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Despite the accumulating evidence for increased risks for behavioral problems in

left-behind adolescents in China, little research has explored their HPA axis functioning,

which is hypothesized to play a central role in the association between early adversity

and health. In the present study, we designed a longitudinal study to examine HPA

axis function in left-behind adolescents and its mediating role in the association

between family emotional expressiveness and internalizing problems. Participants were

81 adolescents (44 female; 37 male) aged 11–16 years. Salivary cortisol samples

were collected six times a day for two consecutive days on regular school days.

Negative family expressiveness (NFE) and internalizing problems were measured using

self-report questionnaires. The results showed that NFE was negatively associated

with diurnal cortisol, and diurnal cortisol was negatively associated with internalizing

problems. Further analysis showed that diurnal cortisol secretion measured by AUC

(area under the curve) mediated the association between NFE and internalizing

problems. Our findings extended the existing literature about left-behind children via a

psychoneuroendocrinological perspective, documenting the negative consequences of

the family environment for youth health and development.
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INTRODUCTION

In China, more than 61 million children and adolescents aged 16 or younger are left behind in
rural areas due to their parents’ engagement in rural-to-urban labor migration (1, 2). Adolescence
is a period of rapid physical, psychological, and social development. Previous studies found that
deteriorated parent–child relations induced by parents’ migration led to risks for left-behind
adolescence (3–7). Specifically, left-behind adolescence reported higher levels of internalizing
problems, such as anxiety, depression, and social withdrawal (8, 9). Internalizing problems
in children have been associated with serious long-term consequences during the adult years,
such as major depression (10–12), substance abuse (11), anxiety (12, 13), suicidal ideation
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(13), and antisocial behaviors (10). Therefore, identifying
mechanisms that lead to internalizing problems among
left-behind adolescents is essential for designing effective
intervention or prevention programs.

FAMILY EMOTIONAL EXPRESSIVENESS
AND INTERNALIZING PROBLEMS

Ecological systems theory holds that human development is
a process of self-centered interaction with the surrounding
environmental system (14). The family, as a central part
of the microsystem, plays an important role in adolescents’
development (15). Family emotional expressiveness refers to
the style of verbal or non-verbal expression of emotions in
a family and is an important mechanism through which
caregivers’ emotional styles affect children’s emotional regulation
ability (16). Studies of normative families have shown that
children living in families with high levels of negative emotional
expressiveness are more likely to have poor social adaptation
(17), inadequate emotional regulation (18), and more problem
behaviors (19). In left-behind children, parental absence as
a result of parents’ migration weakens parent–child bonding,
reduces parent-adolescent communication, and thereby likely
induces more negative emotional expressiveness in parent–child
interactions (20–22). However, family emotional expressiveness
has rarely been examined in left-behind adolescents, overlooking
the fact that left-behind adolescents maintain communication
with their parents through various channels (i.e., telephone calls
and messages).

THE ROLE OF HPA AXIS FUNCTION

The hypothalamic–pituitary–adrenal (HPA) axis is hypothesized
to play a central role in the association between early adversity
and health (23–26). Across the day, cortisol levels follow a
circadian rhythm as cortisol is released in pulses. Cortisol levels
are generally higher in the morning, with peak levels occurring
∼30min after waking, followed by a decline throughout the day
until reaching a nadir in the evening with sleep (25). There
are several indicators that reflect the function of the HPA axis,
such as cortisol awakening response (CAR), diurnal slope, and
total cortisol output (AUC). The CAR influenced by sleep may
represent adrenal sensitivity to ACTH (27, 28). The diurnal slope
reflects the circadian rhythm of cortisol, which is associated with
the suprachiasmatic nucleus (SCN) of the hypothalamus (29).
The AUC approximates total cortisol production throughout
the day, which aggregates indices of circadian functioning with
responses to stress across the day (30).

