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is detectable in young adults and whether any association differs by sex or is modified by
genetic polymorphisms known to be involved in stress sensitivity. We examined these pat-
terns in a sample of 12,420 young adults ages 24-32 years who participated in Wave IV of
the National Longitudinal Study of Adolescent Health. Participants retrospectively reported

gﬁ{l‘g‘;rgj;e /psycholo history of physical, emotional, or sexual abuse before age 18 years. Participants with a sys-
Hypertensiog Y 24 tolic blood pressure (SBP) >140 mmHg or a diastolic blood pressure (DBP) >90 mmHg were
Adolescent classified as hypertensive. We used sex-stratified linear and logistic regression models to
Young adult assess associations between each type of childhood maltreatment and SBP, DBP, and hyper-
Gene-environment interaction tension. We created interaction terms to assess for effect modification of any relationship

between maltreatment and blood pressure by sex or SLC64A genotype. Fifteen percent of
females and 31.5% of males were hypertensive. Frequent physical abuse in childhood was
reported by 5%, frequent emotional abuse by 12%, and any sexual abuse by 5%. No associ-
ation was observed between abuse history and blood pressure in either males or females,
nor was effect modification present by SLC64A genotype. Child maltreatment exposure was
not associated with blood pressure or hypertension in young adults in this study. Future
studies should investigate additional critical windows for the effect of child maltreatment
on cardiovascular health.

© 2014 Published by Elsevier Ltd.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular disease; DNA, deoxyribonucleic acid; BMI, body mass

index; OR, odds ratio; CI, confidence interval.
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Introduction

Hypertension is a well-documented risk factor for the development of cardiovascular disease (CVD), the leading cause of
death in U.S. adults (Hoyert & Xu, 2012) and is also linked to morbidity related to stroke, chronic kidney disease, and heart
failure (Cushman, 2003). Recent research has identified an association between adverse childhood experiences - including
child abuse - and hypertension in middle-aged adults (Afifi, Mota, Macmillan, & Sareen, 2013; Danese et al., 2009; Lehman,
Taylor, Kiefe, & Seeman, 2009; Riley, Wright, Jun, Hibert, & Rich-Edwards, 2010; Stein et al., 2010). The mechanisms for
this association remain unclear and may represent a higher co-morbidity of risk factors for hypertension among those who
experienced child abuse (e.g., obesity (Midei & Matthews, 2011; Vamosi, Heitmann, & Kyvik, 2009), smoking (Jun et al.,
2008), or alcohol use (Widom, White, Czaja, & Marmorstein, 2007)). In addition, those with an abuse history may have
increased physiologic and/or emotional response to stressors (Miller, Chen, & Parker, 2011). Some studies have found a
stronger relationship between child maltreatment and various CVD risk factors in women compared to men (Afifi et al.,
2013; Batten, Aslan, Maciejewski, & Mazure, 2004). This finding raises the question of whether women respond differently
to child maltreatment or are simply more likely to be exposed to certain forms of maltreatment, such as sexual abuse, that
may have more direct effects on blood pressure.

In addition to potential sex differences in the response to child maltreatment, genes that influence changes in blood
pressure, heart rate, and vascular endothelial function in response to psychological stress may also play a role. Individuals
with a long promoter region for the serotonin transporter gene SLC6A4 have greater transcription of this gene and therefore
greater serotonin uptake in platelets compared to those with a short promoter region for SLC6A4 (Greenberg et al., 1999).
Experimental studies have generally found greater cardiovascular reactivity in response to acute stressors in those with the
short promoter region (McCaffery, Bleil, Pogue-Geile, Ferrell, & Manuck, 2003; Way & Taylor, 2011). However, studies of the
moderating effect of SLC64A polymorphisms on the relationship between child maltreatment and adult health outcomes
such as depression have shown mixed results (Banny, Cicchetti, Rogosch, Oshri, & Crick, 2013; Brown et al., 2012; Klauke et al.,
2011; Uher et al., 2011). Whether any increased cardiovascular reactivity associated with SLC64A polymorphisms results
in chronic hypertension due to frequent stressful exposures in those with a history of child maltreatment or conversely,
lower blood pressures in those who experienced supportive environments, is unknown. The latter may be true if certain
SLC6A4 alleles confer a differential susceptibility to both positive and negative environments (Belsky & Pluess, 2009). We
are unaware of previous studies examining the effect of the SLC6A4 gene on the relationship between child maltreatment
and blood pressure.

