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Abstract  

 

Background. Hypertension is a strong factor for stroke and coronary disease, and it has been 

found that 1 in 4 young adults are experiencing pre-hypertension in the US. This study was 

designed to examine the role of parent-adolescent relationships in the risk of developing 

(pre)hypertension in young adulthood, and to explore potential mediator(s). Methods. Our 

analysis was based on the data from the National Longitudinal Study of Adolescent to Adult 

Health, Wave 1 (ages 13-18) and Wave 4 (ages 25-32) (N=3,350). Three parent-adolescent 

relationships were extracted from a factor analysis, and four different specifications of 

(pre)hypertension were generated and tested individually. We applied GSEM to perform path 

analysis estimations. Results. We found that mother-reported relationship quality had both a 

direct and an indirect effect via alcohol consumption, on the likelihood of (pre)hypertension in 

young adulthood. The path from relationship quality to (pre)hypertension via alcohol 

consumption was consistent with three different specifications of hypertension (pre-

hypertension, clinical/experienced hypertension, and experienced hypertension), suggesting 

the path relation was evident. Our study also showed that both relationship quality and 

adolescent-reported maternal warmth/responsiveness were associated with the risk of 

clinical/experienced hypertension via mental health problems. Parental control was found to 

have a direct and protective effect on clinical/experienced hypertension. Conclusion. Early 

family relationships in adolescence predict (pre)hypertension in young adulthood. Initiatives 

related to parent-adolescent relationships, and the associated effects on later alcohol 

consumption and mental health problems, may have a long implication on the risk of 

(pre)hypertension in adulthood.  

 

Keywords: Hypertension; Parent-adolescent relationships; Alcohol use; Mental health; 

Longitudinal dataset; Young adulthood 

 

 

 

 

 



3 
 

Implications and Contribution 1 

The study showed protective effects of parent-youth relationship quality, maternal 2 

warmth/responsiveness, and parental control on (pre)hypertension in young adulthood and 3 

identified two important mediators: alcohol use and mental health. Interventions may need to 4 

be more targeted to family relationships in adolescence and young adult alcohol use and mental 5 

health problems. 6 

 7 

Hypertension is a strong determinant for stroke and coronary heart disease, the leading 8 

causes of death in the United States (US) [1], which costs the nation around $46 billion each 9 

year due to expenditures on health care services and medical treatment for high blood pressure 10 

(BP) [2]. While hypertension and its related health problems such as cardiovascular disease 11 

(CVD) are more concentrated in the elderly population, the national statistics indicate that 12 

nearly 1 in 4 young adults in the US experience pre-hypertension [3,4]. Despite its high 13 

prevalence, public and academic awareness over (pre)hypertension among young adults has 14 

been relatively low. 15 

There is growing attention on the association between early parent-child/adolescent 16 

relationships and later development of hypertension or CVD risk [5,6,7,8,9,10,11,12]. For 17 

instance, maternal support during adolescence has been found to correlate with a lower CVD 18 

risk in young adulthood, and the association was partly mediated by young adult health 19 

behaviours (including tobacco and alcohol use, physical activity, and fast food consumption) 20 

[6]. Similarly, having a close relationship with one’s mother was related to a lower level of BP 21 

and heart rate in adolescence, whereas a hostile parent-child relationship was associated with 22 

various CVD risk factors including an accelerated heart rate and an increased BMI [9]. In 23 

recognition of parent-adolescent relationships, policymakers and scholars, such as the Triple P 24 
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(positive parenting program) and the World Health Organization, have conducted various 25 

family-based interventions to promote positive and responsive parenting [13,14,15]. 26 

Although correlations between parent-child/adolescent relationships and hypertension-27 

related issues have been demonstrated in previous studies, investigations into the determinants 28 

of (pre)hypertension in early adulthood are limited. Considering that a high proportion of 29 

young adults are experiencing (pre)hypertension as shown above, and its potential risk of 30 

developing into serious hypertension stages that are hard to treat once present, an understanding 31 

of its early causes would be useful for designing cost-effective prevention programmes. 32 