A harsh family environment due, for example, to poverty
tends to expose children to higher levels of stress and leads to
abnormal HPA axis activity (31). For example, some researchers
found that children from low-income families had higher cortisol
levels (32, 33). In contrast, some studies found that adverse family
factors (such as emotional maltreatment) were associated with
lower cortisol levels (34–36). The contradictory results of the
studies on the relationship between adverse family environments

and cortisol levels conform to two opposing theories: the
hypercortisolism hypothesis and the hypocortisolism hypothesis.
The hypercortisolism hypothesis suggests that chronic stress
causes high HPA axis sensitivity and increases cortisol levels
(37), while the hypocortisolism hypothesis suggests that HPA
axis activation decreases under chronic stress, with lower
cortisol levels and a flatter diurnal rhythm (38). Previous
studies have found that adolescents who lived with higher
reported parent–child negativity showed higher bedtime cortisol
(39). However, little is known about the relationship between
the family environment in left-behind adolescents and HPA
axis functioning.

An increasing number of studies have suggested that altered
HPA axis activity may be a precursor to increased internalizing
problems (40). In young children, higher total cortisol output and
a flatter diurnal rhythm have been found to be related to elevated
internalizing problem symptoms at 36 months (41). Likewise,
a meta-analytic review showed that depressed children and
adolescents showed increased morning cortisol (42). Adolescents
with high basal cortisol were found to exhibit increasingly severe
internalizing problems over a 2-year period (43). Despite the
above studies showed the association between high cortisol levels
and problem behaviors, it should be acknowledged that higher
levels of cortisol are not always detrimental and can be adaptive
in certain situations. For example, studies have found that high
levels of cortisol induced by exercise are beneficial to mental
health (44).

In some studies, cortisol played a mediating role in the
relationships among chronic stress, poor parenting behavior
and problem behaviors (45, 46). A previous study indicated
that children’s cortisol levels were one of the mechanisms
by which parenting factors influenced internalizing problems
(47). Taken together, it is reasonable to speculate that cortisol
may also be an important physiological mechanism linking a
harsh family environment and internalizing problems in left-
behind adolescents.

THE PRESENT STUDY

To date, there are few studies investigating left-behind
adolescents’ HPA axis functioning and its role in the relation
between family adversity and mental health. The current study
was designed as a longitudinal study to fill several gaps in
the literature. The first goal was to investigate the association
between negative family expressiveness and various indicators of
HPA axis functioning in left-behind adolescents. By collecting
saliva from the subjects six times a day across two consecutive
days, we were able to calculate the AUC, diurnal slope, and
CAR to gain a comprehensive understanding of left-behind
adolescents’ HPA axis functioning. Second, we also examined
the mediating role of the HPA axis functioning between negative
family expressiveness and internalizing problems. Based upon
the limited existing literature on healthy youth (34–36), we
hypothesized that higher negative family expressiveness would
be associated with indicators of a downregulated HPA axis:
lower cortisol awakening response (CAR), lower total daily
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cortisol output (AUC) and flatter diurnal slope. Furthermore,
we hypothesized that abnormal diurnal cortisol levels would
mediate the relationship between family expressiveness and
internalizing problems in left-behind adolescents.

METHODS

Participants
Participants were recruited from a middle school in rural
Northwest China. The sample included 81 adolescents (female
n = 44; male n = 37) between 11 and 16 years of age (M =

13.99; SD = 0.90 years). Their parents were between 32 and 40
years old. At least one of the parents of each child had been away
from home for more than 6 months. The duration of parental
absence ranged from 0 to 15 years (MFather = 6.22, MMother =

5.16 years). The proportion of participants with both parents
out, only father out, only mother out were 75.9, 15.2, and 8.9%,
respectively. In terms of the highest education level achieved,
21% of the fathers did not go to primary school, 6.2% attended
primary school for only a brief period, 37% finished primary
school, 43.2% junior high school, 6.2% high school, and 1.2%
college. Regarding the mothers, 35.8% did not go to primary
school, 4.9% attended primary school for only a brief period,
33.3% of the mothers completed primary school, 22.2% junior
high school, and 1.2% college.

Procedures
The study was approved by the ethical committee of Tianjin
Normal University. All subjects and one of their parents signed
the informed consent form. Data were collected in two phases.
Family emotional expressiveness and problem behavior data were
collected at the participants’ home during Chinese New Year (T1,
January 2017). Six months later (T2), problem behaviors were
reassessed collectively at school, and the subjects’ saliva samples
were collected six times a day for two consecutive days on regular
school days. The questionnaires were completed on computers
or smartphones.