Early identification and treatment of hypertension is a cornerstone of CVD prevention (Chobanian et al., 2003), and
clarifying any association between child maltreatment and blood pressure in young adults could assist with screening and
prevention programs before end-organ effects occur. As the majority of the studies of child maltreatment and hypertension
have looked at this outcome in mid-life, we aimed to assess for relationships between physical, sexual, and emotional abuse
and elevated blood pressure in young adults aged 24-32 years in the National Longitudinal Study of Adolescent Health (Add
Health). We hypothesized that any association found would be stronger for females compared to males and in those with a
short compared to a long promoter region for SLC64A.

Methods

We used data from the fourth wave of Add Health (n=15,701), a nationally representative school-based study of ado-
lescents enrolled in grades 7-12 at initial recruitment (Wave I) in 1994-1995. Wave IV data were collected in 2007-2008
when the participants were ages 24-32 years. Informed consent was obtained at Wave I and the study was approved by the
Institutional Review Board at the University of North Carolina at Chapel Hill (Harris et al., 2009); additional analyses were
approved by the Boston Children’s Hospital Office of Clinical Investigation.

The sample for this study contained 12,420 young adults (79% of Wave IV participants). We excluded participants with
missing data for sample weights or region (n =904) because it was not possible to take into account the complex survey design
for these individuals. We excluded those currently pregnant (n=487) because of concern that their blood pressure might be
influenced by factors different than the non-pregnant population. We also excluded those with systolic blood pressure (SBP)
<80 mmHg or >200 mmHg (n=9) and diastolic blood pressure (DBP) <40 mmHg or >120 mmHg (n=15) because of concerns
about measurement error. We excluded those currently on blood pressure lowering medications in the past four weeks as
inventoried in the home by the Add Health field interviewer (n=528) but also performed a sensitivity analysis with the
included individuals. In addition, we excluded those who had missing data for either the outcome variable or for any key
independent variables (n=1,361). Because there was a high non-response rate for household income (~7%), we imputed
income by Gaussian normal regression to avoid selection bias.

Measures
Outcome variables

Blood pressure was measured by trained Add Health field interviewers using an appropriately sized arm cuff and an
automatic oscillometric monitor approved by the British Hypertension Society (BP 3MC1-PC_IB; MicroLife USA, Inc., Dunedin,
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FL; Nguyen et al., 2011). After five minutes of rest, three blood pressure measurements were taken from the right arm with
the patient in the resting, seated position, each separated by 30s. The second and third measurements were double-entered
and then averaged to give the final blood pressure recorded. We classified participants as hypertensive if they had an average
measured SBP >140 mmHg or an average measured DBP >90 mmHg.

Primary exposure variables

Participants were asked at Wave IV to report retrospectively on mistreatment by adults during their childhood or ado-
lescence using validated questions adapted from the Conflict Tactics Scale (Straus & Gelles, 1990). For emotional abuse,
participants were asked, “Before your 18th birthday, how often did a parent or other adult caregiver say things that really
hurt your feelings or made you feel like you were not wanted or loved?”; for physical abuse, “Before your 18th birthday,
how often did a parent or adult caregiver hit you with a fist, kick you, or throw you down on the floor, into a wall, or down
stairs?”; and for sexual abuse, “How often did a parent or other adult caregiver touch you in a sexual way, force you to touch
him or her in a sexual way, or force you to have sexual relations?” Participants indicated never, 1 time, 2 times, 3-5 times,
6-10 times, or more than 10 times for each type of abuse. We categorized frequent emotional abuse as occurring >10 times,
frequent physical abuse as occurring >6 times, and any sexual abuse as occurring >1 time to correspond with prevalence of
emotional, physical and sexual abuse reported by studies using validated scales of child maltreatment (Green et al., 2010;
McLaughlin et al., 2012) and used these as our primary exposure variables. We also assessed ordinal abuse scores for each
of the three abuse questions (range: 0-5) and a composite abuse score created by summing the categorical responses from
all three abuse questions (range: 0-15) in secondary analyses.

