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Hormones and Atfect al Early Adolescence

We assessed the relationship between hormones and mood states within the individual
across time, Forty-five children {24 910 year old females; 21 11-12 year old
males) and their parents participated. The children provided first morning voids of
urine and a sample of saliva three days a week for 4 censecutive waeks. Both children
and parenis provided daily reporis of the ciidren's maoods, affective states, and related
behaviors the evening of each day preceding a hormone sample collsction. (Other
psychosoctal measures wers also collected.) We assayed lastosterone and progesterons
in the saliva samples and estradict, FSH, and LH in the urine samples. Today we will
prasent our inltial analyses of these data. The presentation wil facus on the following
Issues:

1. Importance of measuring both hormones and moods across fime,

2. Botween subject analyses of the relationships between hormones and moods
for boys and girls as a group and for boys and girls within each of the first three
pubsertal stages.

3. Within subject analyses of the relationships between hotmones and moods.

4. Possible reasons for Individual differsnces In the strength of the
relationships between hormones and moods.

Importance of measuring hormones and moods across tlime,

Many studies of hormones and moods collect measures of both typas of varlables at one
point In time and then do batwesn gubject analyses to assess the strength of association
between hormenses and moods or behaviors. This stratagy provides some insights into the
role hormons levels might play In axplaining individual differences In moods or
hehaviors; for exampte, whether sex differances in aggression are associated with 36X
differences in androgen concentrations. It does not, however, allow us to assess whether
varying levels of hormones are associated with varying fevels of elther moods or
behaviors at the individual level. H aiso provides relatively little insight into the degree
of varlablilty of hormones and moods across tima during the adolescent parlod even
though It is this variabilly that is assumed to characterize this developmental period.
Finally, bacause it provides no index of varlabillty of elther hormones or moods and
behavlors, i provides no information on the assoclation between the impact of hormone
vattability on moods and behaviors. Our study was designed to overcome these problems:
We have collacted both hormones and mood and behavior ralings at multiple tima poinds.

Before pressnling evidence of the association between hormanes and moods, we'd like
to present some summary Information about the variabllity of hormones and moods
during the early adolescent pariod.

STABILITY AND VARIABILITY OF MOODS.

Firgt, I'l discuss hormones. To slmplify this presentation, we created withia
subject means and varlances across time; that I8, we averaged each subjects multiple
measures Into two summary measires: a mean and a variance, Tabte  shows the mean of
the Indivdual subject mean levels, the mirimum and maximum levels for the individual
sublect means and the standard deviations of thess indlvidual subject monthly means for
the flve hormones we have assessed to date for boys and girls separately. As one would
expact, there is considerabfe between subject variance In the mean levels of hormones,
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With the exception ot LH and progesterons, bays and girls have approximately the same
mean levels and the same range of mean levals.

But more to the polit, Table 2 shows the mean variances, the maximum and minimum
varlances and the the standard deviations in the variances of our five hormanes for boys
and glrls separately. As you can see the range of indlvidual subject's varlance scores s
quite large, suggesting that hormone fevels are stable for some childron and unstable for
othes children In this age range. Given the potentlal Importance of variation itself as
well as the importance of obtaining “reliable” indices of hormone concentration levels
when one is doing longitudinal within or between subject analyses, thess dala call into
question the use of single indicators of hormonal cencentrations.

This peint is even more graphic when you look af the range of patterns in hormons
fluctuation across the month in this sample. The next set of graphs lllustrate individual
patterns for androgen In boys and progesterane in girls.  Figure One iilustrates an
unstable pattern for a boy In the early stage of puberly; Figure Two Hlustrates a more
stable paitorn for a more developed boy. Flgures Three and Four lllustrate two fatrly
stable patterns of progesterone In early pubertal girls; Figures Five and Six lliustrate
mare unstable patterns of progesterone in both an varfy and a mid pubertal girl,
Finally, Figure Seven illustrates an unstable but regular pattern of progesterone n a
mid puberial girl. This last figure lHlustrates an additional advantage of multiple
meagures. By having four weeks of data, we were able lo identlfy a sllent cycle in
several of owr glrls even though none of them was menstruating yat. Unforlunately, by
sampling only 12-14 points during the month, we may have missed evidence of the
beginning of sllent cycles in other girs,

STABILITY AND VARIABILITY OF MOODS.