Measures
Demographic Questionnaire
The students reported their demographic information, including
their gender, grade, the total number of years their parents were
away from home and their parents’ highest level of education.

Negative Family Expressiveness
The negative expressiveness subscales of the Family
Expressiveness Questionnaire (FEQ) was used (48). The
subscale includes 20 items which describe an individual’s history
of negative family expression. It contains two dimensions:
dominance and submissiveness. The negative dominance
dimension captures expressions of criticism, contempt and
anger in the family, whereas the negative submissiveness
dimension captures expressions of sorrow, embarrassment, and
disappointment in the family. Both dimensions assess negative
emotional expressiveness in the family and were aggregated
to form a composite score of negative family expressiveness.
Individuals circled a rating for each item on a nine-point scale

ranging from (1) “not at all frequently in my family” to (9) “very
often frequently in my family” to indicate the frequency with
which they experienced the expressive situation while they were
growing up in comparison to peers in other families. The internal
consistency coefficient of the subscale was between 0.81 and 0.92
in previous studies of Chinese children (49). In the present study,
the internal consistency coefficient was 0.82.

Internalizing Problem Behaviors
Adolescents’ internalizing problem behaviors were measured
using the Youth Self-Report Form [YSR; (50)]. Subjects were
asked to rate a list of items describing behavioral characteristics
based on their situation in the past 6 months. A 3-point Likert
scale was used (0= “not true”, 1= “somewhat or sometimes true”,
2 = “very true or often true”). The behaviors evaluated include
withdrawal, anxiety, depression and social problems. Item scores
were averaged to form a composite of internalizing problem
behavior, with higher scores reflecting more internalizing
problems. In our study, the internal consistency coefficients of
internalizing problem behavior were 0.75 (T1) and 0.83 (T2).

Diurnal Cortisol
Salivary cortisol levels were measured as a marker of HPA
axis activity. Saliva was collected using a cotton swab, and the
participants were instructed to place between their tongue and
cheek for ∼2min until the swab was completely saturated. The
saliva swab was collected in a plastic tube, which was placed
directly on ice and stored at −20◦C. Saliva samples were assayed
in duplicate following standard radioimmunoassay procedures
with no modifications (Salivary Cortisol ELISA Kit, Salimetrics,
USA) at the Physiological Psychology Experiment Platform of the
Institute of Psychology, CAS. The test uses 25 µl of saliva per
determination, has a lower limit of sensitivity of 0.007 µg/dl and
standard curve range from 0.012 to 3.0 µg/dl. The intra-assay
coefficients of variation for the kit ranged from 3.0 to 10%. Saliva
samples were taken at∼6:00 a.m., 6:30 a.m., 9:30 a.m., 11:40 a.m.,
and 3:50 p.m. and 10:00 p.m. on two consecutive days. For the
first two time points, saliva was collected immediately after the
subject woke up and half an hour later at home; the specific time
was recorded by the subject, and the subject then brought the
saliva to the school and gave them to the research assistants. In
order to prevent students from forgetting to collect saliva or to
mark the time of saliva collection at home, we reminded students
the day before they collected saliva. In addition, we also reminded
their caregivers to assist in saliva collection and labeling. The
children’s reported first timestamps of saliva collection ranged
from 5:50 to 6:10 a.m. The remaining four saliva samples were
collected by the children at school.

Missing Data
Due to the time interval between measurements for all the
variables in the study, there were some missing data. Family
expressiveness and problem behavior data were not available
at T1 for ten children due to incomplete questionnaires. There
were two children who had no problem behavior data at T1 or
T2. Due to insufficient salivary volume, there was one missing
cortisol value separately at each time of the day. Tomake effective
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use of the data and reduce biases, the missing values of all
the variables involved were treated using the full information
maximum likelihood (FIML) method in this study.

