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Abstract
Background: We sought to clarify the impact of adolescent alcohol misuse on adult 
physical health and subjective well-being. To do so, we investigated both the direct 
associations between adolescent alcohol misuse and early midlife physical health and 
life satisfaction and the indirect effects on these outcomes attributable to subse-
quent alcohol problems.
Method: The sample included 2733 twin pairs (32% monozygotic; 52% female) from 
the FinnTwin16 study. Adolescent alcohol misuse was a composite of frequency of 
drunkenness, frequency of alcohol use, and alcohol problems at ages 16, 17, and 18.5. 
The early midlife outcomes included somatic symptoms, self-rated health, and life sat-
isfaction at age 34. The mediators examined as part of the indirect effect analyses 
included alcohol problems from the Rutgers Alcohol Problem Index at ages 24 and 34. 
Serial mediation and co-twin comparison models were applied and included covari-
ates from adolescence and early midlife.
Results: There were weak direct associations between adolescent alcohol misuse and 
early midlife physical health and life satisfaction. However, there was stronger evi-
dence for indirect effects, whereby young adult and early midlife alcohol problems se-
rially mediated the relationship between adolescent alcohol misuse and early midlife 
somatic symptoms (β = 0.03, 95% CI [0.03, 0.04]), self-rated health (β = −0.02, 95% CI 
[−0.03, −0.01]), and life satisfaction (β = −0.03, CI [−0.04, −0.02]). These serial media-
tion effects were robust in co-twin comparison analyses.
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INTRODUC TION

Adolescence is a critical time for the initiation and progression of 
alcohol use (Swendsen et al., 2012), and adolescent alcohol misuse 
is associated with an increased risk of developing long-term sub-
stance use problems (Chen & Jacobson, 2012; Lee & Sher, 2018; 
Swendsen et al., 2012). Yet, the impact of adolescent alcohol mis-
use on indicators of adult physical health (e.g., somatic symptoms 
and subjective health) and subjective well-being (e.g., life satis-
faction) is less clear (Marshall,  2014; McCambridge et al.,  2011; 
Viner & Taylor, 2007). Prior studies of the health consequences of 
adolescent alcohol use, which have typically terminated in young 
adulthood, indicate that adolescent alcohol misuse and problems 
are associated with poorer self-rated health, more physical symp-
toms, lower life satisfaction (Rose et al., 2014), and poorer mental 
health and social functioning (Waldron et al., 2018). Clarifying the 
pathways through which adolescent alcohol use impacts physical 
health and subjective well-being beyond young adulthood has po-
tentially important implications for our understanding of the long 
reach of adolescent alcohol use and can be informative for appro-
priately timing interventions to mitigate the health consequences 
associated with early alcohol misuse.

Delineating the nature of associations between adolescent al-
cohol misuse and adult physical health and other indicators of well-
being raises two key questions. The first is whether the associations 
are direct (i.e., alcohol use during adolescence is associated with 
physical health and well-being) or indirect and mediated through 
subsequent drinking behaviors. It is well established that adolescent 
alcohol misuse is strongly associated with alcohol-related problems 
(e.g., alcohol consequences, alcohol misuse, alcohol dependence) in 
young adulthood and beyond (Boden et al., 2020; Newton-Howes & 
Boden, 2016; Newton-Howes et al., 2019). In turn, alcohol-related 
problems in young adulthood are associated with a host of health 
consequences, including a greater number of physical health con-
ditions (e.g., cardiovascular disease, headache, sleep problems) 
and poorer subjective and mental health (Patrick et al.,  2020; 
Piano,  2017). This pattern of associations suggests early alcohol 
use promotes a cascade of alcohol-related problems in young adult-
hood, and in turn later life negative physical health and well-being 
outcomes.

However, the bulk of the extant literature on the longitudinal 
consequences of adolescent alcohol use has focused on psychiat-
ric and substance use disorders and symptoms as outcomes. Given 
the evidence of direct associations between adolescent alcohol 

misuse and poor physical health and well-being in young adult-
hood (Aarons et al., 1999; Oesterle et al., 2004; Rose et al., 2014; 
Waldron et al.,  2017, 2018) as well as direct associations be-
tween adolescent alcohol misuse and other early midlife health 
outcomes (e.g., substance use disorder, depression, anxiety; 
Boden et al., 2020; Huurre et al., 2010), exploring long-reaching 
consequences of adolescent alcohol use on physical health and 
well-being remains a critical gap in the literature. Moreover, es-
tablishing that alcohol problems serially mediate the indirect 
effects of adolescent alcohol misuse on early midlife health out-
comes would provide strong evidence that targeted interventions 
centered on the prevention of alcohol misuse in adolescence may 
mitigate physical health consequences later in life (McCambridge 
et al., 2011).

A second key question is whether the associations between 
adolescent alcohol misuse and adult physical health and subjec-
tive well-being are robust to potentially confounding familial fac-
tors. These potentially confounding familial factors include shared 
genes (Edwards et al., 2017; Koopmans & Boomsma, 1996; Prescott 
& Kendler,  1999) and shared rearing environments ranging from 
urban/rural residency and the neighborhood schools one attends, 
to adversities such as the experience of parental divorce (Amato & 
Keith, 1991) or low socioeconomic status that could influence the 
propensity to use alcohol as well as the likelihood of poor health 
(Rose et al., 2014; Waldron et al., 2017, 2018). Co-twin compari-
sons provide a useful inferential tool for this purpose. The logic of 
this type of analysis is to examine whether differences between 
twin siblings in a purported risk factor, such as adolescent alco-
hol misuse, map onto differences in their physical health and life 
satisfaction outcomes. The distinct inferential advantage of a co-
twin comparison design is that it permits examination of whether 
predictors are robust after controlling for the genetic and shared 
environmental factors that twin siblings share, enabling stronger 
inferences not possible in standard epidemiological designs of un-
related individuals (McGue et al., 2010; Rutter et al., 2001). The 
results from prior co-twin comparison studies of the associations 
between adolescent alcohol misuse and health outcomes in young 
adulthood (e.g., physical symptoms, life satisfaction, subjective 
health, mental health, social functioning) suggest some degree of 
genetic confounding, meaning shared genetic factors contribute 
to both (Irons et al., 2015; Rose et al., 2014; Waldron et al., 2017, 
2018). This underscores the utility of genetically informative de-
signs for strengthening inferences about the impact of adolescent 
alcohol misuse. Such knowledge is important for understanding 

Conclusions: These results provide evidence that alcohol problems are a primary 
driver linking adolescent alcohol misuse and poor health outcomes across the lifespan.
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whether preventive interventions for alcohol misuse in adoles-
cence may mitigate long-term health consequences with the abil-
ity to control for unmeasured confounders apart of the co-twin 
comparisons design and thus allow for stronger inferences made 
about the nature of the associations between adolescent alcohol 
use and early midlife health outcomes (Jacob et al.,  2021; Yap 
et al., 2011).

