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Chapter 6 

The diurnal salivary cortisol pattern of 

adolescents from families with single, ill, 

and healthy parents  
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vary cortisol pattern of adolescents from families with single, ill, and healthy par-

ents. Journal of Psychosomatic Research, 72, 288–292. 
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Abstract 

Adolescents of single and/or chronically ill parents (target groups) reportedly have 

elevated psychological stress. However, their salivary cortisol pattern as part of the 

physiological stress system has not been compared to controls. The aim of this 

study is to examine differential outcomes in the diurnal cortisol pattern of the tar-

get groups. In total, 100 adolescents of three groups with either single, chronically 

ill, or two healthy parents were compared on cortisol. Three salivary cortisol sam-

ples were taken after awakening, one sample at noon, and one sample at 20:00 

p.m. during a non-school day. Group differences and interaction effects between 

measurement (5 times), group membership, and covariates were tested through 

linear mixed modeling, repeated measures. Covariates were children’s sex and age, 

socioeconomic status (SES), and parental depression as measured by the Beck De-

pression Inventory. The three groups did not differ significantly concerning the 

amount of salivary cortisol, even after controlling for the covariates. The target 

groups had a lower SES than adolescents with two healthy parents. In addition, 

chronically ill parents were more depressed than single and healthy parents. Male 

sex and older age of the child and lower parental depression were associated with 

increased cortisol values throughout the day. Research on cortisol in children should 

control for children’s sex and age, and parental depression. Adolescents with single 

and/or chronically ill parents displayed a healthy pattern of diurnal salivary cortisol. 
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6.1 Introduction 

Adolescents from single parent families and families with a chronically ill parent 

(target groups) are at increased risk for elevated stress symptoms due to their fam-

ily situation (Huizinga et al., 2005; O’Connor, Dunn, Jenkins, Pickering, & Rasbash, 

2001). Studies in the field have mainly focused on stress measured with question-

naires instead of physiological stress (Harris & Zakowski, 2003; O’Connor et al., 

2001; Sieh, Meijer, Oort, Visser-Meily, & Van der Leij, 2010a; Sieh, Meijer, & Visser-

Meily, 2010b). Salivary cortisol secretion can be considered an objective measure of 

physiological stress and should therefore be examined in the target groups (Lin & 

Ensel, 1989; Spangler, 1995). 

Adolescent cortisol secretion is associated with the physiological activity level 

and differs depending on time and children’s sex and age (Jessop & Turner-Cobb, 

2008; Walker, Walder, & Reynolds, 2001). In the morning, adolescents need higher 

cortisol levels to increase the appetite, release energy, and stimulate learning proc-

esses. In the evening, lower cortisol levels are necessary to induce sleepiness (Gun-

nar & Vasquez, 2001).
 
High evening cortisol versus low morning cortisol can be a 

sign of an unhealthy diurnal cortisol pattern as they are associated with psychoso-

cial problems (Susman et al., 2007). A ratio between morning and evening cortisol 

amount of less than one is an indicator of poor functioning and increased risk for 

depression (Goodyer, Herbert, & Tamplin, 2003). 

A review found significantly increased morning salivary cortisol levels in girls 

compared to boys across several studies (Jessop & Turner-Cobb, 2008). Concerning 

age effects, one study on (pre)adolescents observed a higher cortisol mean for older 

children (Tornhage, 2002), and another study on adolescents aged 12–18 years 

concluded that basal cortisol values increased with age (Walker et al., 2001). Older 

children become more evening oriented (Randler & Bilger, 2009), and a high activity 

level in the evening, in turn, is associated with cortisol secretion (Susman et al., 

2007), leading to the assumption that adolescents display higher evening cortisol 

levels with rising age. 