Data Analysis
Data were analyzed in SPSS 26.0 and Mplus 8.30. Cortisol at
each time point was averaged across the 2 days to increase the
reliability of the measurements (51). The CAR was calculated
by subtracting the mean waking cortisol concentration from the
mean 30-min postwaking cortisol concentration. The area under
the curve with respect to ground (AUC) was the summation of
the five trapezoids consisting of the six cortisol measurements
and the time distance between the measurements. It was
calculated following methods set forth by Pruessner et al. (52).
The diurnal slope was calculated by computing the difference
between cortisol at bedtime and cortisol at waking divided by
the cortisol at waking. A repeated ANCOVA was used to test
the diurnal cortisol pattern at all of the cortisol time points.
We used hierarchical linear regression to test the continuous
relation between NFE and AUC, as well as with the CAR and
diurnal cortisol slope. Then, we performed a mediation analysis
to test the mediation effect of diurnal cortisol between NFE and
internalizing problems. The indirect effects were evaluated using
bias-corrected bootstrap confidence intervals with 5,000 draws.
All cortisol data were log transformed in the hierarchical linear
regression and mediation analysis.

RESULTS

Preliminary Analyses
Table 1 presents the descriptive statistics and bivariate
correlations among the study variables. The diurnal cortisol
levels showed a significant time effect [F(3,345) = 3.86; p < 0.05].
Morning cortisol levels peaked and gradually declined until
the last time point. However, there was no significant CAR in
left-behind adolescents, and the diurnal cortisol levels showed a
sharp decline between 6:30 a.m. and 9:30 a.m., with little change
between 9:30 a.m. and 10:00 p.m. The diurnal cortisol levels at all
time-points are showed in Figure 1.

Negative family expressiveness was associated with lower
morning and noon cortisol levels (p < 0.04) and higher levels
of internalizing problems at T1 (p < 0.01) and T2 (p < 0.02).
The cortisol level at 9:30 a.m. was negatively associated with
internalizing problems at T1 (p < 0.05). The cortisol levels at
6:00 a.m., 6:30 a.m., 9:30 a.m., 11:40 a.m., 3:50 p.m. and AUC
were negatively associated with internalizing problems at T2. The
scatterplots of the correlations between the pairs of variables are
shown in Figure 2.

Regression Analysis of Negative Family
Expressiveness on Diurnal Cortisol in
Left-Behind Adolescents
To investigate the effects of NFE on diurnal cortisol, we
conducted a regression analysis with age, gender, years of
mother’s absence and years of father’s absence controlled. For
AUC, the results showed that NFE significantly predicted AUC [b
= −0.051, SE = 0.022, 95% CI (−0.094, −0.007)]. However, the
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FIGURE 1 | The diurnal cortisol levels at all time-points in left-behind adolescents.

results showed that NFE did not predict the diurnal slope [b =

−0.003, SE= 0.031, 95% CI (−0.059, 0.066)] or CAR [b= 0.023,
SE= 0.028, 95% CI (−0.033, 0.077)]. The results were illustrated
in Table 2.

Family Expressiveness and Internalizing
Problems in Left-Behind Adolescents: The
Mediating Role of Diurnal Cortisol
Based on the correlation and regression analyses, the mediating
role of AUC in the relationship between NFE and problem
behaviors at T2 in left-behind adolescents was further tested with
age, gender, years of mother and father absence, internalizing
problems at T1 controlled. Using 5,000 bootstrap samples
selected from the random sampling test, the results showed that
the direct effect of NFE on internalizing problems at T2 was not
significant [b = 0.016, SE = 0.044, 95% CI = (−0.077, 0.097)].
The indirect effect of NFE on internalizing problems at T2 was
significant [b = 0.016, SE = 0.013, 95% CI = (0.000, 0.054)],
indicating that the AUC had a mediating effect on the relation
between NFE and internalizing problems at T2. The mediation
model is shown in Figure 3.