In a large population-based sample of twins, we examined the 
nature of the associations between adolescent alcohol misuse and 
physical health and life satisfaction outcomes in early midlife (i.e., 
the mid-30s). We had two aims:

1.	 To establish, in a population-based sample, whether the asso-
ciations between adolescent alcohol misuse and early midlife 
physical health and life satisfaction are direct, or whether they 
are indirect and mediated through adult alcohol problems.

2.	 To use a co-twin comparison design to evaluate whether the as-
sociations between adolescent alcohol misuse and early midlife 
physical health and life satisfaction are robust to latent genetic 
and shared environmental confounders, as well as measured con-
founders (body mass index [BMI] and smoking).

MATERIAL S AND METHODS

Sample

Participants were from FinnTwin16, a population-based longitudi-
nal study of Finnish twins born from 1975 to 1979 (Kaprio, 2013; 
Kaprio et al.,  2002). Twins were identified from the Population 
Information System at the Digital and Population Data Services 
Agency, Finland. For the first round of data collection, 3215 
twin pairs were contacted who resided in Finland at the time of 
baseline assessment at age 16 and lived with one or both parents 
(Kaidesoja et al., 2019). Baseline assessments at age 16 had a high 
participation rate of 88%, yielding a total of 2733 twin pairs for 
baseline data. The twins then completed the second and third-
wave questionnaires when they were 17 and 18.5 years old, re-
spectively. The fourth wave questionnaire was completed when 
twins were young adults at a mean age of 24. Lastly, the fifth wave 
questionnaire was completed when twins were aged between 32 
and 38, with a mean age of 34. Retention rates across the waves 
were the following: age 17 (97% retention), age 18.5 (97% reten-
tion), young adulthood (mean age 24, 88% retention), and early 
mid-life (mean age 34, 79% retention). Zygosity was determined 
via two validated items in the baseline questionnaire sent to twins 
and their parents. Items included similarity of their appearance in 
childhood and confusion by strangers, classmates, and teachers. 
DNA was obtained to confirm zygosity in >750 same-sex pairs 
who participated in laboratory protocols. The Indiana University 
IRB and Ethics Committee of the University of Helsinki or Hospital 
District of Central Finland approved study protocols.

Measures

An adolescent alcohol misuse index (AUI) was modeled after 
Vachon et al. (2017) and was based on three indicators: frequency 
of intoxication (1-item: “how often do you get really drunk,” with 
a 4-point ordinal response option, ranging from “once a week or 
more” to “never”), frequency of alcohol use (1- item: “how often 
do you drink alcohol at all,” with a 9-point ordinal response option 
ranging from “daily” to “I don't drink at all”), and alcohol problems 
as measured with an abbreviated version of the Rutgers Alcohol 
Problem Index (RAPI; White & Labouvie, 1989). Frequency of al-
cohol use and intoxication was assessed at ages 16, 17, and 18.5. 
Adolescent alcohol problems were measured at age 17, with a total 
of five items, each with a yes/no response option. Sum scores 
were calculated and participants missing more than two items 
were coded as missing. To create the AUI, maximum values for fre-
quency of intoxication and alcohol use were selected (separately 
for misuse and frequency) by selecting the highest value across 
the ages 16, 17, and 18.5 assessments. A factor score of adoles-
cent frequency of intoxication, frequency of alcohol use, and al-
cohol problems was then calculated using the confirmatory factor 
analysis (CFA) approach. To do this, we used the “cfa” function in 
the R {lavaan} package, where we used maximum likelihood esti-
mation, with a comparative fit index >0.90 and a standardized root 
mean squared residual <0.08 as criteria for an acceptable model 
fit (Hu & Bentler, 1999). Next, we used the “lavPredict” function 
in “lavaan” to derive factor scores for the full sample based on 
the three alcohol use indicators. Lastly, the “quantcut” function in 
{gtools}package was used to split the factor scores into quantiles 
(Warnes et al., 2015). The quantile variable was used for the pri-
mary analyses.

Young adult and early midlife alcohol problems were measured 
using the RAPI at ages 24 and 34 (White & Labouvie, 1989), which 
consists of 22 items assessing dependence, withdrawal, blackouts, 
neglect of responsibilities, inappropriate behaviors, and shame or 
embarrassment because of drinking. Participants reported their 
experience of each alcohol consequence on a 4-point Likert-type 
scale, ranging from “never” to “quite often.” Pro-rated sums were 
calculated yielding total scores from 22 to 88 for ages 24 and 34, 
separately. Participants missing more than four items were coded 
as missing.

Early midlife physical health and life satisfaction were mea-
sured at age of 34. Physical health was assessed with two mea-
sures: somatic symptoms and self-rated health. Somatic symptoms 
(e.g., stomachaches, tension or nervousness, low back pain) were 
measured with 6-items using a 4-point Likert-type scale for each 
symptom, ranging from “seldom or never” to “nearly every day.” 
Pro-rated sums were calculated yielding total scores from 6 to 
24 (α = 0.71), with higher scores indicating higher somatic symp-
toms (Silventoinen et al.,  2007). Participants missing more than 
two items were coded as missing. Self-rated health was assessed 
using one item on a 5-point Likert-type scale, ranging “very poor” 
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to from “very good,” with higher scores indicating good health 
(Silventoinen et al., 2007). Life satisfaction was measured using a 
5-item questionnaire with 7-point Likert-type scale response op-
tions ranging from “much less than usual” to “better than usual” 
(Diener et al., 1985). Sum scores were calculated yielding scores 
from 5 to 35 (α = 0.91), with higher scores indicating high life sat-
isfaction. Participants missing more than two items were coded 
as missing.