The activation of the hypothalamic-pituitary-adrenal axis (HPA axis) during 

chronic stress depends on the type of stressor. Uncontrollable or traumatic stress-

ors like divorce and stressors threatening physical integrity like chronic illness tend 

to be accompanied by a high and flat diurnal cortisol pattern. In addition, such 

stressors are associated with relatively low morning cortisol levels and relatively 

high evening cortisol levels (Miller, Chen, & Zhou, 2007). One study showed that 

children from divorced families exhibited lower cortisol levels after corticotropin 

releasing hormone stimulation than children from intact families (Bloch, Peleg, Ko-

ren, Aner, & Klein, 2001). Another study revealed that children with a family history 

of depression had higher salivary cortisol concentrations after awakening than con-

trols (Mannie, Harmer, & Cowen, 2007). The question arises as to whether adoles-
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cents from families with single and chronically ill parents manifest a different and 

potentially less healthy cortisol pattern in comparison with adolescents who have 

two healthy parents. 

Because the target groups share similar family characteristics which may act as 

stressors, comparison of these groups with each other and with a comparison group 

may give insight into the influence of family stressors on cortisol. First, both groups 

experience life events within the family. Single parent families are affected by di-

vorce and/or decreased involvement of the spouse who moved out (Eitle, 2006), 

while families with a chronically ill parent face disease-related consequences like 

reduced physical and emotional availability of the ill parent and/or spouse (Visser-

Meily et al., 2005). In both family types, one or both parents may be less available, 

affecting the parent-child relationship (Eitle, 2006; Pakenham & Bursnall, 2006). 

Second, adolescents of single and ill parents may share a decreased socio-economic 

status (SES). Single parent families appear to be economically disadvantaged as a 

result of divorce or deliberate single parenthood (Lino, 1994). Conversely, chronic 

illness and SES seem to be interrelated. Researchers are unable to categorically 

state if factors associated with low SES contribute to a greater propensity for devel-

oping a chronic illness, or if chronic illness leads to developing low SES, or both 

(Walker & Peterson, 2002). Results regarding the relationship between SES and 

children’s cortisol levels are mixed. One study found that lower neighbourhood SES 

was related to lower cortisol levels in adolescents (Chen & Paterson, 2006). Another 

study concluded that 4.5-year-old children living in low SES families had significantly 

higher afternoon cortisol levels than those living in high SES families (Essex, Klein, 

Cho, & Kalin, 2002). Gustafsson, Gustafsson, and Nelson (2006) found that latency-

aged children in low SES families displayed higher cortisol levels than those in high 

SES families at 08:30 a.m., but no difference was found at 10.30 p.m. or 21.00 p.m. 

Similar to the study from Chen and Paterson (2006), we operationalize SES with 

family income, our sample consists of adolescents, and the cortisol samples are 

taken in the late afternoon. Accordingly, we expect a positive relationship between 

SES and adolescent evening cortisol. Third, the target groups can be distinguished 

by increased depressive symptomatology in parents (Brown & Moran, 1997; Sieh et 

al., 2010b; Visser-Meily et al., 2005). Notably, parental depression is associated with 

heightened basal cortisol values and higher cortisol in children after exposure to 

both 25 mg and 5 mg dexamethasone (Young, Vasquez, Jiang, & Pfeffer, 2006). 

Concerning adolescents in particular, parental depression seems to be related to 

increased morning cortisol values (Halligan, Herbert, Goodyer, & Murray, 2004). 

Hence, apart from time of sampling and children’s sex and age, it is important to 

consider SES and parental depression in cortisol analyses (Fisher, Serbin, Stack, 

Ruttle, Ledingham, & Schwartzman, 2007). 

Research to date has not compared adolescents of single and ill parents with 

adolescents of two healthy parents on a physiological stress measure. This study is 
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the first to give insight into an element of the HPA axis functioning of the target 

groups. Our aim is to examine differences in salivary cortisol secretion between 

adolescents of single and/or ill parents and the comparison group. The target 

groups are expected to display a higher cortisol awakening response than the com-

parison group. Further, this study explores which predictors underlie the variability 

of salivary cortisol in adolescents. We assume that high morning cortisol values are 

positively related to female sex of the child. Presumably, older children display 

higher evening cortisol values. SES, as measured with family income, is expected to 

show a positive relationship with adolescent evening cortisol secretion. Finally, a 

high level of parental depression is expected to show a positive relation with the 

amount of morning cortisol secretion. 