DISCUSSION

The purpose of this study was to identify the association
between negative family expressiveness and various indicators
of HPA axis functioning, including CAR, diurnal slope, and
AUC in left-behind adolescents. Furthermore, we designed a
longitudinal study to test the mediating effect of HPA axis
functioning between the NFE and left-behind adolescents’
internalizing problems. The results showed that NFE was
negatively correlated with diurnal cortisol levels. Further
analysis showed that high NFE predicted a lower diurnal
cortisol level in left-behind adolescents. Furthermore, the NFE
score significantly predicted internalizing problems at T2,
with the AUC acting as a mediator. Our study provided

evidence for the effects of NFE on internalizing problems from
a psychoneuroendocrinological perspective and enriched the
existing research on left-behind adolescents.

Left-Behind Adolescents’ HPA Axis
Functioning
Previous studies have indicated that cortisol is high in the
morning, declines throughout the day, and reaches a nadir
in the evening with sleep (53). Our results show that left-
behind adolescents’ diurnal cortisol generally follows the same
pattern. However, the diurnal cortisol pattern of left-behind
adolescents is somewhat different from that of other adolescents.
Previous research found that there was no significant difference
between morning cortisol levels and cortisol levels 3 h later but
reported a relatively steep drop after 8 h, followed by a more
moderate decrease until the lowest point at bedtime (54). In
other words, the decrease in cortisol concentration typically
occurred in the middle of the day. Our study found that the
rapid decrease in cortisol levels occurred in the morning, with
little change between 9:30 a.m. and 10:00 p.m. The reason for the
inconsistencies across studies may be the different developmental
periods of the children: prior studies’ children were in late
adolescence, and ours were in mid-adolescence. In addition, we
speculated that the daily variation pattern of cortisol presented in
this study might be unique to left-behind adolescents. To the best
of our knowledge, there are few studies on the diurnal variation
in cortisol levels in left-behind children and adolescents. Further
research is needed to verify this speculation with more rigorous
research design and sampling (e.g., including a non-left behind
control group).

Negative Family Expressiveness and HPA
Axis Functioning
In the present study, we found that children living with a high
NFE had a significantly lower AUC. Our results are in line
with the hypocortisolism hypothesis that HPA axis activation
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FIGURE 2 | The scatterplots of the correlations between the pairs of variables. (A) Negative family expressiveness and internalizing problems; (B) Negative family

expressiveness and cortisol diurnal AUC (area under the curve); (C) Negative family expressiveness and cortisol diurnal slope; (D) Negative family expressiveness and

cortisol awakening response; (E) Cortisol diurnal AUC and internalizing problems; (F) Cortisol diurnal slope and internalizing problems; (G) Cortisol awakening

response and internalizing problems.
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decreases under chronic stress, resulting in lower cortisol levels
(38). This is consistent with previous studies that found that
adverse family factors and long-term stress could reduce cortisol
levels (36, 55, 56) (Maureen et al., 2012). Specifically, for morning
cortisol, previous research has found that among toddlers reared
in lower income households facing higher cumulative adversity,
reduced maternal warmth was correlated with blunted early
morning cortisol (57). This pattern has been suggested to
reflect HPA axis downregulation following excessive stress system
activation, which comes with its own costs (34).

However, in contrast to our hypothesis, we found that NFE
was not related to CAR or diurnal slope. A previous study also
showed that the family environment, such as perceived parental
rejection, was not related to CAR in healthy youth (58). The
lack of association between NFE and CAR and diurnal slope in
this sample of left-behind adolescents may be an indication that
NFE was not sufficient to influence the physiological processes

TABLE 2 | Linear regression for negative family expressiveness with AUC, diurnal

slope and CAR.

Predictors B SE 95% CI

AUC Gender 0.093 0.060 −0.027, 0.210

Age −0.043 0.333 −0.111, 0.019

YM −0.005 0.008 −0.021, 0.010

YF −0.002 0.006 −0.014, 0.009

NFE −0.051 0.022 −0.094, −0.007

Diurnal slope Gender 0.846 0.306 0.244, 1.450

Age 0.102 0.199 −0.241, 0.541

YM −0.009 0.040 −0.090, 0.065

YF −0.301 0.379 −1.067,0.432

NFE −0.003 0.031 −0.059, 0.066

CAR Gender 0.027 0.080 −0.123, 0.189

Age 0.025 0.044 −0.066, 0.110

YM −0.014 0.009 −0.030, 0.005

YF 0.001 0.008 −0.017, 0.016

NFE 0.023 0.028 −0.033, 0.077

AUC, Area under the curve; YM, Years of mother’s absence; YF, Years of father’s absence;

