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12Abstract This study examines day-to-day patterns of salivary cortisol and dehydro-
13epiandrosterone (DHEA) under baseline conditions and in response to mild stress
14among 59 children residing in a rural Caribbean village. Cortisol secretion showed
15the typical circadian variation with high levels in the morning. Children showed
16significant increases of cortisol before and during a videotaped interview when com-
17pared to routine days. DHEA levels were positively associated with cortisol levels;
18however, within-day secretion of salivary DHEA was more stable than cortisol and
19DHEA levels did not change significantly during the day. Average DHEA concentra-
20tions were positively associated with age but did not show the sharp increase that is
21usually observed at the onset of adrenarche. These results highlight both similarities
22and differences in the secretion of cortisol and DHEA during childhood among rural
23and industrialized human populations.
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26Introduction

27Cortisol and dehydroepiandrosterone (DHEA) are adrenal steroids that can be reliably
28measured in saliva where they are highly correlated with total hormone blood levels
29and with free hormone concentrations in plasma (Goodyer et al. 1996). Although
30cortisol’s metabolic functions are well known, DHEA’s physiological role remains
31unclear. DHEA is the most abundant circulating androgen in the human body. Despite
32its very low androgenic activity, DHEA can be converted to testosterone (T), dihydro-
33testosterone (DHT), and estrogen (Labrie 2004) in peripheral tissues. DHEA is also
34secreted by the gonads, and it is synthesized de-novo in the brain, where it can act as a
35neurosteroid (Conley and Bird 1997; Corpechot et al. 1981; Majewska 1995). Animal
36studies show that DHEA may have anti-glucocorticoid effects, such as decreasing the
37neurotoxic effects of high cortisolemia on the hippocampus (Karishma and Herbert
382002; Kimonides et al. 1999).
39Much research on cortisol and DHEA in psychology and anthropology has focused
40on the effect of stress on these hormones. In response to an acute stressor, such as a
41socio-evaluative event, the hypothalamus secretes corticotropin-releasing hormone
42(CRH), CRH then stimulates the production of adrenocorticotropin hormone (ACTH)
43from the anterior pituitary gland and ACTH, in turn, stimulates the secretion of cortisol
44from the adrenal gland (McEwen and Gianaros 2010). If stress becomes chronic, the
45initial hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis is usually follow-
46ed by hypoactivity and chronic hypocortisolism (Fries et al. 2005; Miller et al. 2007;
47Jankord and Herman 2008). Similar to cortisol, the secretion of DHEA depends on
48ACTH, and DHEA is released during acute psychosocial stress along with cortisol
49(Izawa et al. 2008;Q1 Lennartson et al., 2012; Q2Marceau et al., 2014; =Q3Shirtcliff et al., 2007).
50However, the DHEA response to stress is not as well characterized as the cortisol
51response, and little is known about changes in DHEA in relation to chronic stress.
52A pre-requisite for understanding the impact of acute and chronic stress on hor-
53mones such as cortisol and DHEA is knowing their diurnal patterns of fluctuations and
54their age-related changes early in life. In humans, cortisol secretion exhibits a circadian
55rhythm that relates closely to the time of waking (Edwards et al. 2003). Cortisol levels
56peak within one hour after waking and then steadily decrease until reaching their lowest
57concentration in the evening (Weitzman et al. 1971). This diurnal fluctuation in cortisol
58levels has been observed in infants as young as 3 months old (Price et al. 1983), and
59continues to occur through childhood (Gunnar and Quevedo 2007). Baseline cortisol
60levels are relatively stable, with slight increases during childhood and aging (Styne and
61Grumbach 2008). Diurnal fluctuations in cortisol levels are also stable over time, in the
62absence of stress or pathological conditions (Edwards et al. 2003; Hruschka et al.
632005), although hormonal fluctuations in relation to mood can occur (Adam 2006).
64The body’s secretion of DHEA generally follows the diurnal pattern of cortisol
65(Auchus and Rainey 2004; Ibanez et al. 2000; Rosenfeld et al. 1971), with morning’s
66higher levels waning as the day progresses. However, DHEA does not appear to spike
67after awakening and is more stable than cortisol during the day (Hucklebridge et al.
682005; Granger et al. 1999; Q4Labsy et al., 2013). DHEA begins to be secreted at high
69levels during mid-childhood, in conjunction with the occurrence of adrenarche (Auchus
70and Rainey 2004; Nguyen and Conley 2008) and the pattern of DHEA secretion over
71the life span is different from that of cortisol (Auchus and Rainey 2004; van Cauter
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72et al. 1996). Given DHEA’s antiglucocorticoid actions, some have speculated that the
73function of adrenarche is to protect the developing brain from high cortisol neurotox-
74icity resulting from an increased exposure to socially and physically stressful events
75(Campbell 2006; Flinn et al. 2011).
76In addition to knowledge of diurnal fluctuations and developmental changes in
77hormone secretion, to fully understand hormonal responses to stress it is also important
78to take into account individual differences in hormone baseline levels. Before puberty,
79basal and reactive cortisol secretion does not show significant sex differences (Kajantie
80and Phillips 2006), while in adults either no sex differences or higher basal cortisol
81levels in men have been reported ( Q5Kudielka and Kirschbaum 2005). Sex differences in
82DHEA secretion begin at puberty and women appear to have higher levels of DHEA
83compared to men ( Q6Sulcova et al., 1999). Differences in basal levels of cortisol and
84DHEA have also been reported in relation to ethnicity. For example, higher levels of
85serum and urinary adrenal steroids have been reported in African-American and
86Caribbean-Hispanic girls relative to European American girls ( Q7Girgis et al. 2000;
87Havelock et al. 2004; Pratt et al. 1990), while flatter diurnal slopes of cortisol have
88been reported in African-American and Hispanic adolescents, regardless of sex
89(DeSantis et al. 2007). The reasons for these differences are not clear and may involve
90genetic, metabolic (Girgis et al. 2000) and social (DeSantis et al. 2007) factors.
91Most data on diurnal fluctuations, developmental changes, and interindividual
92variation in baseline cortisol levels have come from western industrialized societies;
93very few cross sectional or longitudinal studies of salivary adrenal steroids (either under
94basal conditions or in response to stress) in children from developing countries have
95been conducted (Nyberg 2012; Flinn and England 2003; Flinn 2009; Hruschka et al.
962005). In this study, we investigated salivary cortisol and DHEA in a population of
97children residing in a rural community on the island of Dominica. Our aims were: 1) to
98describe diurnal fluctuations and day-to-day stability and changes in the salivary
99concentrations of the two adrenal steroids under basal conditions, 2) to investigate
100cortisol and DHEA responses to a mild psychosocial stressor, i.e., a structured inter-
101view to collect sociometric data; and 3) to describe age-related changes in salivary
102cortisol and DHEA using a cross-sectional approach.