6.2 Method 

6.2.1 Sample characteristics 

Adolescent participants had to be between 11 and 19 years of age and to live at 

home with their parents. Adolescents with a severe physical illness, mental illness, 

substance abuse, or an addiction were excluded. Adolescents with single parents 

lived together with only one parent who was not affected by a severe or chronic 

somatic illness. The target group with single parents consisted of 27 adolescents 

from 20 families. Adolescents with chronically ill parents had at least one parent 

with a disabling chronic medical illness lasting for more than 6 months. The target 

group with chronically ill parents included 20 adolescents from 11 families. The 

comparison group consisted of 53 adolescents from 33 intact families with parents 

who were not affected by a severe or chronic somatic illness, see Table 6.1. 

 

Table 6.1 

Descriptive Statistics for Families with Single, Chronically Ill, and Healthy Parents  

 Single parents  Ill parents  Healthy parents  

Children (n) 27 20 53 

 sex (female) 55.6% 35.0% 51.7% 

 mean age (SD) 14.96 (2.24) 14.10 (2.00) 14.32 (2.45) 

 mean education
1
 (SD) 7.56 (2.65) 5.80 (3.11) 6.71 (3.30) 

Parents (n) 20 17 66 

 sex (female) 90.0% 58.82% 50.0% 

 mean age (SD) 46.12 (4.48) 46.76 (4.34) 46.91 (4.29) 

 average number of children  1.35 1.82 1.61 

 monthly income in Euro (SD)  2050 (979) 2615 (1098) 3615 (1101) 

 mean depression
2
 (SD) 4.60 (3.95) 8.50 (4.96) 3.67 (2.71) 

Note. ¹Education level ranges from 1 = elementary school to 11 = higher vocational education. 

²Depression was measured with the BDI = Beck Depression Inventory. 
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6.2.2 Procedure 

Participants were recruited across the Netherlands in randomly selected schools, 

community centers, and public libraries by using posters, brochures, and invitation 

letters. Families could show their interest in participation by contacting the project 

manager via e-mail, telephone, or post. After initial screening of eligibility for par-

ticipation over the phone, the participating families received an information pack-

age and an informed consent form. After obtaining informed consent, research 

assistants made an appointment to administer questionnaires at the families’ 

homes following a standard procedure (Kirschbaum, Wüst, & Hellhammer, 2007). 

Assistants used modeling techniques to teach children how to implement cortisol 

sampling and encouraged parents to guide the sampling of children’s saliva, provid-

ing a sheet with cortisol instructions. As a reward, adolescent participants could 

choose between a gift voucher, a cinema ticket, or a mobile phone cover. 

 On a non-school day in the weekend, adolescents mouthed a 6-inch sterile 

cotton rope (salivette
®
 samples) at 5 times throughout the day. Saliva samples were 

stored in the refrigerator and frozen at -20°C prior to assay. The samples were sent 

to Kirschbaum’s research laboratory in Germany. Saliva samples were centrifuged at 

3000 rpm for 5 min, which resulted in a clear supernatant of low viscosity (Kir-

schbaum et al., 2007). 

6.2.3 Measurement 

Adolescent salivary cortisol. Salivary cortisol was measured using a commer-

cially available chemiluminescence immunoassay with high sensitivity (Kirschbaum 

et al., 2007). The values for salivary cortisol were indicated in nmol/l. Cortisol was 

measured at 5 times: after awakening (Time 1), half an hour after awakening (Time 

2), one hour after awakening (Time 3), at 12:00 a.m. (Time 4), and at 20:00 p.m. 

(Time 5). First, we assessed the Cortisol Awakening Response (CAR) by deducting 

the cortisol value at Time 1 from the value at Time 2 (Steptoe, Cropley, Griffith, & 

Kirschbaum, 2000).
 
Second, we calculated the cortisol ratio by dividing the mean of 

the three morning cortisol samples by the amount of evening cortisol. Third, the 

cortisol day mean was calculated by dividing the sum of five cortisol values by 5. 