As with our hormone measures, we created within sublect means and varlsnces across
fime for our mood and behavior composites; that is, we averaged each subjects multiple
ymood measures into two summary measures: a mean and a varance. | am guing to focus
‘today on four mood/behaviors that show some  consistent relationships to our hormone
Indlcators, Table 3 presants these measures. Children rated thelr moods and behavlors
ort the tems listed three times each week on the avening before they collected their urine
and saliva samples. Composites were created using cluster analysls; alpha coeflicenis
range from .72 to .68,

Table 4 shows the mean levels, the minimum and maximum lavels and the standard
deviations for four of the mood/behavior indicators for boys and girls separately. In
inspacting this table note that the scores ior anger/impatience and aggresslon wers
transformad using a log transformation due o the skewness In the distributions of the
actual scores; consequently, the absolute values of these descriptive stallstics can net be
comparad acrass alt four Indicators. As one would expect, there Is considerable between
‘subject variance in the mean levels for sach of ihese measures. By and targe, boys and
girts have similar mean levels and similar ranges for thelr mean ievels.

But mors to the point, Table 5 shows the mean variances, the maximum and minlmum
vartances and the the standard deviations in the varlances of thess four variables for
boys and girls separately. As you can see tha range of individual sublect's vartance
scores If quite large, suggesting thal mood/behavior levels are more or less stable
across individual children in this age range. This dagree of within subject variability
provides us with the necessary condltion for assessing the relationships between
hoermone varfation and mood/behavior variations al the level of the individual subject.

Hormone and Mood Associations
Overview of our methods

Hormones, We assessed three hormones in boys {LH, FSH, and Androgen) and
five hormones In girls (LH, FSH, Androgen, Estradicf, and Progesterone). Androgens and
progesterane were assessed in sallva; LH, FSH, and estradiole in urine. Saliva and urine
samples were collected sach morning In the homa by the subjects and stored in their
refrigerators until the end of each weelk of testing when the samples were pleked up and
dellvered immediately to our freezers al the Reproductive Endocrinology Program at the
University of Michigan. Our assays were done by technicians at the Reproduclive
Endocrinology Laboratory at the University of Michigan.

Moods, Our subjects provided us with self-ratings of thelr moods each of the
ihres evenings preceding the saliva and urine collsclion; f.e. Sunday night preceding the
Monday moming collection of saliva and wing; Monday night preceding the Tuesday )
morning cellaction; and Tuesday night precading the Wednesday morning colfection.

If subjects missed a day of collecting either their moods or thelr safiva and urine
samples, they were asked ic record this fact and then collect both types of data on
Wadnesday evening/Thursday morning or as soon as possible. They were agsked fo racord
the exact day on which the make-up data were collecled.

Porcelved Puberial Status. We used Petersen st al's (1985) Scals of Pubertal
Development to assess the children’s parcaplion of thelr own pubertal development, We
created pubertat development composites using the formula developad by Petersen 1o
simulate Tanner stages. Not surprisingly, given the age of our children, cur sample fed
Into the first three slages only.

Overview of analyses.

We are reporting on two types of analyses: Belwean sublect analyses and within
subject analyses. 1 will say mors about each of these as | gat lo that seclon. We are also
raporiing on two types of lags. Since we use both types of lags for hoth batween and
within subject analysas, | will go over these lags now. As | explained, we have hormones
assays In both urine and saliva. These were gathered in the moming. We are assuming
that the assays in saliva {androgen and progesterons) reflect the concentyations of that
hormene in the blood at the moment of collaction. These hormones presumedly have not
yet had thelr affact on behavior. In contrast, LH, FSH, and estradiol were assayed from
the urine samples. These assays reflect the metabolites of these hormones; consequently
they represent active concentrations of the hormones during the precaeding day or
nighitime period. Moods and behaviors ratings were collected the evening befars urine
and sallva were collocled. This regimen is illustrated on Figure 8. We can test various
hypotheses about the causal direction of the associatlons betwean hormones and
moods/behaviors hy looking at various lagged analyses. For purposes of this discussion,
am assuming fairly short causal lag time batween changes in mood states and changes in
hormone concentrations,

For example, Figure 8 ltusirates the use of night mood ratings to morning salivary
hormones, This association is best interpreted as a predominantly behavior to hormona
iink In the absence of data indicating that the hormone levels are stable across time,
Contrast this figure wilh Figure 9 which lllustrates the use of a merning sallvary
hormone to night mood ratings.  This assoclation is best Interpreted as a predeminantly



hormone to behavior link in the absence of daia indicating thal the behaviors and moods
arp slable betwoon day 1 and day 2.