103Methods

104The protocol used in this study was approved by the Institutional Review Board of the
105University of Missouri.

106Subjects and Saliva Collection

107Study subjects were 59 children (27 girls and 32 boys, mean age 7.83) living with their
108families in the village of Bwa Mawego, on a mountainous coastal region of Dominica.
109Approximately 500 residents live in households clumped in 5 neighborhoods. Until
1102009 only one main road was paved, therefore each household could be reached only
111walking through rough, hilly tracks. Saliva samples were collected from children by
112research assistants, who walked set routes from house to house (Flinn and England
1131995). Children provided saliva samples three times a day on four days during the
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114summers of 2008 and 2009, while they were on summer school break. During July
1152008, saliva samples were collected once in the early morning (6:00 am-9:00 am), once
116in the late morning-early afternoon (10:00 am-1:00 pm), and once in mid-afternoon
117(2:00 pm-5:00 pm). During August 2009, saliva samples were collected once in the
118early morning (8:00 am-10:00 am), once in the late morning (10:00 am-12:00 pm), and
119once in the early afternoon (12:00 pm-2:00 pm). Information regarding children’s wake
120up times was obtained from their relatives (usually a parent or an older sibling). Saliva
121was collected by passive drooling through a straw into a polypropylene tube after
122stimulation of saliva with spearmint gum.
123For a subset of children (n=44) saliva samples were also collected in association to a
124mild psychosocial stressor, i.e., a videotaped standard interview used to gather infor-
125mation about the children’s peer social networks. The interviews took place in the
126children’s homes during the summer of 2009. During the interview, children were
127asked to identify other children with whom they spent time and played and to rate their
128best friends and least-liked children on several social measures (Benenson 1990; Cairns
129et al. 1995). Interviews lasted, on average, 20 min, ranging from 10 to 36 min.
130Relatives (e.g., siblings, mothers) were always in the house during the interview and
131were often present in the same room as the children. Three samples of saliva were
132collected: before the interview, right at the end of the interview, and 15 min afterward.
133The interviews were conducted in the afternoon between 2 and 6 pm for all but four
134children that were interviewed in the morning.
135Salivary hormone concentrations were measured using an enzymatic immune assay
136(Salimetrics LLC) at the Evolutionary Physiology and Ecology Laboratory of Indiana
137University. Intra-assay coefficients of variation (CV) were less than 5 % for cortisol and
138less than 8 % for DHEA. Inter-assay CV was 16.4 % for cortisol and less than 10 % for
139DHEA.