Adolescent covariates included sex and adolescent BMI and cig-
arette use, measured using the maximum values across ages 16, 17, 
and 18.5. These covariates were selected in view of prior evidence 
that adolescents with higher cigarette use are at an increased risk for 
later alcohol misuse (Huurre et al., 2010; Merline et al., 2008), while 
higher BMI is related to fewer alcohol problems in adolescence and 
young adulthood (Duncan et al., 2009; Gearhardt et al., 2018). More 
broadly, high BMI and cigarette use are typically associated with 
poorer health and life satisfaction (Constance Wiener et al., 2016; 
Juon et al.,  2002; Kleiner et al.,  2004; Simmonds et al.,  2015). 
Cigarette use at age 16 was assessed using 1-item: “which of the 
following best describes your present smoking habits” with five re-
sponse options ranging from “I have never smoked” to “I smoke once 
or more daily.” Due to sparseness, the “I have stopped smoking at the 
moment or have quit entirely” response option was combined with 
the “I have never smoked” option. Cigarette use measured at ages 17 
and 18.5 also included the response option “I smoked at least 10 cig-
arettes a day,” which was combined with “I smoke every day, but no 
more than 9 cigarettes per day” to remain consistent with the age 16 
survey. BMI at ages 16, 17, and 18.5 was assessed by dividing partici-
pants' self-reported weight in kilograms by height in meters squared.

We also controlled for a series of early midlife covariates includ-
ing relationship status, educational attainment, economic standing, 
employment, current cigarette use, and other drug use by age 34. 
Relationship status at age 34 was assessed using 1-item: “for how 
long has your relationship with your current spouse lasted?,” with 
options of “I'm not going steady with somebody” or “I'm going steady 
or I'm married or living together with somebody.” Educational attain-
ment at age 34 was assessed with four category options: (1) Primary 
education: elementary school and completed over a 9-year period, 

(2) Secondary education: an additional 2 to 3 years of education, (3) 
Vocational School: a total of 13 to 16 years if total education, and (4) 
highest level of education, falling under masters of Doctoral level. 
For educational attainment, a dummy code variable was created with 
primary education selected as the reference group. Economic stand-
ing at age 34 was assessed using 1-item: “at present what is your 
economic living like,” with five point-Likert scale response option 
ranging from “very good” to “very poor.” Employment at age 34 was 
assessed using 1-item: “are you currently” with response options of 
employed, stay-at-home mother/father, student, and unemployed/
retired. For employment, a dummy code variable was created with 
employment selected as the reference group. Current cigarette use 
at age 34 was measured using 1-item: “which of the following al-
ternatives describes best your current use of cigarettes” with five 
response options ranging from “I have never smoked” to “I smoke 
once or more daily.” For analyses, the response options of “I have 
stopped or quit smoking” and “I have never smoked” were collapsed 
into one item to represent current nonsmoking. Lastly, other drug 
use by age 34 was assessed using 1-item: “have you ever used hash, 
marijuana or other drugs or e.g., sniffed glue?,” with five response 
options ranging from “not once” to “20 times or more.”

Statistical analyses

The preregistered analytic plan and a summary of the rationale for 
subsequent modifications can be viewed through the Open Science 
Framework (doi: 10.17605/OSF.IO/T8WC9). Consistent with our study 
preregistration, we first examined the associations between adolescent 
alcohol misuse and early midlife health and life satisfaction outcomes 
with zero order-correlations. Based on patterns of zero-order corre-
lations, we modified our preregistered analytic plan (which originally 
focused on decomposing the direct associations between adolescent 
alcohol use and early midlife health outcomes) to instead implement 
serial multiple mediational models (Figure 1) to examine young adult 
and early midlife alcohol problems as mediators of the association be-
tween adolescent alcohol misuse and early midlife outcomes using the 
“sem” function in the R lavaan package (Rosseel, 2012).

F I G U R E  1  Conceptual diagram of serial multiple mediator model. YA, Young Adult; EM, Early Midlife. The serially mediated indirect effect 
of interest consists of the following pathways: adolescent alcohol misuse to young adult alcohol problems (a1), young adult alcohol problems 
to early midlife alcohol problems (d21), and early midlife alcohol problems to early midlife physical health and life satisfaction (b2). The direct 
association between adolescent alcohol misuse and the early midlife physical health and life satisfaction outcomes is captured with path (c). 
Covariates included adolescent BMI, cigarette use, and sex as well as a series of early midlife covariates on the EM outcomes.

YA Alcohol 
Problems

EM Alcohol 
Problems 

Alcohol Use 
Index

EM Outcome

a1

d21

c

b2
b1a2
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Serial mediation refers to multiple mediators in a hypothesized 
pathway of interest, where the focal predictor (i.e., adolescent alco-
hol misuse) affects the outcome through its effects on a mediator 
(i.e., young adult alcohol problems), which in turn affects another 
mediator (i.e., early midlife alcohol problems; Hayes,  2013). Thus, 
the serial indirect effect of interest consists of the multiple indi-
rect effects (i.e., adolescent alcohol misuse to young adult alcohol 
problems (a1), young adult alcohol problems to early midlife alcohol 
problems (d21), and early midlife alcohol problems to early midlife 
physical health and life satisfaction (b2)). Associations between ad-
olescent alcohol misuse and early midlife alcohol problems (a2) and 
young adult alcohol problems to early midlife outcomes (b1) were in-
cluded as well. The direct effect (c) reflects the association between 
adolescent alcohol misuse and the early midlife physical health and 
life satisfaction outcomes. Separate serial mediation models were 
tested for early midlife somatic symptoms, self-rated health, and life 
satisfaction. Sex, adolescent cigarette use, and BMI as well as early 
midlife relationship status, educational attainment, economic stand-
ing, employment, current cigarette use, and other drug use by age 34 
were included as covariates in the serial mediation models.

Finally, to examine whether serial mediation effects observed in 
the epidemiological sample remained statistically significant after 
controlling for genetic and shared environmental confounders, we 
re-ran the serial mediation models in a co-twin control comparison 
framework to examine whether differences in adolescent alcohol 
misuse within twin pairs predicted differences in early midlife phys-
ical health and life satisfaction. This was done by calculating twin 
difference scores for each measure in the serial mediation models 
using the R dplyr package (Wickham et al., 2021). The co-twin com-
parison is captured by the twin difference score. Sex, adolescent 
cigarette use, BMI, and a series of early midlife covariates were in-
cluded as covariates in serial mediation models. We ran the co-twin 
comparison models in two stages. In the first stage, we included 
both monozygotic (MZ) and dizygotic (DZ) pairs. In the second stage, 
we restricted the co-twin comparisons to MZ twins only. MZ twins 
share all of their genetic variation identical-by-descent; accordingly, 
co-twin comparisons within this subsample provides the most strin-
gent control of potential genetic confounds.