Therefore, the first objective of this article was to extend previous research by investigating 33 

whether (pre)hypertension in early adulthood could be explained by parent-child/adolescent 34 

relationships.  35 

Despite the link between early family experiences and hypertension outcome being 36 

evident, little is known about the operative mechanisms (i.e. how the early experiences affect 37 

later health). An overview of previous literature suggests that early parent-child/adolescent 38 

relationships may affect later (pre)hypertension/CVD risks in young adulthood through four 39 

health-related behaviours, cigarette use, alcohol consumption, physical activity, and unhealthy 40 

diet [6,16,17,18,19,20,21,22], and mental health [23,24]. Past literature has demonstrated that 41 

poor relationships with parents in childhood and adolescence, especially those that involved 42 

low parental warmth, were found to be associated with long-term cigarette and alcohol 43 

consumption due to early age at initiation [25]. Chronic exposure to cigarettes and alcohol 44 

could change hormone levels that may affect BP, which in turn, would increase the risk of 45 

hypertension [17,19]. Apart from cigarette and alcohol consumption, research has shown that 46 

family cohesion, parental involvement, and parent-adolescent communication were related to 47 

increased physical activity and healthy diet; adolescents’ self-efficacy in regulating their eating 48 

behaviour may partially explain the correlations [9,26]. The activities that emerge in 49 
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adolescence could have a lingering impact on later health behaviours in adulthood, which may 50 

increase the risk of (pre)hypertension [27,28]. In terms of mental health problems, warm and 51 

responsive parents may provide emotional support for adolescents who are at the sensitive 52 

developmental stage in life [23]. Prolonged exposure to mental health problems could induce 53 

deregulations in biological systems including continuous secretion of adrenocorticotropic 54 

hormone and cortisol, eventually leading to high BP [24]. While previous studies have 55 

suggested links between early family relationships, health behaviours, mental health problems 56 

and the risk of hypertension/CVD, a substantial connection between them is lacking. As a result, 57 

the second objective of this study was to explore the mechanisms underlying this association 58 

by testing the indirect effect of parent-adolescent relationships via the four health behaviours 59 

and mental health.  60 

To achieve the two objectives, three parent-adolescent relationships were examined in 61 

this study: parental warmth and control based on Baumrind’s two-factor schema of parenting 62 

styles [29], and parent-youth relationship quality, whose unique set of interactions, such as 63 

parental trust and joint decision-making, was related to adolescent positive development [30]. 64 

Five potential mediators measured in adulthood were tested: cigarette use, alcohol consumption, 65 

physical activity, unhealthy diet, and mental health problems. A close examination of the 66 

potential long-term impacts of parent-child/adolescent relationships on young adult 67 

(pre)hypertension, as well as the possible indirect effects, can provide more specific and 68 

targeted policy implications for early life interventions on young adult health.  69 

Data and Methods 70 

 71 

The present research used the public dataset from Wave 1 (aged 13-18) and Wave 4 72 

(aged 25-32) of National Longitudinal Study of Adolescent to Adult Health (Add Health) in 73 
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the US, which provides rich information on multiple aspects of respondents’ lives, including 74 

family relationships, health status, and health-related behaviours [31].  75 

Add Health is a school-based study of a representative sample of adolescents in grades 76 

7-12 in 1994-1995. Over 90,000 students from 132 schools completed an initial questionnaire, 77 

and a sub-sample was selected for in-home interviews in the same year, and were re-78 

interviewed in 1996 (Wave 2), 2001/2 (Wave 3), and 2008 (Wave 4). Parents were also invited 79 

for an interview at Wave 1. Of this adolescent-sample, 85% had a parent participate in the 80 

baseline interview. Given that more than 90% of observations in parent questionnaires were 81 

completed by the mother, this study only focused on the relationship with mother.  82 

We restricted the sample to respondents who were between ages 13 and 18 at the time 83 

of the first interview, and female respondents who were not pregnant at the time of being 84 

diagnosed with high BP/hypertension, nor pregnant at the time of measuring BP at Wave 4. 85 

The observation was 3,350. To determine whether or not to apply weighting, we followed Solon 86 

et al.’s suggestion [32] to conduct the standard heteroscedasticity diagnostics. Since the 87 

residuals were normally distributed, weighting was not necessary [32,33]. Results presented in 88 

this study are therefore unweighted. 89 

Outcome variable. A binary indicator of (pre)hypertension measured at Wave 4 was 90 

constructed based on two information: 1) whether respondents had been clinically diagnosed 91 

of having high BP/hypertension, and 2) whether respondents’ BP was higher than normal (BP≥ 92 