140Statistical Analysis

141Descriptive information about the study subjects is reported in Table 1. To test if
142missing values resulting from samples containing hormones below the detection
143limit were dependent on sex and age of the child we run logistic regression analyses
144for repeated measure using proc GENMOD (SAS 9.3) (Table 2). Growth models
145with three levels in which samples were nested within day and days were nested
146within subject (Hruschka et al. 2005; Singer 1998) were used to investigate the
147effects of time of collection relative to time since wake-up and several predictors of
148cortisol and DHEA. First, an unconditional means model was tested. This model is
149used to determine if significant variation exists at each level to warrant further
150analysis (Singer and Willett 2003). A conditional growth model was then tested,
151which helped to partition the variation between and within days and individuals in
152rate of change. In this model, time since wake-up (in hours) was entered as a level 1
153parameter. Time since wake-up was centered at its grand mean, 5.6 h post-waking.
154The relative amount of within- versus between-individual variation was evaluated
155by means of the intraclass correlation coefficient (ICC) using the formulas in
156Hruschka et al. (2005). The ICC measures the reliability of repeated samples from
157the same individual. Restricted maximum-likelihood estimation (REML) was used
158to test significant random effects.
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159Models were built by adding each hypothesized parameter one at a time. We first
160controlled for the effect of time of day, then we added age (a person level predictor)
161followed by sex (a person level predictor) to test developmental and sex effects. To
162determine if the interview elicited physiological responses we followed two ap-
163proaches. First, we analyzed if there were differences between the three samples
164collected during the interview by means of a repeated analyses using a covariance
165pattern model (CPM)(Fitzmaurice et al. 2004). This method required the elimination of
166the 4 children who provided saliva during early morning resulting in a total of 40
167children analyzed. In the second approach we added a day level dummy variable to the
168growth models. This dummy variable was coded as 0 if the sample was collected
169during a regular day and 1 if the sample was collected during the day of the interview.
170To test which model fitted better between the growth models, nested models were
171compared using the Maximum Likelihood (ML) deviance tests, which simultaneously
172tests for fixed and random effects (Singer and Willett 2003). This approach requires the
173subtraction of the −2 Log likelihood (−2LL) between two competing models. The
174deviance is distributed as a χ2 with degrees of freedom (df) equal to the difference in
175parameters between the two models. In order to normally distribute the values, cortisol
176and DHEA concentrations were expressed in nmol/l and log-transformed.

t1:1 Table 1 Descriptive statistics

t1:2 2008 2009 interview

t1:3 Males Females Males Females Males Females

t1:4 N 28 24 25 18 23 21

t1:5 Age 7.64 (5–11) 7.95 (5–11) 7.91 (5–11) 7.89 (5–10) 7.86 (5–11) 7.95 (5–10)

t1:6 2008 2009 Interview

t1:7 Samples
x child

5.19±0.13 4.18±0.24 3

t1:8 Wake-up
time

Day 1 6:44 am (4:00–9:20 am) 6:52 am (5:00– 10:00 am) 6:56 am (5:00– 8:36 am)

t1:9 Day 2 6:37 am (5:00–8:45 am) 5:44 am (5:45– 9:10 am)