RESULTS

Descriptive statistics

Table  1 summarizes descriptive information about the key study 
measures. Approximately 52% of the participants were female and 
32% were MZ twins. Zero order correlations among all study meas-
ures are shown in the Supporting Information (Table S1). Of interest, 
although adolescent alcohol misuse was associated at a statisti-
cally significant level with early midlife somatic symptoms (r = 0.07, 
95% CI [0.04, 0.10]) and self-rated health (r = −0.05, 95% CI [−0.08, 
−0.02]), the associations were of very modest effect. Adolescent al-
cohol misuse was not associated with early midlife life satisfaction at 

a statistically significant level (r = −0.01, 95% CI [−0.04, 0.02]). At the 
zero-order level, a pattern emerged where higher adolescent alco-
hol misuse was associated with higher young adult alcohol problems 
(r = 0.39, 95% CI [0.36, 0.41]). In turn, young adult alcohol problems 
were associated with greater early midlife alcohol problems (r = 0.56, 
95% CI [0.53, 0.58]). Early midlife alcohol problems were associated 
with more somatic symptoms (r = 0.18, 95% CI [0.15, 0.21]), lower 
self-rated health (r = −0.18, 95% CI [−0.21, −0.14]), and lower life sat-
isfaction (r = −0.28, 95% CI [−0.31, −0.25]). Lastly, twin sibling pair 
correlations are shown in Supporting Information (Table S2). In gen-
eral, and as expected, MZ twin pairs more closely resembled each 
other across all the outcomes, compared to DZ twin pairs.

Serial mediation results

The pattern of associations observed in simple correlations sug-
gested a potential indirect effect of adolescent alcohol misuse on 
early midlife physical health and life satisfaction that is transmitted 
via young adult and early midlife alcohol problems. This was further 
explored in serial mediation analyses. As summarized in Table  2 
and illustrated in Supporting Information (Figure  S1), young adult 
and early midlife alcohol problems fully serially mediated the effect 
of adolescent alcohol misuse on early midlife somatic symptoms 
(β = 0.03, 95% CI [0.03, 0.04]) and self-rated health (β = −0.02, 95% 
CI [−0.03, −0.01]), and partially serially mediated the effect of ado-
lescent alcohol misuse on early midlife life satisfaction (β = −0.03, 
95% CI [−0.04, −0.02]). Mirroring the effects observed in the zero-
order correlations, the direct associations between adolescent alco-
hol misuse and somatic symptoms (β = −0.01, 95% CI [−0.05, 0.04]) 
and self-rated health (β = 0.01, 95% CI [−0.03, 0.06]) were not sta-
tistically significant. In contrast to the zero-order correlations, the 
association between adolescent alcohol misuse and early midlife 
life satisfaction was significant and positive in the serial mediation 
model (β = 0.08, 95% CI [0.04, 0.11]).

With respect to effect sizes (r-squared), in the somatic symp-
toms model, adolescent alcohol misuse accounted for 0.5% of the 
variance, the covariates accounted for an additional 8.7% of the 
variance, and the mediators accounted for an additional 3.6% of the 
variance. In the self-rated health model, adolescent alcohol misuse 
accounted for 0.3% of the variance and the covariates accounted 
for an additional 10.6% of the variance; however, the addition of the 
mediators did not appreciably increase the variance accounted for. In 
the life satisfaction model, adolescent alcohol use accounted for 0% 
of the variance, the covariates accounted for 26.3% of the variance, 
and the mediators accounted for an additional 0.7% of the variance.

With respect to covariates, higher adolescent BMI was associ-
ated with greater early midlife somatic symptoms, lower early midlife 
self-rated health, and lower early midlife life satisfaction. Adolescent 
cigarette use was not associated to early midlife outcomes. For sig-
nificant sex effects, males had fewer somatic symptoms, and lower 
life satisfaction compared to females. Of the early midlife covariates, 
relationship status was significantly associated with life satisfaction, 
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TA B L E  1  Descriptive statistics for study measures

Measure
Full sample 
(mean/N) Female (mean/N) Male (mean/N) Sex difference (t/χ2)

Alcohol measures

Adolescent alcohol use index 5.43 5.26 5.61 t = −4.58

Young adult alcohol problems 27.78 26.46 29.36 t = −13.75

Early midlife alcohol problems 25.53 24.39 26.99 t = −12.72

Early midlife outcomes

Life satisfaction 24.4 24.98 23.66 t = 6.06

Somatic symptoms 10.8 11.37 10.07 t = 12

Self-rated health χ2 = 2.54

Very poor 11 7 4

Fairly poor 98 61 37

Moderate 617 339 278

Fairly good 2296 1278 1018

Very good 849 484 365

Adolescent covariates

BMI 21.62 21.24 22.01 t = −10.60

Cigarette use χ2 = 44.05

I have never smoked, or I have smoking at the 
moment

2882 1486 1396

I smoke less often than once a week 658 401 257

I smoke once or more a week, but not every day 400 235 165

I smoke once or more daily 1682 794 888

Early midlife covariates

Yes partnership 3131 1796 1335 χ2 = 8.99

No partnership 716 366 350

Economic standing 4.97 2.58 2.39 t = 6.46

Educational attainment

Primary education 965 443 522

Secondary education 709 366 343

Vocational education 1134 702 432

Masers or Doctorate 1076 663 413

Employment

Employed 2973 1519 1454

Stay at home 333 325 8

Student 163 104 59

Unemployed 408 223 185

Cigarette use χ2 = 50.12

I have never smoked or have stopped 2773 1651 1122

I smoke less frequent than once a week 204 87 117

I smoke once a week or more often, though 
not daily

178 89 89

I smoke daily 686 328 358

Other drug use χ2 = 78.62

No 2872 1713 1159

1 to 3 times 588 286 302

4 to 9 times 158 80 78

10 to 19 times 73 33 40

More than 20 times 147 42 105

Note: Bolded values indicate significant sex difference, p < 0.001.
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where individuals in a relationship reported higher life satisfaction 
relative to those not in a relationship but was not associated with 
somatic symptoms or self-rated health. For educational attainment, 

individuals who had a Masters or Doctorate had higher self-rated 
health compared to those who completed primary education. Poorer 
economic standing was significantly associated with higher somatic 