Genetic variables

Salivary buccal cell DNA was collected from Add Health participants using a standardized protocol (Smolen et al., 2012).
We categorized individuals with 14 repeat units in the 5’ regulatory region of the serotonin transporter gene SLC6A4 as
having the short form of the HTTLPR promoter and individuals with 16 or more repeat units as having the long form (Heils
etal., 1996). We also categorized individuals with a G in the rs25531 single nucleotide polymorphism position as having the
short form given evidence of transcriptional activity similar to the short form with this polymorphism (Hu et al., 2006). We
assessed for Hardy—-Weinberg equilibrium of these alleles in the overall population and in each racial/ethnic group.

Covariates

We constructed five racial/ethnic categories based on participant responses to two questions regarding racial identity
and whether participants were of Hispanic/Latino origin: Asian/Pacific Islander, black/African American, Hispanic, multi-
racial/other, Native American/American Indian, and white. We used participants’ self-reported household income and
household size to create income as a percentage of the poverty level and then categorized based on standards used in
NHANES reporting (Centers for Disease Control and Prevention, 2012). We collapsed the highest level of parental education
achieved reported by either parent at Wave I to create three categories: high school graduate or less, some college or trade
school training beyond high school, and college graduate or beyond. We calculated body mass index (BMI =kg/m?2) from
Wave IV measured weight and height when available (98%) and from self-report in the small number of participants missing
measured height and weight. We considered participants smokers at Wave IV if they reported currently smoking tobacco
on more than 10 days in the proceeding 30 days. We categorized participants as moderate users of alcohol at Wave IV if
they reported consuming alcohol on one or more days per week in the past 12 months and as heavy users if they reported
consuming more than five drinks (men) or four drinks (women) in a row at least monthly in the past 12 months. We used the
10-item subscale of the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) to assess the psychological
functioning of participants. Scores on the subscale ranged from O to 30 and those who scored greater than or equal to 10
were considered possibly depressed, consistent with prior research (Musliner & Singer, 2014).

Statistical analysis

All analyses were performed using STATA SE 12.1 (Stata Corporation, College Station, TX). Survey sampling weights were
applied to account for the unequal likelihood of certain subpopulations being sampled. Bivariate analyses of the covari-
ates of interest with the three exposures variables and the three outcome variables were conducted to test for significant
relationships with simple linear regression for continuous variables and chi-square tests for categorical variables. We then
created linear and logistic regression models to identify any association among physical abuse, emotional abuse, or sexual
abuse and the outcomes of SBP, DBP, and hypertension. We first controlled only for age and sex and then controlled for
potential confounders and mediators based on a priori findings from the literature using dummies for categorical variables
(fully adjusted models). We assessed for effect modification by SLC64A genotype by creating genotype-by-maltreatment
interaction terms for each of the abuse variables and adding these to the models. We also assessed for effect modification
by sex.



1750 H.C. Gooding et al. / Child Abuse & Neglect 38 (2014) 1747-1754

Table 1
Characteristics of 12,420 young adults in the National Longitudinal Study of Adolescent Health (Wave IV) by child maltreatment history.
Characteristic Sample N Frequent emotional Frequent physical Any sexual abuse % (SE)
abuse % (SE) (n=1,487) abuse % (SE) (n=611) (n=647)

Age at Wave IV

24-28 years 6,059 11.7 (0.6) 4.6 (0.4) 5.1(0.4)

29-32 years 6,361 12.4(0.7) 52(04) 5.5(0.4)
Sex

Male 6,003 9.8 (0.5) 5.0(0.4) 2.6(0.3)