There were 21 boys and 15 girls that provided samples during both years for a total 36 children representing
60 % of the entire population sample. Across the two years there were 28 children that provided samples
within 30 min since waking up, representing 4 % of the entire salivary sample. Ages and wake-up times are
given as mean and min-max range (in parenthesis)

t2:1 Table 2 Number of samples below the detection limits of the assay

t2:2 Hormone Below Detection Limit Log-likelihood (SE)

t2:3 Cortisol 6/591 (1 %)

t2:4 DHEA 119/591 (20 %)

t2:5 Age −0.22 (±0.07)*

t2:6 Sex (Boy) 0.42 (±0.22) †

The probability that a sample is below the detection limits for DHEA as a consequence of the child age or sex
are reported as log-likelihood based on repeated multiple logistic regression analysis.*p<0.05, † p<0.10
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177Results

178Cortisol

179Cortisol decreased significantly throughout the day (Table 3; Fig. 1). Age and sex were
180not significant predictors of cortisol change and therefore were dropped from subse-
181quent analyses (Table 3). The growth model analysis revealed that samples collected
182during the day of the interview had higher concentrations of cortisol relative to non-
183interview days ( 010=−0.85, p<0.01; Fig. 2). However, analyses of the three samples
184collected during and shortly after the interview failed to show statistical increases of
185cortisol (F2,75=0.10; p=0.90; Fig. 3). Within-day reliability of cortisol samples condi-
186tional to time since wake–up and interview was ICC=0.27. Between-day reliability,
187representing the correlation between all samples from the same subject, was ICC=0.14.

188DHEA

189DHEA did not significantly change through the day (Fig. 1), therefore time of day was
190dropped from subsequent analyses. The best model explaining DHEAvariation showed
191significant effects of age (hormone concentrations were lower in younger than in older
192children) and cortisol (Table 4, model 7). This result is corroborated by the fact that the
193likelihood of finding a sample below the detection limit of the assay was higher in
194younger children (Table 2). Intermediate models testing for a quadratic effect of age (as
195it would be expected in case of adrenarche) and sex were not significant.
196In the model testing the effect of interview, DHEAwas higher during interview days
197compared to days in which there was no interview, but this effect disappeared when
198cortisol was added to the model. DHEA increased in a linear fashion throughout
199childhood ( 001=0.14, p<0.01) and there was a significant positive correlation between
200DHEA and cortisol levels ( 003=0.16, p<0.01). To make the ICCs for DHEA and
201cortisol comparable, we calculated the ICC for DHEA in the same way as we did for
202cortisol, controlling for time since wake up and interview. Within-day reliability of
203DHEAwas ICC=0.35 while between-days reliability was ICC=0.14.

204Discussion

205Our study provides new information about salivary concentrations of cortisol and
206DHEA, both under baseline conditions and in response to mild stress, among
207children living in a rural village in Dominica. Although our sampling methodol-
208ogy prevented us from measuring the cortisol awakening response, we were able
209to demonstrate the typical cortisol diurnal cycle, in which concentrations were
210higher in the morning and lower in late afternoon. Unlike cortisol, DHEA did not
211exhibit significant variation in relation to time of the day. Since previous studies
212reported a DHEA circadian rhythm similar to that of cortisol in children, adoles-
213cents, and adults (Hucklebridge et al. 2005; Matchock et al. 2007), it is possible
214that our negative finding reflects our inability to systematically collect saliva
215samples upon awakening (only a few children in our study provided saliva
216samples within 30 min of waking up).
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217Cortisol concentrations measured within the same day were weakly correlated
218though more highly correlated than cortisol concentrations measured on differ-
219ent days. These results are similar to those obtained by Hruschka et al. (2005)
220in Mongolian children. Salivary DHEA showed a slightly higher stability within
221days when compared to cortisol. Although Hucklebridge et al. (2005) showed
222that salivary DHEA levels from the same individual are highly correlated within
223and between days, they used a population of adults and therefore their results
224may not be directly comparable to ours.

t3:1 Table 3 Model comparisons for Cortisol

t3:2 Parameters Model 1 Model 2 Model 3 Model 4 Model 5

t3:3 Intercept 0.38(0.05) 0.38 (0.50) ** 0.38 (0.50) ** 0.31(0.07)** 1.07(0.10)**

t3:4 Time since waking −0.11(0.01)** −0.11(0.01)** −0.11(0.01)** −0.14(0.01)**
t3:5 Age - −0.04(0.02)† − −
t3:6 Sex (Female) 0.16(0.10) −
t3:7 Interview (0) −0.85(0.10)**
t3:8 Random effects (variance components)

t3:9 Level 1

t3:10 Residual 0.68(0.05)** 0.50(0.03)** 0.50(0.03)**
0.50(0.03)**

0.51(0.03)** 0.50(0.03)**

t3:11 Level 2

t3:12 Var Intercept 0.07(0.04)† 0.20(0.05)* 0.21(0.05)** 0.20(0.05)** 0.09(0.03)**

t3:13 Level 3

t3:14 Var Intercept 0.11(0.04)* 0.05(0.04)† 0.03(0.03) 0.04(0.03)† 0.09(0.03)**

t3:15 Model fit

t3:16 −2 log-likelihood
(−2LL)