120/80 mm Hg) [34] when measured by field interviewers, who administered three readings 93 

and recorded participants’ BP using a cuff matched to arm circumference. Three alternative 94 

binary indicators were also generated for robustness checks: a) pre-hypertension- the 95 

measurement in the interview read systolic 120-139 or diastolic 80-89; b) clinical/experienced 96 

hypertension- respondents who had been either clinically diagnosed with hypertension, or 97 

whose BP measurement was high (BP≥ 140/90 mm Hg); and c) experienced hypertension – the 98 
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BP measurement read equal/above 140 systolic or 90 diastolic. The BP classification was 99 

constructed based on guidelines from the Seventh Report of the Joint National Committee on 100 

Prevention Detection, Evaluation, and Treatment of High Blood Pressure [34]. 101 

Early family relationships in adolescence. Early family relationships in adolescence 102 

were measured by 18 questions. We applied a principal-component factor analysis to extract 103 

three factors: adolescent-reported warmth/responsiveness (Eigenvalue=4.22, α=0.86, 7 items), 104 

mother-reported relationship quality (Eigenvalue=1.60, α=0.65, 4 items, higher scores 105 

indicated higher quality of relationship), and adolescent-reported parental control 106 

(Eigenvalue=2.19, α=0.62, 7 items; parental control was not asked in the parents’ 107 

questionnaire). Given that parental behaviours might vary according to adolescent age and 108 

gender, all scales were therefore adjusted for adolescent age and gender and were standardized 109 

[35].  110 

Potential mediators and control variables. Potential mediators examined in this study 111 

were measured at Wave 4: respondents’ daily cigarette and alcohol consumption in the past 30 112 

days, mental health problems (higher scores indicated greater mental health problems; α= 0.88, 113 

16 items), weekly physical activities (a 4-point scale, ranging from no exercise to high amount 114 

of exercise), and unhealthy diet (an additive scale of having fast food and sweetened drinks in 115 

the past week). 116 

Other variables measured at Wave 1 were adjusted: age, gender, ethnicity, high maternal 117 

alcohol consumption (two or three days per month or more), and maternal cigarette use. 118 

Educational level, employment status, household income, marital status, presence of child(ren), 119 

BMI, and religiosity at Wave 4 were also controlled for in all analyses. All measurement 120 

responses were provided by the respondents during adolescence and young adulthood, except 121 

for parental substance use that was measured only at Wave 1 and reported by either the 122 

respondents, mothers, or fathers.  123 



8 
 

As the outcome variables were binary, the analyses were based on path analysis 124 

estimations using generalised structural equation modelling (GSEM). We specified a system of 125 

relationships which allowed parent-adolescent relationships to have a direct effect on the 126 

outcome variables, as well as indirect effects via the mediator(s). Control variables were 127 

allowed to influence both the mediator(s) and outcomes. Odds ratios are presented.  128 

Our analyses were based on data from human subjects. Because we conducted only 129 

secondary analysis of a data set which had been collected under a protocol compliant with 130 

federal standards of ethics, informed consent, and the protection of human subjects (see Add 131 

Health documentation http://www.cpc.unc.edu/projects/addhealth/faqs/addhealth ) and we had 132 

agreed to the relevant conditions of confidentiality and other terms of use, further ethical 133 

approval from our own institutions was not required.  134 

Results 135 

(Table 1) 136 

A full table of descriptive statistics is presented in Table 1. In our data set, around 68% 137 

of the sample was either clinically diagnosed with hypertension or the BP measurement 138 

collected during the Wave 4 interview was higher than normal (BP≥ 120/80 mm Hg). Nearly 139 

half of the sample had pre-hypertension or was at risk of developing hypertension. Around 20-140 

25% of the respondents experienced hypertension, either they had been clinically diagnosed or 141 

the BP measurement was high (BP≥ 140/90 mm Hg). Although the high proportion of 142 

hypertension among the young adults in the Add Health study may appear surprising, it has 143 

been found that the result was as reliable and valid as another widely cited study, the National 144 

Health and Nutrition Examination Survey (NHANES) [4,36]. This suggests that the prevalence 145 

of hypertension among young adults in the US is unexpectedly high, putting them at a greater 146 

risk of CVD disease.  147 

http://www.cpc.unc.edu/projects/addhealth/faqs/addhealth
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(Table 2) 148 