Interpreting varicus lagged relationships between the urinary hormones and
behavior ratings is more difficult because the lime between hormone metabolism and the
appearance of the metabolites in first morning urine is not fiemiy established. Since it
Is likely that the metabolites trom yesterday's hormones are present in first moraing
uring, we have no loglcal justification for interpreting any assoctations batween night
time mood ratings and next morning urinary hormones as reflacting either a hormona to
bahavior link or a behavior/mood to hormone link. This is ustrated in Figures 10 and
11. | Interpretations of significant associations beiwesn morning hormona concentrations
and same day evening behavior/mood ratings are a bit easler to justify; these probably
rapresent hormone to mood/behavior links, This is Husirated in Flgure 12. Given
limited time today, | am going to focus on the hormone to mood/behavior link and wil
draw your atterition to the evidence supportive of this intarpretation,

Between subject analyses

We have used several techniques to look at the association of between subject
concentrations of hormenes and mood/behavior ratings. At the grossest level, we used
hormone concentrations to predict mood ratings taklng each entry as a data point
fgnaring the fact that subjects are represented moare than once In the data set.
Very few significant results emerge and the relalionships are quile small,

Salivary.. Hormones;

Progesterone in_females: See Table 6.

Night 1o Morning Patterns

Get ne findings significant at <05 for population as a whole or at any of the three
pubertal levels. Weak positive association between progesterons and both
enargy level and aggression in mid-pubertal girls,

Merning. e Night Patterns:

Significant positive assoclation belween progesterone and aggression in total
sample and especially in early pubertal gitis. Comparing the results of these twe
lags suggests a hormons to behavior link for progesterone to aggression in girls.

h in females; See Table 7.

Night to Morning Patlerns

Consigtent and strong negative relationship between androgen and
anger/impatience at afl three pubertal levels,

Moinlng to. Night Patterns:

Significant negative associatlon between androgen levels and anger/impatience in
total sample and In mid-pubertal girls. Gomparing the results of the these two
lags suggests a feedback loop lnvelving causal effects in both directions.

Androgen in males: See Table 8.

Night 1o Marning Patlerns

Strong relationship between androgen apnd both anger/impatience and
aggression among pre-puberial boys; and between androgen and anget/impatience
for the population as a whole. The direction of these affects, howaver, differs for the
two dependent varlables: negatlve for anger/impatience and positive for

wun—mam_o:.. We also gel a weak posilive relationship between androgen and
energy lavel in early pubertal boys and in the population as a whole.

Morning. to Night Patterns:

Significant negative associations batwesn androgen levels and positive mood in
total sample and In early pubertal boys, Significart negative association between
androgen lovels and angerimpatience in mid pubertal boys. Comparing the
results of the two lags suggests thal bi-directional causal relationship between

m:n_.cnmsmm:nm:@miaumzm:omm:_uovam_._gm:oﬂaosm_cmzmnnn
anchogen and o b ausal link vm?mm:”

Urinary  Hormones:

Egladiol in females; See Table 9.

Night to Morning Paiterns

Significant negative assoclation belween estradiol and anger/impatience in whole

mmau_mm:a,:E_nv:sazm_u_:m.m_.m::_om_.:om_z,.mmmmcn_m:.o: .
estradiol and positive mood in whole sample. P ca,s_.mw:.

Morming to Night Patterrs;
Weak negative relationship between estradiol and an

ger/impatience and a weak
positive assoclation with mood in mid puberial and total sample. Comparing the

.s..a_mnm_u_,oiammmaamwcﬁuonE_,m:quo:a,oaoonnwcmmu lInk bex i
both anger/impatience and positive moods. e mmzma_o_ and

LH in_females; See Table 10.

Night to Merning Patterns

Signlficant positive association between LH and anger/impatience and positive
mood, and a negative association 1o aggression in early pubertal girls anly.

Agal .
gain relations are weak and limited to sub populations. Negative relationshi

; t . ship between
LH and energy in mid pubertai girls and a positve relationship cm_s_mmw LH and
aggression in early pubertal girfs. Comparing the two lags provides some support
for a feadback loop belween LH and hormone but only in early puberial giris. :

LH.In males: See Table 11.
Night to Morning_Patterns

m_::_oma:m ,
a%<w. gatlve relationship between LH and mood only in pre-pubertal

Morning to Night Patterng;

LH has positive assoclations with anger/impatience i
and a negative association

whh mood. However, since these relationships, as is true for the FSH resulls In boys,

are substandially weakened when days with extreme LM 8COT8S are removed, _:mmm.

assoclations probably reflect the powerful influence a fow exireme cases. Nonatheless

ﬁoﬁ%ﬂmzn ‘:mfammmmvain_@mmosm&mmr support for an LH 1o anger/impatience ink

ESH in females: See Table 12,
Night to Marning, Patterns

No signfficant relationships




Morning o Night Patterns;

No consislenl effects

ESH.in_males: See Table 13,

Night le Morning Patterns

Consistent and sirong negative associations betwsen FSH and both energy level
and moods in all hoys excepl pre-puberial boys. These effacts, however, like the
effects for LH, probably represent the impact of & few extreme scores because these

effects are substantially weakenaed when days with extreme FSH scores are removed from
the sample.