Female 6,417 14.4(0.7) 4.7 (0.4) 8.1(0.5)
Race/ethnicity

White 6,702 12.4(0.5) 4.4(0.3) 4.6 (0.4)

Black/African-American 2,497 9.6 (0.9) 4.8(0.7) 6.6 (0.9)

Hispanic 2,016 10.5(1.1) 5.6 (0.8) 5.8(0.9)

Asian/Pacific Islander 725 15.8(3.4) 7.8 (2.0) 42(1.3)

Native American 98 19.8 (4.6) 7.0 (3.5) 14.1 (4.0)

Other/Multiracial 382 17.5(3.4) 7.9(2.1) 8.6(0.9)
Income at Wave |

<100% FPL 1,920 13.0(1.2) 6.2 (0.7) 7.6 (0.9)

100-299% FPL 5916 12.0 (0.6) 5.4(0.4) 6.2 (0.5)

300-499% FPL 3,290 12.4(0.8) 4.0(0.5) 3.3(04)

>500% FPL 1,294 9.9(1.0) 2.6 (0.6) 2.3(0.6)
Parental education at Wave |

High school or less 4,427 11.1 (0.6) 5.1(0.5) 6.2 (0.6)

Some college or trade 4,412 14.2 (0.8) 5.6 (0.5) 5.8 (0.5)

College graduate 3,581 10.4(0.6) 3.5(0.4) 3.3(0.4)
BMI Wave IV

Underweight (BMI < 18.5 kg/m?) 192 12.3(2.9) 3.1(1.6) 5.3(1.9)

Normal (BMI > 18.5 & <25 kg/m?) 4,054 12.2(0.7) 4.6 (0.4) 4.6 (0.5)

Overweight (BMI > 25 & <30 kg/m?) 3,774 12.0(0.8) 4.8 (0.5) 5.3(0.5)

Obese (BMI > 30 kg/m?) 4,400 11.8(0.7) 52(0.4) 5.8(0.5)
Alcohol consumption Wave IV

None 6,467 12.4(0.6) 5.0(04) 5.9(0.5)

Moderate 3,487 11.8(0.8) 4.6 (0.5) 4.9(0.5)

Heavy 2,466 11.5(0.9) 5.0(0.6) 4.2 (0.5)
Tobacco smoking Wave IV

>10 days per month 3,590 14.5(0.8) 6.6 (0.6) 6.1 (0.6)

<10 days per month 8,830 10.8 (0.5) 4.0(0.3) 4.8 (0.6)
Depression score Wave IV

Mean (SE) 12,421 10.9 (0.19) 10.6 (0.26) 11.3(0.27)

>10 4,697 16.7 (0.8) 6.9 (0.5) 7.5(0.6)

<10 7,723 9.2(0.5) 3.6(0.3) 3.9(0.3)
SLC64A genotype

Short/short 3,519 12.8(0.8) 4.6(0.4) 5.5(0.5)

Short/long 6,010 11.5(0.6) 4.8 (0.4) 5.3(0.4)

Long/long 2,891 12.1(0.8) 5.2(0.6) 4.9(0.5)

All analyses accounted for complex-survey design using sampling weights. Weighted estimates are presented.

Results

Characteristics of the study population by child maltreatment history are presented in Table 1. Female participants
reported higher rates of frequent emotional abuse and of any sexual abuse compared to males. Tobacco smoking and having
a depression score >10 were each associated with greater prevalence of all 3 types of abuse (p <.001 for all comparisons).
Alcohol consumption and BMI were each associated with frequent sexual abuse (p <.05).

Females had lower mean blood pressures compared to males (SBP: 119.9 vs. 129.6 mmHg; DBP: 77.0 vs. 81.5 mmHg)
and corresponding lower rates of hypertension also (15.3% vs. 31.5%). Higher SBP, DBP, and prevalence of hypertension was
found in those with greater alcohol consumption, tobacco smoking, and higher BMI (p <.001 for all comparisons). Reporting
a depression score of >10 was associated with lower systolic blood pressure (p=.001).