Raw cortisol values that were three standard deviations above or under the 

mean, unreasonable values or values taken at times more than 1 hour deviated 

from the scheduled time were excluded. Two unreasonable values at Time 1 were 

deleted. For cortisol measured from Time 2 to Time 5, we excluded 1, 1, 2, and 2 

value(s), respectively, because they were three standard deviations above the 

mean. At Time 2, we deleted 4 unreasonable values. Due to sampling outside of the 

foreseen time frame between Time 2 and Time 5, we excluded 4, 8, 7, and 3 addi-

tional value(s), respectively. After removing outliers, 7.2% of the cortisol values 

were missing throughout the data set. 
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Covariates. Children’s sex was coded as male (0) and female (1). Children’s age 

was rounded to whole numbers. SES was measured as the monthly income per 

household after taxes with more income representing higher SES. Parents’ depres-

sive symptoms were determined with the Beck Depression Inventory (BDI), a 21-

item self-report scale measuring affective, cognitive, behavioral, and somatic signs 

of depression (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961). Higher scores 

indicate more depressive symptoms. For families with two parents, the depression 

scores were summed and divided by 2. The reliability of this measure was Cron-

bach’s α = .74 in single parents, α = .76 in parents from the ill group, and α = .71 in 

healthy parents. 

6.2.4 Data analysis 

Descriptive statistics were used to describe demographic characteristics of parents 

and adolescents from the three groups. ANOVA and Chi-square tests revealed 

whether the groups significantly differed in demographics, time of cortisol sampling, 

and parental depression. 

To answer the research questions, we used multilevel modeling of the repeated 

cortisol measurements. We tested whether the amount of cortisol changed during 

the day and whether the cortisol pattern was affected by group membership and 

the covariates (children’s sex and age, SES, and parental depression). Multilevel 

regression analysis accounted for the hierarchical structure of the data with multi-

ple measurements within adolescents and sometimes multiple adolescents within 

families (Snijders & Bosker, 1999). In the multilevel model, the intercept repre-

sented the cortisol level immediately after waking up (Time 1) and four regression 

coefficients represented deviances at Times 2, 3, 4, and 5 from the baseline level 

which are referred to as Time 2 deviance, Time 3 deviance, Time 4 deviance, and 

Time 5 deviance, respectively. Two other regression coefficients represented differ-

ences of the single parent group and ill parent group from the comparison group 

(adolescents with two healthy parents). In our analysis, first, we entered main ef-

fects only. Second, we added interaction effects of time deviances with group 

membership. Third, we checked interaction effects of time deviances with covari-

ates. Exploratively, we examined other interaction effects. 

All analyses were performed using the SPSS procedure MIXED, version 17.0. 

6.3 Results 

6.3.1 Descriptive statistics and group differences in SES and parental depression 

ANOVA and Chi-square tests revealed that the three adolescent groups did not 
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differ in demographic characteristics that may influence the amount of cortisol, 

such as sex, age, or educational level (p > .05). None of the adolescents reported 

any form of drug use. Only 7% of the adolescents reported cigarette smoking and 

7% of the adolescents indicated more than 6 consumptions of alcohol a week. Four 

participants had asthma and one child had a light form of epilepsy. In our sample, 

there were no cases of thyroid dysfunction. 

ANOVA showed that parents’ age did not differ between the groups (p > .05). 

Parents’ gender differed between the groups, χ²(2) = 10.17, p < .01. In single parent 

families, the vast majority of the parents were mothers (90%). Chronic parental 

illness included severe inflammatory bowel disease (45.4%), multiple sclerosis and 

rheumatoid arthritis (both 18.2%), and spinal cord injury and neuromuscular disease 

(both 9.1%). 

Single parents and ill parents displayed a lower SES than healthy parents, 

F(2,63) = 14.39, p = .000. The effect sizes for these differences were Cohen’s d = -

1.46 and d = -.91, respectively. Parental depressive symptoms also differed per 

group, F(2,63) = 7.60, p = .001. Chronically ill parents were more depressed than 

healthy parents (d = 1.47) and single parents (d = .87). 