1,540.7 1,448.4 1,445.7 1,446.1 1,388.3

Estimates are based on log transformed values. Model 5 was chosen based on the deviance test, based on a χ2

distribution with df equal to the difference in parameters between the two model compared. Time since waking
and age were centered to their grand mean. The number of observation was the same for every model and was
equal to 585. † p<0.10; * p<0.05, ** p<0.01

Fig. 1 Daily cortisol and DHEA distribution in the population of children from Bwa Mawego, rural
Dominica. Dots represent cortisol and DHEA mean values on a 30 min intervals
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225We found that cortisol was positively associated with DHEA output once age was
226controlled for. This association may be due to joint regulation of the two hormones by
227ACTH or to correlations between the two hormones and anthropometric characteristics
228such as body weight and nutrition (Remer and Manz 1999). DHEA showed a stronger
229association with children’s age than cortisol, DHEA levels being higher in older
230children. These results are consistent with those of previous research showing that
231basal plasma and salivary cortisol levels change only slightly throughout childhood and
232adolescence, whereas DHEA secretion shows a stronger increase with age (Ducharme
233et al. 1976; de Peretti and Forest 1976; Parker et al. 1983). In our study, however, we
234did not detect the sharp increase in DHEA levels that has been reported to occur in
235conjunction with adrenarche (Hopper and Yen 1975). Furthermore, although some
236studies have reported a sex difference in the timing of the increase in DHEA relative
237to adrenarche, or in overall DHEA concentrations (Ducharme et al. 1976; de Peretti and
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238Forest 1976; Hopper and Yen 1975), we did not find significant sex differences in
239salivary DHEA in the children from this population. However, the likelihood of
240measuring samples with DHEA below the detection limit of the assay was higher
241when the samples were collected from boys, suggesting that some boys may indeed
242have had lower DHEA than girls.
243Salivary cortisol concentrations were significantly higher on the day children were
244interviewed than on non-interview days. Being videotaped during an interview was a
245relatively novel procedure for the children in this study and may have been perceived as
246stressful. It is also possible that the children were uncomfortable discussing peer
247relationships in the presence of their relatives. However, there was no significant
248increase in cortisol in the sample collected shortly after the interview when compared
249to the pre-interview sample. Therefore, it is possible that the high cortisol on interview
250day reflected heightened arousal in the anticipation of the interview rather than a
251response to the interview itself. Either way, our results are consistent with those
252obtained in previous studies of this population in showing that children’s HPA axis is
253extremely sensitive to social events and changes occurring in their daily lives (Flinn
254and England 1995, 2003; Flinn 2009) and a similar anticipatory effect of social
255challenges on cortisol levels has also been reported for North American children and
256adolescents (Klimes-Dougan et al. 2001; Hastings et al. 2011). Similar to cortisol,
257DHEA was higher during interview days compared to days in which there was no
258interview. This effect may be the result of the correlation between DHEA and cortisol
259and it may suggest a direct mediating effect of cortisol (Topor et al. 2011) or an indirect
260mediating effect of ACTH. But based on our data, we conclude that our study provides
261no evidence that DHEA is as sensitive to mildly stressful, or arousing, events as cortisol
262is; the observed DHEA secretion in the anticipation of a mildly stressful event may be
263secondary to cortisol secretion.
264Consistent with the data from previous studies of children from this population
265( Q8Flinn and England 1995; Flinn 2009), the salivary cortisol levels measured in this
266study appear to be within the norm of western industrialized societies. Although the
267generalizability of our findings is limited by the relative small sample size of our study,
268our results can be the basis for future work investigating the maturation of the HPA axis
269during childhood and its sensitivity to the social environment in subject populations
270living in rural communities.
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