We did not find a significant association among frequent emotional abuse, frequent physical abuse, or any sexual abuse
and systolic blood pressure, diastolic blood pressure, or hypertension in models adjusted for age and sex (Table 2, Model 1)
or fully adjusted for covariates and potential mediators (Table 2, Model 2). Because no effect modification by sex was found,
we report models for males and females together. A significant relationship was not found between SLC64A genotype and
blood pressure (data not shown in table). Also, no effect modification of a relationship between maltreatment and blood
pressure by genotype identified was found (Table 2, Model 3). Results did not differ when we modeled ordinal responses to
each of the abuse variables or the composite abuse score (data not shown).



Table 2
Associations between abuse types and blood pressure in 12,420 participants from the National Longitudinal Study of Adolescent Health (Wave IV).

Predictor Systolic blood pressure Diastolic blood pressure Hypertension
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Emotional abuse
Frequent emotional abuse?® 0.26 (-0.59,1.12)  0.35(-0.39, 1.10) 0.44(-0.99,1.86) 0.48(-0.27,1.23) 0.44(-0.26, 1.14) 0.43(-0.71,1.57)  1.11(0.93,1.33) 1.09(0.92,1.30) 1.01(0.73,1.41)

Short/longd - - 0.93(0.19, 1.67) - - 0.23(-0.38,0.83) - - 1.03 (0.87,1.21)
Long/longd - - 0.34(-0.50,1.17) - - -047(-1.11,0.16) - - 1.05(0.88, 1.24)
Short/long x emotional abuse® - - -0.97(-2.81,0.86) - - -0.67(-2.07,0.74) - - 0.96 (0.66, 1.41)
Long/long x emotional abuse® - - 1.68(-0.46,3.82) - - 1.41(-0.29,3.11) - - 1.45(0.90, 2.32)
Physical abuse
Frequent physical abuse P —0.55(—1.94,0.84) —0.78 (-2.06,0.50) 0.36(—2.08,2.80) —0.42(-1.41,0.57) —0.67 (-1.61,0.27) —0.31(-2.42,1.81) 1.06(0.81,1.40) 0.99(0.75,1.31) 1.38(0.81,2.34)
Short/longd - - 0.90(0.18, 1.63) - - 0.19(-0.41,0.79) - - 1.05(0.90, 1.23)
Long/longd - - 0.58(-0.29,1.46) - - -0.32(-097,033) - - 1.11 (0.94, 1.30)
Short/long x emotional abuse® - - -1.90(-4.77,097) - - -0.92(-3.47,164) - - 0.58(0.32, 1.05)
Long/long x emotional abuse® - - -0.89(-3.89,2.12) - - 0.39(-2.00,2.78) - - 0.75(0.38, 1.50)
Sexual abuse
Any sexual abuse® -0.20(-1.47,1.07) -0.69(-1.82,0.45) —-0.62 (—2.90, 1.67) —0.06 (—1.14,1.03) -0.47 (-1.50,0.56) —0.74 (—2.35, 0.88) 1.10(0.86,1.41) 0.99(0.76, 1.29) 1.02 (0.64, 1.65)
Short/longd - - 0.81(0.09, 1.52) - - 0.13(-045,0.72) - - 1.02 (0.88,1.19)
Long/longd - - 0.56(-0.31,142) - - -0.35(-1.00,0.30) - - 1.10(0.93, 1.30)
Short/long x emotional abuse® - - 0.09 (-3.07,3.25) - - 0.20(-1.85,2.25) - - 1.01 (0.54, 1.90)
Long/long x emotional abuse® - - -0.52(-3.82,2.78) - - 0.73(-1.63,3.09) - - 0.84(0.37,1.90)

B indicates change per 1 mmHg blood pressure difference. OR, odds ratio; CI, confidence interval.
All analyses accounted for complex survey design using sampling weights.
Model 1 is adjusted for age and sex.
Model 2 is adjusted for age, sex, race/ethnicity, parental income as percentage of federal poverty level, highest parental education, young adult BMI, alcohol drinking, frequent smoking, and depression score.
Model 3 is adjusted for age, sex, race/ethnicity, parental income as percentage of federal poverty level, highest parental education, young adult BM], alcohol drinking, frequent smoking, and depression score and
the interaction between emotional abuse and the SLC64A genotype.
Referent groups as follows:
2 No/less than frequent emotional abuse.
b No/less than frequent physical abuse.
¢ No sexual abuse.
d Short/short genotype.
¢ Short/short genotype/no/less than frequent emotional abuse.
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Discussion