Table 6.2 provides group means and standard deviations for the cortisol values 

from Time 1 to Time 5 and for CAR, cortisol ratio, and diurnal cortisol mean. The 

average awakening time of adolescents was 8:26 a.m. The mean time of sampling 

from Time 1 to Time 5 was 8:31 a.m., 9:06 a.m., 9:37 a.m., 12:23 p.m., and 20:15 

p.m., respectively, and it did not differ between the groups. There was no group 

difference in CAR, cortisol ratio, or cortisol day mean. Concerning the cortisol ratio, 

none of the adolescents had a value below one, suggesting that adolescents from all 

three groups generally displayed a healthy cortisol ratio. 

 

Table 6.2 

Group Comparison of the Amount of Salivary Cortisol in Adolescents  

  Single Group Ill Group Healthy Group 

  n mean (SD) n mean (SD) n mean (SD) 

Cortisol Time 1   27 16.25 (9.02) 18 16.44 (8.08) 52 14.76 (7.31) 

Cortisol Time 2   21 19.52 (10.75) 19 19.42 (11.51) 47 15.87 (10.03) 

Cortisol Time 3   25 12.53 (10.55) 16 11.33 (7.35) 50 11.20 (7.68) 

Cortisol Time 4   23 6.52 (5.77) 15 5.00 (3.69) 52 5.33 (3.71) 

Cortisol Time 5   26 2.36 (2.52) 18 2.49 (2.72) 51 2.43 (2.17) 

CAR   21 3.63 (8.17) 17 1.80 (9.24) 47 1.19 (8.28) 

Cortisol ratio  19 12.57 (14.76) 14 11.23 (8.65) 44 7.97 (5.09) 

Cortisol day mean  16 10.76 (4.48) 11 10.55 (4.55) 44 10.11 (4.30) 

Note. CAR = Cortisol Awakening Response. Cortisol ratio = Mean of cortisol from T1 to T3 divided by the 

amount of cortisol at T5. 
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Multilevel regression analyses of the diurnal salivary cortisol secretion of 

adolescents 

In the linear mixed model analysis, we distinguished between the individual level 

and the repeated measurements level. As the addition of the family level did not 

significantly improve the model fit, we did not take the family level into account to 

explain the variance of adolescent cortisol. 

Multilevel analyses revealed that the amount of cortisol at all different time 

points was significantly different from cortisol at Time 1. At Time 2, there was a 

significant rise in the amount of cortisol. After Time 2, adolescents’ cortisol values 

significantly decreased over time until the lowest value at Time 5, see Table 6.3. 

Figure 6.1 shows differential trends in diurnal salivary cortisol of adolescents. Visual 

inspection suggested that the target groups had higher amounts of cortisol after 

awakening in comparison to adolescents with two healthy parents. However, no 

significant differences between the target groups and controls on cortisol secretion 

were found, see Table 6.3. We did find that, on average, the cortisol level through-

out the day was lower for female adolescents. In addition, older adolescents dis-

played higher cortisol values throughout the day. Parental depression was related 

to a lower level of cortisol. 

To investigate whether the effects of group membership and the covariates 

were consistent throughout the day, we checked interaction effects. We found no 

significant interaction effects of time and group membership. Regarding the interac-

tion effects of time and covariates, totaling 24 possible effects, we only found two 

significant effects (an age effect at Time 2 and an effect of SES at Time 3), which 

could be considered chance results. We also looked at interaction effects of the 

covariates and only found an interaction effect of children’s sex and age on cortisol, 

indicating that older girls displayed higher cortisol values throughout the day than 

other children. Exploratively, we looked at other interactions, but we did not find 

any significant effects. 
 

Table 6.3 

Diurnal Salivary Cortisol Pattern and Predictors of Adolescent Cortisol Secretion  

 effect SE p-value 

Time 1 (baseline) 15.77 .86 .00 

Time 2 deviance (Time 2 versus Time 1)  1.96 .90 .03 

Time 3 deviance (Time 3 versus Time 1) -3.88 1.10 .00 

Time 4 deviance (Time 4 versus Time 1)  -9.98 .94 .00 

Time 5 deviance (Time 5 versus Time 1)  -13.11 .82 .00 

Single parent vs. healthy parents .04 .50 .95 

Ill parents vs. healthy parents .91 .61 .14 

Children’s sex (female) -.77 .39 .05 

Children’s age 1.18 .19 .00 

Socioeconomic status  -.05 .22 .82 

Parental depression -.59 .23 .01 

Note. The sample consists of 100 children with each 5 measurements (n = 500). 
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Figure 6.1 

Diurnal Salivary Cortisol Pattern for Adolescents with Single, Ill, and Healthy Parents from Time 1 to Time 5 
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Time point                      Time 1           Time 2            Time 3           Time 4            Time 5 

Average sample time   8:31 a.m.      9:06 a.m.       9:37 a.m.     12:23 p.m.     20:15 p.m. 