TA B L E  2  Estimates for serial mediation model in epidemiological sample

Somatic symptoms (N = 3437) Self-rated health (N = 3455) Life satisfaction (N = 3459)

β 95% CI β 95% CI β 95% CI

Direct effects

AUI to YA Alc Prob(a1) 0.38 [0.35, 0.40] 0.38 [0.36, 0.40] 0.38 [0.35, 
0.40]

AUI to EM Alc Prob(a2) 0.06 [0.03, 0.09] 0.06 [0.03, 0.09] 0.06 [0.03, 
0.09]

YA Alc Prob to EM Alc Prob(d21) 0.53 [0.51, 0.56] 0.53 [0.51, 0.56] 0.53 [0.51, 
0.56]

YA Alc Prob to EM outcome (b1) 0.05 [0.01, 0.10] −0.01 [−0.05, 0.03] −0.05 [−0.09, 
−0.02]

EM Alc Prob to EM outcome 
(b2)

0.17 [0.13, 0.20] −0.11 [−0.15, −0.07] −0.15 [−0.18, 
−0.11]

AUI to EM outcome −0.01 [−0.05, 0.04] 0.01 [−0.03, 0.06] 0.08 [0.04, 
0.11]

Indirect effect

AUI via YA and EM alcohol 
Prob (a1 * d21 * b2)

0.03 [0.03, 0.04] −0.02 [−0.03, −0.01] −0.03 [−0.04, 
−0.02]

Adolescent covariates

BMI to EM outcome 0.04 [0.00, 0.07] −0.12 [−0.15, −0.09] −0.03 [−0.06, 
0.00]

Cigarette use to EM outcome 0.03 [−0.01, 0.07] 0.01 [−0.04, 0.06] 0.00 [−0.04, 
0.04]

Sex to EM outcome −0.22 [−0.25, −0.19] 0.03 [−0.01, 0.06] −0.05 [−0.08, 
−0.02]

Early midlife covariates

EM rel status to EM outcome 0.02 [−0.01, 0.05] 0.01 [−0.02, 0.05] 0.31 [0.28, 
0.34]

EM econ standing to EM 
outcome

0.16 [0.12, 0.19] −0.21 [−0.24, −0.17] −0.29 [−0.33, 
−0.26]

Educational attainment

Secondary education 0.02 [−0.02, 0.06] 0.00 [−0.04, 0.04] −0.01 [−0.04, 
0.03]

Vocational education 0.02 [−0.02, 0.06] 0.03 [−0.01, 0.08] 0.02 [−0.02, 
0.06]

Masers or Doctorate 0.02 [−0.03, 0.06] 0.06 [0.01, 0.10] 0.02 [−0.02, 
0.06]

Employment

Stay at home 0.01 [−0.03, 0.04] 0.00 [−0.04, 0.03] 0.09 [0.06, 
0.12]

Student 0.02 [−0.01, 0.05] −0.01 [−0.05, 0.02] −0.01 [−0.04, 
0.03]

Unemployed 0.02 [−0.02, 0.05] −0.06 [−0.09, −0.03] 0.00 [−0.03, 
0.03]

EM cigarette use 0.00 [−0.04, 0.04] −0.07 [−0.10, −0.03] −0.00 [−0.03, 
0.04]

EM other drug use 0.02 [−0.02, 0.05] 0.01 [−0.02, 0.05] −0.06 [−0.09, 
−0.03]

Note: AUI, Alcohol Use Index; YA, Young Adult; EM, Early Midlife; Alc Prob, Alcohol Problems; Rel, Relationship; Econ, Economic. Bolded values 
indicate p < 0.05.
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symptoms, lower self-rated health, and lower life satisfaction. For 
employment, being a stay-at-home mother/father was significantly 
associated with higher life satisfaction relative to being employed. In 
addition, being unemployed was significantly associated with poorer 
self-rated health compared to being employed. Current cigarette use 
at age 34 was significantly associated with poorer self-rated health, 
but not with somatic symptoms or life satisfaction. Other drug use 
by age 34 was significantly associated with lower life satisfaction, 
but not with somatic symptoms or self-rated health.1

Co-Twin comparison serial mediation models

Following the serial mediation models in the epidemiological sam-
ple, we conducted a series of co-twin comparison serial mediation 
models to assess whether the indirect effects of adolescent alcohol 
misuse on early midlife physical health and life satisfaction remained 
statistically significant when controlling for the genetic and environ-
mental factors that twin siblings share. In total, there were 449 MZ 
and 778 DZ twin pairs for the somatic symptoms co-twin compari-
son serial mediation model with complete data, 450 MZ and 785 DZ 
twin pairs for the self-rated health co-twin comparison serial media-
tion model with complete data, and 444 MZ and 788 DZ twin pairs 
for life satisfaction co-twin comparison serial mediation model with 
complete data. As summarized in Table 3, the effects observed in the 
epidemiological sample remained significant in the co-twin compari-
son models. Within families, adolescent alcohol misuse was serially 
mediated by young adult and early midlife alcohol problems to pre-
dict early midlife somatic symptoms (β = 0.02, 95% CI [0.01, 0.02]), 
self-rated health (β = −0.01, 95% CI [−0.014, −0.006]), and life sat-
isfaction (β = −0.02, 95% CI [−0.02, −0.01]). In the co-twin compari-
son models, adolescent alcohol misuse was not directly positively 
associated at a statistically significant level with somatic symptoms 
(β = −0.03, 95% CI [−0.06, 0.01]), self-rated-health (β = 0.01, 95% CI 
[−0.03, 0.05]), nor life satisfaction (β = 0.01, 95% CI [−0.02, 0.05]).