Child maltreatment and hypertension are important public health issues and were prevalent in this nationally represen-
tative sample of young adults. However, we did not find an association between reports of physical, emotional, or sexual
abuse in childhood and blood pressure in young adulthood in either males or females participating in Add Health. Further-
more, our findings neither support a relationship between SLC64A genotype and blood pressure in young adults generally
nor any differential susceptibility (Belsky & Pluess, 2009) to abusive vs. non-abusive environments by SLC64A genotype with
regards to young adult blood pressure.

There are several possible explanations for our null findings. We excluded 21% of Add Health participants in the complete
case analysis because of missing data on a variety of variables. There were, however, no differences between the included and
excluded participants on the blood pressure outcomes or prevalence of abuse exposure. Given the higher rates of measured
hypertension in Add Health (19%) compared to participants of similar age in the National Health and Nutrition Examination
Survey (4%; Nguyen et al., 2011), some individuals in Add Health may have been misclassified as hypertensive. However, the
Add Health protocol for measuring blood pressure has been well-validated (Nguyen et al., 2011), and we do not have reason
to suspect that any overestimation effect would differentially affect the maltreated and non-maltreated groups. Although
the prevalence of hypertension is quite high in young adults in this sample, childhood exposures may have latent effects
that are not yet evident by early adulthood. For example, studies have indicated steeper weight gain trajectories among
women with a history of abuse (Noll, Zeller, Trickett, & Putnam, 2007) or posttraumatic stress disorder (Kubzansky et al.,
2014); it may be that blood pressure increments are a downstream effect that follows overweight and obesity. Others have
found a lack of relationship between child maltreatment and young adult blood pressure when psychosocial factors are
accounted for (Lehman et al., 2009); unmeasured confounders related to emotional functioning may also have obscured
any relationship in this sample. Because we did not test for any relationship between supportive or resilient environments
in childhood on young adulthood blood pressure, differential susceptibility conferred by SLC64A genotype on young adult
blood pressure cannot fully be excluded.

We were also unable to quantify the duration of exposure to maltreatment over time. It is plausible that child mal-
treatment causes changes in the autonomic nervous system or hypothalamic-pituitary-adrenal response to future stressors
(Carpenter et al., 2007; Heim et al., 2000; MacMillan et al., 2009) and that only repeated exposures to future stressors over
long periods of time result in chronically elevated blood pressures. This may also partially explain our null findings related
to SLC6A4 genotype, as we hypothesized that those with the short promoter region would have higher blood pressures if
exposed to child abuse due to increased cardiovascular reactivity in response to stress over time. Finally, we used retro-
spective reports of abuse based on a limited number of questions adapted from the validated Conflict Tactics Scale (Straus
& Gelles, 1990). Retrospective reports are subject to under-reporting of abuse (Hardt & Rutter, 2004), and we were not able
to measure severity of abuse. It is possible that by combining these rarer, severe events with more prevalent mild events,
we obscured associations that would have been evidence for severe maltreatment.

Conclusion

Studies of cohorts of older adults have identified child maltreatment as a risk factor for ischemic cardiovascular events
in adulthood (Batten et al., 2004; Dong et al., 2004; Rich-Edwards et al., 2012). Repeated but transient elevations in blood
pressure in response to future stressors in those with a history of maltreatment may indeed contribute to these findings in
older populations. We did not find any association between child maltreatment and the rates of hypertension in younger
adults, nor any effect modification by a common genetic polymorphism associated with increased cardiovascular reactivity
to stress. However, given the high rates of hypertension and child maltreatment found in young adults in Add Health, these
remain important public health issues and areas for future study and intervention.
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