6.4 Discussion 

This study aimed to assess differences between adolescents from families with 

single, chronically ill, and healthy parents in the diurnal salivary cortisol pattern. The 

study also examined the variance in adolescents’ salivary cortisol secretion at five 

times throughout a non-school day. Our hypothesis that the target groups would 

display higher morning cortisol values than controls was not supported. Adolescent 

salivary cortisol did vary throughout the day, and we did find effects of children’s 

sex and age, and parental depression. Children’s sex and age, and parental depres-

sion appeared to be correlated with the amount of adolescent cortisol, but these 

effects were not specific for morning or evening cortisol values as opposed to our 

assumptions. 

Although salivary cortisol did not differ between the groups, the target groups 

were confronted with an environment that was potentially more stressful in com-

parison to that of children who had two healthy parents. Regarding the family situa-

tion, adolescents with single and chronically ill parents proved to be at a financial 

disadvantage toward the comparison group. Parental depression was significantly 

elevated in families with a chronically ill parent, suggesting that adolescents in these 

families faced a relatively stressful situation. On the one hand, this potential stress-

fulness was not reflected in the salivary cortisol secretion of these adolescents. On 

the other hand, the observed trends illustrated that the CAR of the target groups 

was slightly higher compared to that of adolescents with healthy parents, which is in 

line with a study indicating higher morning cortisol values for children at risk for 
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family depression (Mannie et al., 2007). Still, in our study, group differences in corti-

sol secretion were not statistically significant. In addition, entering parental depres-

sion and SES as covariates did not reveal any differences in cortisol between adoles-

cents of single and/or ill parents and controls. This suggests that the target groups 

may be resilient in terms of the salivary cortisol reactivity to chronic stressors. Ac-

cordingly, qualitative studies (Newman, 2002) and quantitative studies (Annunziato, 

Rakotomihamina, & Rubacka, 2007; Taanila, Laitinen, Moilanen, & Järvelin, 2002) 

proposed that the target groups function well and may be resilient. Also, none of 

the adolescents showed a cortisol ratio below one, suggesting that the target 

groups displayed a healthy diurnal cortisol pattern (Susman et al., 2007). 

Considering the variability of adolescent cortisol levels, the amount of salivary 

cortisol significantly dropped over time. Unlike our expectation and most results 

from a review by Jessop and Turner-Cobb (2008), boys had higher amounts of sali-

vary cortisol throughout the day than girls. Our results indicated that the effect of 

children’s sex on cortisol was not specific for the morning. Other studies did not 

show sex differences in basal, morning, or evening cortisol (Jessop & Turner-Cobb, 

2008). In addition, three studies examining sex differences in response to stress 

tasks and corticotropin releasing hormone stimulation found higher levels of sali-

vary cortisol for adolescents and young adults (Kirschbaum et al., 1992). Possibly, 

we found higher cortisol values for boys because our sample consisted of older 

adolescents in comparison with samples indicating higher values of cortisol for fe-

male children (Jessop & Turner-Cobb, 2008). In line with previous research, espe-

cially older adolescents displayed higher cortisol amounts (Tornhage, 2002; Walker 

et al., 2001). Our assumption that adolescents especially exhibit higher morning or 

evening cortisol levels with rising age was not supported. The review by Jessop and 

Turner-Cobb (2008) generally found mixed results concerning the relationship be-

tween children’s age and cortisol secretion, leading to the conclusion that it may be 

preferable to differentiate salivary cortisol secretion within small age ranges. Inter-

action effects between children’s sex and age (within small ranges) should also be 

considered. We followed these recommendations in our study and divided adoles-

cents in three age groups. In our study, we did not find significant effects for age 

ranges. However, results confirmed an interaction effect between children’s sex and 

age on cortisol, so older girls displayed higher cortisol values throughout the day. 