Higher adolescent BMI was associated with lower self-rated 
health but was not associated with somatic symptoms or life satis-
faction. Adolescent cigarette use was associated with higher early 
midlife somatic symptoms, but was not associated with self-rated 
health or life satisfaction. Males had fewer somatic symptoms com-
pared to females, but there were no statistically significant sex dif-
ferences for self-rated health or life satisfaction. Of the early midlife 
covariates, relationship status was significantly associated with life 
satisfaction, where individuals in a relationship reported higher 
life satisfaction relative to those not in a relationship. Educational 
attainment was not significantly associated with early midlife out-
comes. Poorer economic standing was significantly associated with 
higher somatic symptoms, and lower self-rated health and life satis-
faction. For employment, being a stay-at-home mother/father was 
significantly associated with higher life satisfaction relative to being 
employed. Current cigarette use at age 34 was significantly associ-
ated with lower self-rated health and lower life satisfaction, but not 
with somatic symptoms. Other drug use by age 34 was significantly 

associated with lower somatic symptoms and lower life satisfaction, 
but not with self-rated health.

As summarized in Table 4, the serially mediated indirect effects 
of adolescent alcohol misuse on early midlife somatic symptoms 
(β  =  0.006, 95% CI [0.002, 0.009]), self-rated health (β  =  −0.002, 
95% CI [−0.005, 0.000]) and life satisfaction (β  =  −0.006, 95% CI 
[−0.010, −0.003]) remained significant in the MZ-only co-twin com-
parison models. In these models, adolescent alcohol misuse was not 
directly associated at a statistically significant level with somatic 
symptoms (β  =  −0.01, 95% CI [−0.07, 0.05]) or self-rated health 
(β = 0.05, 95% CI [−0.02, 0.11]). There was, however, an association 
between adolescent alcohol misuse and life satisfaction (β = 0.10, 
95% CI [0.04, 0.16]).

Neither the adolescent BMI, cigarette use, nor sex were asso-
ciated with early midlife outcomes. Of the early midlife covariates, 
relationship status was significantly associated with life satisfaction, 
where individuals in a relationship reported higher life satisfaction 
relative to those not in a relationship. Educational attainment was not 
significantly associated with early midlife outcomes. Poor economic 
standing was significantly associated with higher somatic symptoms, 
lower self-rated health, and lower life satisfaction. There were no sig-
nificant effects of employment on early midlife outcomes. Current 
cigarette use at age 34 was significantly associated with lower so-
matic symptoms and lower life satisfaction, but not with self-rated 
health. Other drug use by age 34 was associated with lower somatic 
symptoms and lower life satisfaction, but not with self-rated health.

DISCUSSION

In a population-based sample of twins, we aimed to delineate the 
associations between adolescent alcohol misuse and early midlife 
health outcomes and life satisfaction. In addition, we aimed to evalu-
ate whether these associations were robust to potential genetic and 
shared environmental familial confounders.

Our first goal was to characterize the associations among ado-
lescent alcohol misuse and early midlife physical health and life sat-
isfaction. In zero-order correlations, there were weak associations 
between adolescent alcohol misuse and early midlife physical health 
(i.e., somatic symptoms, self-rated health) and life satisfaction. Given 
robust evidence in prior literature finding longitudinal consequences 
and direct effects of adolescent alcohol use on later life substance 
use and mental health-related outcomes, our findings suggest adoles-
cent alcohol use may influence long-term physical health outcomes 
and life satisfaction in an indirect pathway rather than directly. This 
was supported by patterns identified in zero-order correlations 
which indicated a potentially indirect pathway from adolescent al-
cohol misuse to early midlife physical health and life satisfaction. 
Consistent with prior evidence linking adolescent alcohol misuse and 
adult alcohol problems (Boden et al., 2020; Duncan et al., 1997; Irons 
et al.,  2015), we found that adolescent alcohol misuse was associ-
ated with higher alcohol problems in young adulthood. In turn, young 
adulthood problems were associated with higher early midlife alcohol 
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problems, which were associated with poorer early midlife physical 
health and life satisfaction. These latter effects are consistent with 
prior evidence that alcohol-related problems in young adulthood are 

associated with poor physical and mental health and lower life satis-
faction in early midlife (Fergusson et al., 2015; Koivumaa-Honkanen 
et al., 2012; Patrick et al., 2020; Swain et al., 2012).

TA B L E  3  Estimates for co-twin serial mediation models

Somatic symptoms (N = 3079) Self-rated health (N = 3079) Life satisfaction (N = 3079)

β 95% CI β 95% CI β 95% CI

Direct effects

AUI to YA Alc Prob (a1) 0.27 [0.24, 0.30] 0.27 [0.24, 0.30] 0.27 [0.24, 
0.30]

AUI to EM Alc Prob(a2) 0.06 [0.03, 0.10] 0.06 [0.03, 0.10] 0.06 [0.03, 
0.10]

YA Alc Prob to EM Alc 
Prob(d21)

0.36 [0.32, 0.39] 0.36 [0.32, 0.39] 0.36 [0.32, 
0.39]

YA Alc Prob to EM outcome 
(b1)

0.03 [0.00, 0.07] 0.00 [−0.04, 0.04] −0.02 [−0.06, 
0.01]

EM Alc Prob to EM outcome 
(b2)

0.16 [0.12, 0.20] −0.10 [−0.14, −0.06] −0.19 [−0.22, 
–0.15]

AUI to EM outcome −0.03 [−0.06, 0.01] 0.01 [−0.03, 0.05] 0.01 [−0.02, 
0.05]

Indirect effect

AUI via YA and EM alcohol 
Prob (a1 * d21 * b2)

0.02 [0.01, 0.02] −0.01 [−0.014, −0.006] −0.02 [−0.02, 
−0.01]

Adolescent covariates

BMI to EM outcome −0.03 [−0.07, 0.00] −0.05 [−0.09, −0.02] −0.01 [−0.04, 
0.03]

Cigarette use to EM outcome 0.06 [0.02, 0.09] 0.00 [−0.04, 0.04] 0.02 [−0.02, 
0.05]

Sex to EM outcome −0.10 [−0.14, −0.07] 0.02 [−0.02, 0.06] −0.00 [−0.04, 
0.03]

Early midlife covariates

EM Rel status to EM 
Outcome

0.01 [−0.03, 0.04] 0.02 [−0.01, 0.06] 0.18 [0.15, 
0.21]

EM Econ Standing to EM 
Outcome

0.15 [0.12, 0.19] −0.16 [−0.19, −0.12] −0.27 [−0.31, 
−0.24]

Educational attainment

Secondary education −0.01 [−0.05, 0.03] −0.01 [−0.05, 0.03] 0.02 [−0.02, 
0.06]