Table 2 presents estimates from a path analysis using GSEM to estimate the 149 

determinants of (pre)hypertension in young adulthood, after adjusting for the control variables. 150 

One feature of structural equation modelling is that it provides goodness-of-fit statistics to 151 

assess the model fit. However, GSEM estimations using the Stata software are unable to 152 

compute goodness-of-fit indices. To address this issue, we performed case-specific residual 153 

examinations based on the principle that the residuals should have a mean 0 if the observed 154 

and predicted frequencies match well [37]. We found that residuals had a mean very close to 0; 155 

this suggests that our model was high-quality and fitted well with the data. Moreover, log 156 

likelihood, AIC and BIC presented in the table notes indicated that our model was better than 157 

the null model.  158 

Our results showed that, of the five mediators, only alcohol consumption was found to 159 

be associated with both early family relationships in adolescence and (pre)hypertension in 160 

young adulthood. This suggests two important things. First, low-moderate amount of daily 161 

alcohol (nearly one drink a day) consumed by the majority of young adults in our study was 162 

shown to pose a risk to (pre)hypertension. Second, alcohol consumption served as an important 163 

mediator that linked the association between parent-adolescent relationships and the 164 

development of (pre)hypertension.  165 

With respect to the three measurements of early family relationships in adolescence, 166 

only mother-reported relationship quality had both direct and indirect effects through the 167 

mediator on the outcome. Relationship quality was associated with a decrease in the likelihood 168 

of having (pre)hypertension (OR=0.908, SD=0.039, p<0.05). Results also indicated a negative 169 

correlation between relationship quality and alcohol consumption (OR=0.964, SD=0.015, 170 

p<0.05) and a positive correlation between alcohol consumption and the probability of having 171 

(pre)hypertension (OR=1.189, SD=0.067, P<0.01). This suggests that a healthy relationship 172 
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between mother and adolescent, which includes components of parental trust, understanding, 173 

and making joint-decisions, may be effective in regulating alcohol use and reducing the risk of 174 

(pre)hypertension. Adolescent-reported parental control and maternal warmth/responsiveness 175 

were not significantly related to either the mediator or (pre)hypertension in young adulthood. 176 

The results were interesting. While it may seem logical to assume that adolescents’ perception 177 

of parenting styles is more important to their physiological response than parents’ perception, 178 

what we found here suggest the otherwise: the importance of maternal perception on 179 

relationship quality, and a mother’s deep interest and active involvement in adolescent’s life 180 

that was reflected in the variable.  181 

 (Table 3) 182 

Given that only alcohol consumption was shown to be correlated with both quality 183 

mother-adolescent relationship and (pre)hypertension, further analysis was conducted. Table 3 184 

reports the estimates of the association between early family relationships in adolescence, 185 

alcohol consumption, and alternative indicators of hypertension. Of respondents whose BP 186 

measurement indicated pre-hypertension (BP≥120-139/80-89 mm Hg), neither early family 187 

relationships in adolescence nor alcohol consumption predicted the condition. No other 188 

mediators were found. 189 

Of respondents who had been diagnosed with hypertension by a clinician or whose BP 190 

measurement was high (BP≥140/90 mm Hg; clinical/experienced hypertension), again, there 191 

was an indirect association between mother-reported relationship quality and 192 

clinical/experienced hypertension via alcohol consumption. Interestingly, adolescent-reported 193 

parental control indicated a direct and negative relationship with the probability of 194 

hypertension (OR=0.912, SD=0.041, p<0.05 in both with and without the mediator in the 195 

model). This suggests that the effects of parental control may manifest among the respondents 196 

with hypertension. No mediator was found to explain the association between parental control 197 
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and hypertension. Further analysis with this specification illustrated that mental health 198 

problems were another possible mediator of the association between maternal-reported 199 

relationship quality and adolescent-reported maternal warmth/responsiveness and 200 

clinical/experienced hypertension. Mental health problems in young adulthood were found to 201 

be positively associated with hypertension (OR=1.095, SD=0.050, p<0.05; results not shown), 202 

and negatively with relationship quality with mother (OR=0.959, SD=0.016, p<0.05; results 203 

not shown) and maternal warmth/responsiveness (OR=0.878, SD=0.014, p<0.000; results not 204 

shown). This indicated that, although poor mental health was shown to have no effects when 205 

prehypertensive respondents were included in the model, it increased the likelihood of 206 

hypertension. 207 

Lastly, for respondents whose BP was high during the interview (BP≥ 140/90 mm Hg; 208 

experienced hypertension), and consistent with the original (pre)hypertension variable and 209 

clinical/experienced hypertension variable, the amount of alcohol use per day acted as a 210 

mediator of the relationship between mother-reported relationship quality and hypertension. 211 