Furthermore, SES was not related to the amount of cortisol, contradicting find-

ings that there is a significant relationship between SES and adolescent cortisol 

(Chen & Paterson, 2006; Essex et al., 2002; Gustafsson et al., 2006). It is possible 

that we did not replicate the findings from Chen and Paterson (2006) because we 

operationalized SES with family income and not as an indicator of prestige within 

society. Chen and Paterson conducted correlations showing that lower family in-

come was associated with lower adolescent cortisol. However, family income was 

not a significant predictor of adolescent cortisol after controlling for neighborhood 
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SES (Chen & Paterson, 2006). Moreover, our study provided evidence that parental 

depression was associated with lower cortisol values throughout the day, which can 

be interpreted as a flattening effect of the exposure to chronic stressors on cortisol 

(Davies, Sturge-Apple, Cicchetti, & Cummings, 2008). We did not replicate the find-

ings of a study on postpartum depression concluding that adolescents especially 

display higher amounts of morning cortisol (Halligan et al., 2004). Possibly, the ef-

fects of parental depression on salivary cortisol in adolescents also depend on the 

type of depression, the sex of the depressed parent, and whether there was a prior 

episode of depression (Essex et al., 2002). In our study, we did not measure depres-

sion as a clinical diagnosis but as a function of depressive symptoms, which could 

explain our finding as well. Further, our results demonstrate how valuable it is to 

control for sex, age, SES, and depressive symptomatology in cortisol studies (Clow, 

Thorn, Evans, & Hucklebridge, 2004). We note that our findings may be difficult to 

compare with those of the current literature because our sample was unique in the 

sense that half of the sample was subject to at least one potential family stressor 

(i.e., divorce, absence of spouse, parental illness and/or depression, and low SES). 

Although the sample size of the target groups was small, we gained statistical 

power from repeated measurements. Besides, the number of predictors in linear 

mixed modeling was limited. An issue could be that children did not follow the cor-

tisol instructions according to the protocol, but it should be noted that we removed 

unreasonable values and outliers from the sample and that this limitation would 

have applied to all groups equally. Further, we did not control for menstruation 

cycles and Tanner stages in girls. We also did not control for physical activity, drug 

use, or medication intake of the participants. Last but not least, this study did not 

use alternative physiological stress measures such as alpha-amylase, an enzyme 

helping to detect catecholamines in the blood which are representative of high 

stress levels. Alfa-amylase involves activation of the sympathetic nervous system, 

whereas cortisol measurements only help to draw conclusions about the function-

ing of the parasympathetic nervous system (Granger et al., 2006). 

Future research on the target groups should take into account the parasympa-

thetic-sympathetic feedback cycle including cortisol, alpha amylase, heart rate, skin 

conductance level, and self-report of stress (Granger et al., 2009). Researchers may 

benefit from a larger sample to compensate for the measurement errors and fluc-

tuations inherent to cortisol sampling. Moreover, it is not clear which features de-

termine that the target groups show a healthy diurnal cortisol pattern despite fam-

ily stressors such as parental depression, so these protective features should be 

examined further. 

In conclusion, our study is the first to document differential diurnal cortisol pat-

terns in adolescents from single parent families, families including a chronically ill 

parent, and families with two healthy parents. The study is unique concerning the 

simultaneous assessment of family, parent, and child variables based on self-report 
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and physiological measurements. The lack of significant differences in adolescent 

cortisol secretion gives reason to believe that children of single and chronically ill 

parents may be resilient in terms of salivary cortisol as opposed to what research on 

self-report of stress and problem behavior in the target groups suggests (Sieh et al., 

2010a; Van der Valk, Spruijt, De Goede, Maas, & Meeus, 2005). Explaining the vari-

ance in salivary cortisol of adolescents depends on time of sampling, children’s sex 

and age, and parental depression. 