Vocational education −0.01 [−0.05, 0.03] 0.01 [−0.04, 0.06] 0.01 [−0.03, 
0.06]

Masters or Doctorate −0.02 [−0.06, 0.02] 0.02 [−0.02, 0.07] 0.02 [−0.02, 
0.07]

Employment

Stay at home −0.01 [−0.05, 0.02] 0.01 [−0.03, 0.05] 0.04 [0.01, 
0.08]

Student 0.03 [−0.01, 0.06] 0.00 [−0.03, 0.04] 0.02 [−0.02, 
0.05]

Unemployed 0.04 [0.00, 0.07] −0.02 [−0.06, 0.01] 0.02 [−0.02, 
0.05]

EM cigarette use −0.03 [−0.07, 0.02] −0.04 [−0.08, 0.00] −0.06 [−0.10, 
−0.03]

EM other drug use −0.05 [−0.09, −0.02] 0.01 [−0.03, 0.05] −0.06 [−0.09, 
−0.03]

Note: AUI, Alcohol Use Index; YA, Young Adult; EM, Early Midlife; Alc Prob, Alcohol Problems; Rel, Relationship; Econ, Economic. Bolded values 
indicate p < 0.05.
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The pattern of associations observed in the zero-order correla-
tions indicated that the impact of adolescent alcohol misuse on later 
life health may be transmitted via alcohol problems in young adult-
hood and early midlife. In formal tests of this using serial mediation 
models, we found that alcohol problems in young adulthood and 
early midlife serially mediated the associations between adolescent 
alcohol misuse and early midlife physical health and life satisfaction. 
Notably, there was a direct effect between adolescent alcohol and 
early midlife life satisfaction, but not somatic symptoms or self-rated 
health. This is consistent with a prior study that found a direct asso-
ciation between adolescent alcohol misuse and early midlife depres-
sion, anxiety, and poorer psychosocial outcomes (e.g., lower levels 
of educational attainment, increased risk of receiving welfare ben-
efits; Boden et al., 2020), and suggests adolescent alcohol use may 
be a particularly salient influence on well-being into later adulthood. 

Moreover, the magnitude of effects of the alcohol problem serial 
mediators in the epidemiological models was modest and negligible 
for life satisfaction and self-rated health, and moderate for somatic 
symptoms. Taken together, our results suggest adolescent alcohol 
misuse sets the stage for later life alcohol problems, which in turn has 
negative consequences for early midlife physical health and life sat-
isfaction. However, it should be noted that the magnitude of effects 
of the alcohol problem serial mediators in the epidemiological models 
were modest and negligible for life satisfaction and self-rated health, 
and moderate for somatic symptoms.

Our second goal was to examine whether these associations re-
mained statistically significant after controlling for factors that might 
confound the associations between adolescent alcohol misuse and 
poor health outcomes later in life. There is evidence that genetic fac-
tors and shared familial experiences (e.g., parental divorce, urban/

TA B L E  4  Estimates for co-twin serial mediation models in monozygotic twins only

Somatic symptoms (N = 1027) Self-rated health (N = 1027) Life satisfaction (N = 1027)

β 95% CI β 95% CI β 95% CI

Direct effects

AUI to YA Alc Prob(a1) 0.22 [0.16, 0.28] 0.22 [0.16, 0.28] 0.22 [0.16, 0.28]

AUI to EM Alc Prob(a2) 0.01 [−0.06, 0.07] 0.01 [−0.06, 0.07] 0.01 [−0.05, 0.07]

YA Alc Prob to EM Alc 
Prob(d21)

0.16 [0.10, 0.22] 0.16 [0.10, 0.22] 0.16 [0.11, 0.22]

YA Alc Prob to EM outcome 
(b1)

0.01 [−0.05, 0.07] −0.04 [−0.11, 0.02] −0.06 [−0.12, 0.00]

EM Alc Prob to EM outcome 
(b2)

0.16 [0.10, 0.22] −0.07 [−0.13, −0.01] −0.17 [−0.23, −0.12]

AUI to EM outcome −0.01 [−0.07, 0.05] 0.05 [−0.02, 0.11] 0.10 [0.04, 0.16]

Indirect effect

AUI via YA and EM alcohol 
Prob (a1 * d21 * b2)

0.006 [0.002, 0.009] −0.002 [−0.005, 0.000] −0.006 [−0.010, 
−0.003]

Adolescent covariates

Adol BMI to EM outcome 0.04 [−0.02, 0.10] −0.06 [−0.12, 0.01] 0.00 [−0.06, 0.06]

Adol cigarette to EM outcome 0.04 [−0.02, 0.11] 0.03 [−0.04, 0.09] 0.05 [−0.01, 0.11]

Sex −0.02 [−0.08, 0.05] 0.01 [−0.05, 0.07] 0.02 [−0.03, 0.08]

Early midlife covariates

EM Rel status to EM outcome −0.05 [−0.11, 0.01] 0.05 [−0.02, 0.11] 0.16 [0.10, 0.21]

EM Econ standing to EM 
outcome

0.09 [0.03, 0.15] −0.09 [−0.15, −0.02] −0.23 [−0.29, −0.17]

Educational attainment

Secondary education −0.07 [−0.14, 0.01] 0.03 [−0.04, 0.11] 0.05 [−0.02, 0.12]

Vocational education −0.04 [−0.12, 0.04] 0.01 [−0.08, 0.09] 0.02 [−0.05, 0.10]

Masers or doctorate −0.03 [−0.11, 0.05] 0.02 [−0.06, 0.10] 0.03 [−0.05, 0.11]

Employment

Stay at home −0.02 [−0.08, 0.05] −0.00 [−0.06, 0.07] 0.02 [−0.04, 0.08]

Student 0.04 [−0.02, 0.11] 0.00 [−0.07, 0.06] 0.00 [−0.06, 0.06]

Unemployed −0.01 [−0.07, 0.05] 0.02 [−0.04, 0.09] 0.03 [−0.03, 0.08]

EM cigarette use −0.07 [−0.13, −0.01] 0.00 [−0.06, 0.06] −0.08 [−0.14, −0.02]

EM other drug use −0.11 [−0.17, −0.05] 0.04 [−0.02, 0.10] −0.07 [−0.13, −0.01]