No other mediators were found.  212 

For robustness checks, we examined whether adolescent-reported paternal 213 

warmth/responsiveness had any effect on the outcome variable and the other specifications. No 214 

direct or indirect relationships were found between paternal warmth/responsiveness, the 215 

mediators, and any definitions of hypertension.  216 

Discussion 217 

The field of longitudinal studies connecting the development of physical health in 218 

adulthood with early family experiences is growing [5,6,7,8,9,10,11,12]. Previous research has 219 

demonstrated the association between family relationships and the risk of hypertension/CVD. 220 

However, little is known about the effects of parent-adolescent relationships on later 221 
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development of (pre)hypertension in young adulthood and the underlying mechanisms. To fill 222 

the research gaps, our study extended the knowledge and made four important contributions.  223 

First, we found that maternal-reported relationship quality with adolescent (e.g. trust 224 

and joint decision-making) had a direct and protective effect on the development of 225 

(pre)hypertension in young adulthood. The results are in line with previous studies [6,9], and 226 

suggest that a close relationship with one’s mother may be associated with a lower level of BP, 227 

decreased heart rate, a lower CVD risk in young adulthood, and thus a lower hypertension risk 228 

in young adulthood. Second, our paper showed no direct effect of adolescent-reported maternal 229 

warmth/responsiveness on later (pre)hypertension. Adolescence is a critical period in which 230 

the viability of their circumstances (e.g. unstable emotional states) may influence their reports 231 

on parental behaviours, as well as the chances of developing (pre)hypertension later in life. 232 

Given that the scales of adolescent-reported maternal warmth/responsiveness and maternal-233 

reported relationship quality were derived from two different sets of items, we were unable to 234 

compare the effects of adolescent perception and maternal perception on parent-youth 235 

relationships directly.  236 

Second, by testing multiple mediators, we found that alcohol consumption may be an 237 

important mechanism of the association between maternal-reported relationship quality and 238 

(pre)hypertension, as well as clinical/experienced hypertension and experienced hypertension 239 

in young adulthood. This result is consistent with the existing literature that has implied a 240 

connection between early family experience and later health outcomes via alcohol consumption 241 

[16,17]. Alcohol is the most used substance and light-moderate use is common. However, our 242 

study indicated that regular use (one drink per day) may be related to the development of 243 

(pre)hypertension, but this can be regulated by having a high-quality relationship with one’s 244 

parents. Given that the indicator of a high-quality relationship was derived from maternal 245 

reports, the results presented here may indicate not only the importance of maternal perception 246 
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of the interactions with their adolescent, but also the deep interest and active involvement of 247 

mothers in their adolescent’s life that was reflected in their reports.  248 

Third, in line with previous studies [25,38], we found that maternal-reported 249 

relationship quality and adolescent-reported maternal warmth/responsiveness could affect the 250 

probability of developing clinical/experienced hypertension via mental health problems. This 251 

suggests that both indicators could possibly influence the development of (pre)hypertension, 252 

but via different routes (i.e. alcohol use and/or mental health problems). Nevertheless, we also 253 

speculate that the adolescents’ perception of their relationship with parents may be influenced 254 

by unobserved characteristics of the adolescents such as personality traits that could also be 255 

associated with poor mental health in adulthood. Future studies will be needed to further 256 

investigate the relationship between parenting styles, adolescents’ personality and 257 

psychological well-being, and other health outcomes.  258 

Finally, our study indicated that parental control had a direct and protective effect on 259 

clinical/experienced hypertension. The results are consistent with previous studies, which had 260 

shown a negative correlation between parental control and monitoring and adverse health 261 

outcomes such as adolescent obesity [38,39]. Although, in our study, parental control appeared 262 

to be less effective than relationship quality when it came to regulating alcohol (consistent with 263 

Van Ryzin et al. study [21]), a possible measurement error in the control scale might exist. 264 