NFE, Negative family expressiveness; CAR, cortisol awakening response. The bold values

means NFE is a significant predictor of AUC.

that underlie CAR and diurnal slope. It’s worth noting that most
of the participants in our study had both parents out. Due to
the small sample size, we did not examine whether the effect of
family atmosphere on children’s cortisol differs across types of
left-behind adolescents (e.g., both parents out vs. only one parent
out). Future research should consider examine this question with
a more representative sample of diverse left-behind adolescents.

The Mediating Role of HPA Axis
Functioning
Consistent with previous studies that reported a mediating role
of HPA axis activity in the relation between early adversity
and poor outcomes in children (45, 46), the present study
found that NFE was indirectly associated with internalizing
problems with diurnal cortisol secretion as a mediator in
left-behind adolescents. Because of the role of the HPA
axis as a core stress system that has profound effects on
neurodevelopment, many studies have explored its mediating
effect on adversity-psychopathology relations. For example,
cortisol levels at baseline in the laboratory mediated the
association between family instability (e.g., caregiver changes,
variations in caregiver intimate relationships, and residential
mobility) and deficits in children’s effortful control at age 4
(59). However, the mediating effect of HPA axis activity has
not always been found in other studies (60, 61). A number
of factors may account for these inconsistent results, such
as the specific types of early adversity experience and the
indicators of HPA axis activity used in the studies. Even in
one single study, results were mixed across different indicators
of HPA axis activity. For example, in a Filipino adolescent
cohort, a flatter cortisol diurnal slope, higher evening cortisol,
lower total cortisol output, and lower cortisol awakening
response (CAR) were associated with lower socioeconomic
status across multiple developmental periods (62). To date,
although converging evidence supports the mediating role of
HPA axis activity in adversity–psychopathology relations, a
question remains whether HPA axis activity is a key biological
mechanism that is triggered by adversity and eventually affects
psychopathology or whether it serves only as a marker for
other biological processes that produce psychopathology (53).
Additional research is needed to determine the specific meaning

FIGURE 3 | The mediating role of AUC in the relationship between NFE and internalizing problem behaviors at T2 in left-behind adolescents. Unstandardized path

coefficients were shown (NFE, negative family expressiveness, *p < 0.05).
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of different indicators of HPA axis activity and to examine the
roles of other neurophysiological systems.

Strengths and Limitations
In this short-term longitudinal study, we investigated the
relations among negative family expressiveness, HPA axis
functioning, and internalizing problems in left-behind
adolescents. We found that NFE predicted adolescents’
increased internalizing problems 6 months later after controlling
for their previous internalizing problems, and that cortisol
(specifically AUC) played a mediating role in this linkage.
Extending the existing literature about left-behind children via
a psychoneuroendocrinological perspective, the present study
documents the negative consequences of NFE for at-risk youth’s
mental health.

Several limitations of this work should be noted. First, the
sample size was small, and the study needs to be replicated with
a larger number of participants before a strong conclusion can
be drawn. In addition, the present sample is comprised primarily
of adolescents with both parents out. Whether the findings
can be generalized to other types of left-behind adolescents
(e.g., only father out or only mother out) requires further
research. Second, although the results in our study imply
longitudinal relations from NFE to diurnal cortisol production
and internalizing problems, inference of causal relations require
rigorous experimental studies and ideally three waves of data are
advised to establish a longitudinal mediation model. Finally, both
NFE and internalizing problems were self-reported, which may
induce biased views. Future research should collect data from
multiple informants.

CONCLUSIONS

In summary, negative family expressiveness is associated with
a maladaptive pattern of diurnal cortisol production and

internalizing problems. The relationship between NFE and
internalizing problems was mediated by diurnal cortisol levels,
indicating that aberrant HPA axis functioning may be an
important marker for adolescents’ problem behaviors. With these
in mind, the development and distribution of strategies designed
to attenuate feelings of NFE is of paramount importance given its
concerning consequences.
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