Note: AUI, Alcohol Use Index; YA, Young Adult; EM, Early Midlife; Alc Prob, Alcohol Problems; Econ, Economic. Bolded values indicate p < 0.05.
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rural residency, family socioeconomic status), might contribute to both 
adolescent alcohol use and poorer health in early midlife (Amato & 
Keith, 1991; Waldron et al., 2017). Thus, these potentially confounding 
familial factors underscore the need for a design that permits rigorous 
control of confounds to delineate if associations of adolescent alcohol 
misuse with poor later life outcomes are explained by familial back-
ground and shared genetic influences. To do this, we ran additional 
serial mediation models using a co-twin comparisons framework. The 
effects observed in the epidemiological sample remained significant in 
co-twin comparison models, including in analyses where the co-twin 
comparisons were limited to monozygotic pairs, albeit of more modest 
magnitude. As noted by others, family-based designs such as co-twin 
comparisons (D'Onofrio et al.,  2013; Lahey & D'Onofrio,  2010) can 
strengthen inferences regarding the nature of the associations in ob-
servational studies. As a set, our results suggest that the serially medi-
ated associations between adolescent alcohol misuse and early midlife 
satisfaction are robust to strict controls for familial confounding.

Implications

The findings from this study highlight the significance of adolescent 
alcohol misuse for adult alcohol problems that in turn have nega-
tive impacts on indicators of health and well-being later in life. The 
long reach of adolescent misuse, and in particular our findings that 
these effects were robust to confounding genetic and rearing en-
vironmental factors that twin siblings share, suggests that preven-
tive interventions targeting adolescents with alcohol misuse may 
mitigate a host of health consequences across the lifespan. Despite 
these effects being statistically significant, we also recognize that 
the corresponding magnitude of the effects was small. A number 
of effective adolescent alcohol prevention programs exist (Chun & 
Linakis, 2012; Yap et al., 2011), such as one that pairs psychoeduca-
tion with exercises that help youth address unique personality risk 
factors (e.g., sensation seeking, anxiety sensitivity) and associated 
maladaptive coping strategies (Conrod et al.,  2006). Additionally, 
family- and school-based preventative interventions that encourage 
parental rule-setting and educational lessons on youth alcohol and 
substance use can prevent heavy alcohol use in adolescence (Koning 
et al., 2009). In sum, the findings reveal that adolescent AUIs risk for 
poor physical health and well-being two decades later, highlighting 
the salience of early preventive intervention efforts.

Limitations

Our results should be considered in the context of potential limitations. 
First, we note that the statistical package lavaan used for serial me-
diation (Rosseel, 2012) did not have the capability to control for the 
correlated observations (i.e., twins nested in pairs), which could have 
the consequence of artificially deflating the standard errors. To address 
this, we calculated additional mediation models that randomly selected 
one member of each twin pair. Findings, shown in Table S4, were con-
sistent with mediation models using the overall epidemiological sample 

that included both twins from each pair. Second, we recognize that we 
focused on a small set of physical health and well-being outcomes, and 
that alcohol misuse has other serious negative health consequences 
that we did not examine (as they were expected to be less common in 
this age group) such as acute myocardial infarction (Russell et al., 2019) 
and cardiometabolic risk (Fan et al., 2008). Third, although the co-twin 
design permits control of genetic and environmental influences that 
twins share, the confounding effect of unmeasured individual charac-
teristics are not accounted for. For example, if one co-twin experienced 
a traumatic event, this differential exposure to trauma may confound 
the observed association of adolescent alcohol use on later life physical 
health and well-being (Dixon et al., 2009; Keyes et al., 2013; Overstreet 
et al., 2017). Fourth, we recognize the early midlife outcome of self-
rated health was an ordinal measure fit in a linear regression model. 
However, prior evidence suggests that linear regression coefficients of 
binary and ordinal outcomes yield robust unbiased estimates and are 
interpretable in terms of probabilities (Gomila, 2021).

Fifth, we recognize that a twin sample may not generalize to 
the broader nontwin population. However, attenuating this con-
cern is that the rates of alcohol use as reported by the FinnTwin16 
participants in adolescence and early midlife are similar to rates 
reported in other Finnish population health studies. For example, 
32% of individuals aged 15 to 19 in the general population con-
sumed at least 60 or more grams of pure alcohol (i.e., five standard 
drinks) on at least one occasion in the past 30 days (WHO, 2016). 
This rate is consistent with the approximately 29% of FinnTwin16 
participants who reported misusing alcohol one to two times a 
month at the adolescent assessments. Similarly, 28% of individ-
uals aged 15 plus in the general population consumed at least 
consumed at least 60 or more grams of pure alcohol on at least 
one occasion in the past 30 days (WHO, 2016). This is again con-
sistent to the approximately 22% of FinnTwin16 participants who 
reported misusing alcohol one to two times a month. Further, we 
only examined alcohol use as a pathway connecting adolescent 
alcohol misuse and early midlife outcomes. However, it is possible 
that there may be other pathways linking this association, such as 
other substance use. Thus, future research should examine alter-
nate pathways outside the scope of alcohol use in this associa-
tion. Lastly, we recognize the effects reported here were relatively 
modest. This suggests adolescent alcohol misuse is likely just one 
target to address as part of comprehensive preventive interven-
tions to reduce later alcohol problems and, in turn, promote early 
midlife physical health and well-being (Funder & Ozer, 2019).

CONCLUSIONS

In a population-based sample of twins, we found support that ado-
lescent alcohol misuse impacts early midlife physical health and life 
satisfaction indirectly through elevations in young adult and early 
midlife alcohol problems. The sequence of indirect effects linking 
adolescent alcohol misuse and poor health outcomes were robust in 
co-twin comparison models as well. The convergent results across 
the serial mediation models suggest that alcohol problems are a 
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primary driver linking adolescent alcohol misuse and poor health 
outcomes across multiple decades of the lifespan. Identifying fac-
tors that may alter the pathways between adolescent alcohol mis-
use and subsequent later life health and life satisfaction outcomes 
represents an important direction for future work.
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ENDNOTE
	1	 A reviewer noted that including adolescent health covariates from 

age 16 would provide additional analytic rigor. We examined age 16 
adolescent somatic symptoms and self-rated health as covariates in 
the corresponding serial mediation models (life satisfaction was not 
measured at age 16 and thus this was only done for the somatic symp-
tom and self-rated health models). Results, summarized in Table S1, 
indicated that the serial mediation effects remained consistent even 
after statistically controlling for the adolescent health covariates.
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