Certain aspects of control which were not captured in our scale, for instance monitoring and 265 

demandingness, may be more effective in preventing adolescents from drinking.  Future work 266 

in this area could seek to understand the effects of various parental disciplinary strategies, such 267 

as monitoring and demandingness.  268 

There are several potential limitations to this study. First, although we considered a 269 

variety of potential confounding factors in the analysis, other unobserved variables such as 270 
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genetic influence and family history of hypertension were not controlled. Second, casual 271 

relationships cannot be identified, even though we used a longitudinal dataset and controlled 272 

for many variables for the analyses. Nevertheless, the association between parent-adolescent 273 

relationships, the mediators, and (pre)hypertension found in this study may give us important 274 

information regarding the possible long-term effects of early family experience on the risk of 275 

(pre)hypertension in young adulthood.  276 

Summary and Implications 277 

Our study showed that early family relationships in adolescence predict 278 

(pre)hypertension in young adulthood, suggesting that initiatives related to parent-adolescent 279 

relationships may have a longer implication on an adolescent’s later physical health. We found 280 

that relationship quality between mother and adolescent, maternal warmth/responsiveness, and 281 

parental control were associated with different types of (pre)hypertension; some of the effects 282 

were expressed via alcohol use and mental health problems. Drawing on these results, both 283 

parents and young adults who are regular alcohol users should be the main targets of 284 

interventions. For instance, for family-based interventions, policymakers can design parenting 285 

programs that strengthen family relationships, promote joint decision-making, train parents to 286 

be responsive and supportive, and encourage parents to have a positive and open discussion 287 

with their children about the consequences of alcohol use. Furthermore, an increase in 288 

government funding for local communities could help provide parents and adolescents with 289 

more accessible resources and support (emotionally and instrumentally), especially in areas 290 

where families are more vulnerable, and where adolescents are at risk of using alcohol regularly 291 

and experiencing mental health problems. This could reduce the huge financial burden in 292 

society associated family dissolution, specialty care for substance abuse and psychological 293 

disorders [40]. Importantly, the government should also increase public awareness of young 294 

adult (pre)hypertension and how it can be prevented by early parent-adolescent relationships. 295 
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For young adults who are regular drinkers, our paper indicates that daily light-moderate 296 

drinking could play a role in their risk of (pre)hypertension. It is important for the US 297 

Department of Health and Human Services to revise the low risk alcohol guidelines and further 298 

investigate the relationship between light drinking and (pre)hypertension.  299 

Taken together, our paper suggests that different parent-adolescent relationships play 300 

various roles in the probability of (pre)hypertension development, either directly or indirectly 301 

via alcohol use and mental health problems. To reduce expenditures associated with medical 302 

treatment and health care services, establishing healthy family relationships in adolescence 303 

could be the earliest and most cost-effective way to prevent young adult (pre)hypertension.  304 
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Table 1. Descriptive statistics for (pre)hypertension, parent-adolescent relationships, potential 

mediators, and covariates (N=3,350) 

Variables 
Range of Values 

Mean (SD) or % 
Min Max 

Outcome variables, W4    
(Pre)hypertension1 0 1 68.2 

Alternative specifications of hypertension    
Pre-hypertension2 0  1 47.6 
Clinical/experienced hyertension3 0  1 25.4 
Experienced hypertension4 0 1 19.0 

Parent-adolescent relationships, W1    
Mother-reported relationship quality -4.50 2.32 -0.00 (1.00) 
Adolescent-reported maternal 
warmth/responsiveness 

-4.94  1.70 -0.02 (1.01) 

Adolescent-reported parental control -1.85 4.43 -0.01 (0.98) 
Potential mediators, W4    

Daily alcohol use in the past 30 days 0 6  0.96 (0.94) 
Daily cigarettes use in the past 30 days 0 28  3.41 (6.66) 
Mental health problems -1.63 4.37 -0.03 (0.99) 
Physical activities    

No exercise (Ref) 0 1 12.5 
Low (1-3 times) 0 1 21.5 
Medium (4-7 times) 0 1 26.5 
High (8 or above 8 times) 0 1 39.5 

Unhealthy diet 0 133 18.6 (15.8) 
Covariates, W1 & W4    

High maternal alcohol use, W1 0 1 22.5  
Maternal smoke, W1 0 1 48.8 
Age, W4 25 32 28.3 (1.67) 
Female, W4 0 1 54.4 
White, W4 0 1 66.7  
Educational level, W4    

Less than high school (Ref) 0 1 7.04 
High school graduate  0 1 15.0 
Some post-school training/college 0 1 43.7 
Bachelor’s degree or higher 0 1 34.2 

Employed, W4 0 1 66.3 
Household income, W4    

Less than $15,000 (Ref) 0 1 7.58 
$15,000 to $49,999 0 1 22.8 
$50,000 to $74,999 0 1 34.8 
$75,000 to $150,000 or above 0 1 28.4 
Missing  0 1 6.42 

Married, W4 0 1 39.9 
Presence of child(ren), W4 0 1 45.9 
BMI, W4    

Underweight less than 18.5 (Ref) 0 1 1.37 
Normal: 18.5- 24.9 0 1 31.5 
Overweight: 25 – 29.9 0 1 29.8 
Obese I: 30-34.9 0 1 18.8 
Obese II: 35-39.9 0 1 9.91 
Obese III: 40 or above 0 1 8.69 

Religiosity, W4 -1.73 2.19 -0.01 (1.01) 

Note: 1Respondents had been diagnosed by a clinician of having a hypertension or blood pressure (BP) 
≥ 120/80 mm Hg measured at Wave 4 interview. 2BP ≥ 120-139/80-89 mm Hg measured at Wave 4 
interview. 3Respondents had been diagnosed by a clinician of having a hypertension or BP ≥ 140/90 
mm Hg measured at Wave 4 interview. 4BP ≥ 140/90 mm Hg measured at Wave 4 interview. 
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Table 2. Path analysis using GSEM estimation: the association between parent-adolescent 

relationships at Wave 1, potential mediators, and (pre)hypertension in adulthood at Wave 4 (N=3,350) 

Variables Path to (pre)hypertension, 
W4  

Path to alcohol use, 
W42  

 OR (S.E.) OR (S.E.) 

Parent-adolescent relationships, W1   

Mother-reported relationship quality    0.908 (0.039) *  0.964 (0.015) * 

Adolescent-reported maternal 
warmth/responsiveness 

   1.012 (0.042)  0.979 (0.015) 

Adolescent-reported parental control    0.950 (0.041)  1.002 (0.016) 

Potential Mediators, W4   

Daily alcohol use in the past 30 days    1.189 (0.067) **  

Daily cigarette use in the past 30 days    1.004 (0.008)  

Mental health problems    0.934 (0.042)  

Weekly physical activities1   

Low (1-3 times)    0.888 (0.136)  

Medium (4-7 times)    0.859 (0.128)  

High (8+ times)    0.849 (0.121)  

Unhealthy diet    

Log Likelihood (null) -1721.4957 -6166.8241 

Log likelihood  -1713.6562 -6158.9847 

AIC 3491.312 12445.97 

BIC 3687.047 12838.78 

Note:  * sig at 5%, ** sig at 1%, *** sig at 0.1%. All covariates were controlled in the model. 
Reference groups: 1No exercise. 2Given that only alcohol consumption had a direct relationship 
with (pre)hypertension, its path in connection with parent-adolescent relationships was tested. 
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Table 3. GSEM estimation of the association between parent-adolescent relationships at Wave 1, 

alcohol consumption in adulthood, and alternative indicators of hypertension in adulthood at Wave 4  

 Pre-
hypertension1  

Clinical/experienced 
hypertension2 

Experienced 
hypertension3 

 OR (S.E.) OR (S.E.) OR (S.E.) 

Effects of parent-adolescent relationships on Wave 4 outcomes (without mediator) 

Mother-reported relationship quality  0.962 (0.035)  1.002 (0.044)   0.982 (0.047) 

Adolescent-reported maternal 
warmth/responsiveness 

 0.996 (0.036)  1.021 (0.045)  1.042 (0.051) 

Adolescent-reported parental 
control 

 1.020 (0.037)  0.912 (0.041) *  0.916 (0.046) 

Log Likelihood (null) -2238.5191   -1696.751 -1462.0756 

Log likelihood -2236.3233 -1689.8903 -1442.4387 

AIC   4536.647  3443.781  2948.877 

BIC  4732.324  3639.516  3144.555 

Effects of parent-adolescent relationships on Wave 4 outcomes (with mediator) 

Mother-reported relationship quality  0.962 (0.035)  1.002 (0.044)  0.982 (0.047) 

Adolescent-reported maternal 
warmth/responsiveness 

 0.996 (0.036)  1.021 (0.045)  1.042 (0.051) 

Adolescent-reported parental 
control 

 1.020 (0.037)  0.912 (0.041) *  0.916 (0.046) 

Effects of parent-adolescent relationships on alcohol consumption at Wave 4 

Mother-reported relationship quality  0.964 (0.015) *  0.964 (0.044) *  0.964 (0.015) * 

Adolescent-reported maternal 
warmth/responsiveness 

 0.979 (0.015) -0.021 (0.015)  0.979 (0.015) 

Adolescent-reported parental 
control 

 1.002 (0.016)  0.002 (0.016)   1.002 (0.016) 

Effects of alcohol consumption on Wave 4 outcomes  
 

Alcohol consumption  0.962 (0.035)  1.136 (0.050) **  1.181 (0.055) *** 

Log likelihood (null) -6683.8476 -6142.0795 -5907.4041 

Log likelihood -6681.6518 -6135.2188 -5887.7672 

AIC   13491.3  12398.44  11903.53 

BIC  13884.12  12791.25  12296.35 

N  3344  3350  3344 

Note:  * sig at 5%, ** sig at 1%, *** sig at 0.1%. All covariates are controlled in the model.  
1Blood pressure (BP) ≥ 120-139/80-89 mm Hg measured at Wave 4 interview. 2Respondents had 
been diagnosed by a clinician of having a hypertension or BP ≥ 140/90 mm Hg measured at Wave 4 
interview. 3BP ≥ 140/90 mm Hg measured at Wave 4 interview. 
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Appendix: Items in measurement scales 

Parenting Styles 

Mother-reported relationship quality (all measured on 5-point scales; 1=never, 2=seldom, 
3=sometimes, 4=often, 5=always) 

How often would it be true for you to make each of the following statement about your child: 

You get along well with him/her. 

Your child and you make decisions about his/her life together. 

You just do not understand him or her [reversed scale].  

You feel you can really trust him/her. 

Adolescent-reported maternal warmth/responsiveness (all measured on 5-point scales; 1=not at all, 
2=very little, 3=somewhat, 4=quite a bit, 5=very much) 

How much do you think she [your maternal figure] cares about you? 

How close do you feel to your [maternal figure]? 

Most of the time, your mother is warm and loving toward you. 

Your mother encourages you to be independent. 

When you do something wrong that is important, your mother talks about it with you and helps you 
understand why it is wrong. 

You are satisfied with the way your mother and you communicate with each other. 

Overall, you are satisfied with your relationship with your mother. 

Parental Control (all measured as yes/no) 

Do your parents let you make your own decisions about: 

The time you must be home on weekend nights  

The people you hang around with  

What you wear 

How much television you watch  

What time you go to bed on week nights 

Which television programs you watch 

What you eat  

Potential Mediator: Mental health problems  

 measured on a 5-point scale (1=never, 2=almost never, 3=sometimes, 4=fairly often, 5=very often) ;  
measured on a 4-point scale (1=never, 2=rarely, 3=sometimes, 4=often) 

 In the last 30 days, how often have you felt that you were unable to control the important things in 
your life? 

 In the last 30 days, how often have you felt confident in your ability to handle your personal problems? 

 In the last 30 days, how often have you felt that things were going your way? 

 In the last 30 days, how often have you felt that difficulties were piling up so high that you could not 
overcome them? 

 How often do you feel isolated from others? 

 In the past 7 days, you were bothered by things that usually don’t bother you. 

 You could not shake off the blues, even with help from your family and your friends, during the past 7 
days. 

 You felt that you were just as good as other people, during the past 7 days. 

 You had trouble keeping your mind on what you were doing, during the past 7 days. 

 You were depressed, during the past 7 days. 

 You were too tired to do things, during the past 7 days. 

 You felt happy, during the past 7 days. 

 You enjoyed life, during the past 7 days. 

 You felt sad, during the past 7 days. 

 You felt that people disliked you, during the past 7 days. 
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 In your day-to-day life, how often do you feel you have been treated with less respect or courtesy than 

other people? 

Source: National Longitudinal Study of Adolescent to Adult Health (Add Health), 1994-2008 [Public Use].  
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