Morning 1o Night Patterns:
No consistent pattern, especially when oulliers are removed.
Summary.

In summary, we have fairly consisient evidence In support of the following hormone
te meod/behavior links.

1. Progesterone to relatively high levels of aggression in females.

2. Androgen to low levels of anger/impatience in both males and
females.

3. Estradiol 1o both low levels of angerimpalience and positive

Jmuoods In females.

4. LM 1o aggression in early pubertal girls only,
5. LH to negative mood in pre-pubertal boys.

6, Maybe a relationship of LH to relatively high levels of
anger/impatience in pre and early pubertal boys.

7. Pafterns of assaciation vary by pubertal group but the pattern is quite mixed,
The most consistent puberlal group effacts, howsever, suggest that slightly more
conslstant relationships may hold during the pre and early pubsrtal perinds than during
the mid pubertal perlods.

Beitween subject analyses controliing for repeated measurement.

The next set of analyses take advantage of our repeated measures 1o test between
subject effects. Assuming that you need muilipls measures of both harmones and moods
to establish reliable indlcators of chiidren's average hormone concentrations and moocds;
and of the varlabllity in chiltren's hormona concentrations, we calculated mean levels
and variances for each of these measures and then related these indices to sach other. We
made two types of predictions.

1. Children with higher msan concentrations on the harmone would evidence
higher mean levels of the mood/behavior In question,

2. Children with more variable hormane concentrations would evidance higher
mean ievels of the mood/hormone in question,

We have just begun the anaiyses testing these hypotheses. Mary Lou Tucker is doing the
anger/impatience and aggression analyses for her dissertation. Chrisly Miller is doing
the energy and mood analyses on females only for her dissertation.  Their initlai
findings are summarized briefly here. Rather than remove culiiers in these analyses,
we used log transformation where appropriate bafore analyzing our data.

Several Interesting sffects emerged from Mary tou Tucker's analyses of
anger/impatience and aggression. In general, in predicting anger/impatience and
aggression, variance indicators were more often signiticant in the predicted direction
than mean concentration levals. :

a. Using the hormone standard deviation to predict mean levels of
anget/impatience and aggression, high standard deviation in androgen
concentrations was assoclaled’ with high mean levels of reported
anger/iimpatience (R-squared = .11) and aggression {R-squared = .16). ANCOVA
analyses Indicate that these effects do not vary by sex of child even though the
cosfficlents are differant (the females’ coefficient Is larger In sach case).

b, Again using the hormone standard deviation to pradict mean tevels of
angerfimpatience and aggression, there is a positive assoclation belween high
variance in progesterone and reported mean levels of aggression in girls (R-
squared = .17).

¢. Using the mean hormone concentration to predict maan lavels of
angerimpatisnce and aggression yielded a counter-infuitive result: Higher mean
congentralions of androgen predicled lower mean levels of anger/impatience in
both males and females {Coefficents = .16 and -.18 respectively).

d. Again using the mean hormone concentration 1o pradict mean levels of
angerfimpatlence and aggression yielded a weak positive association between
progesterone concentrations and reported mean levels of aggresston in girls
(R-cosfflcient = 27).

Equally Interesting results have emerged in Christy Miller's analyges. She is using a
different measure of mood. Instead of using the item asking whether they wera in a
positive or negative mood, Christy has looked at the Individual moods themselves and
grouped these moods into two mullivariate clusters: a positive mood and a nagative mood
clugtor. She has calculated two scores for each of thess two clusters: an mean intensity
score which reflects the monthly average of the chiid's dally deviation from the
poputation modal response; and a mean variabllty score which is the varance across the
month for each child's dally intensity scores.

A siightly different pattern emerges In Christy's data. Whan pubertal stage is not
controlled, it is the concentration level, not the varability of the hormone that is a
significant prodictor. Relatively high concentrations of FSH only are associaled
with relatively high Intensity of negative moods {especlally nervousness
and shame), Average concentration of FSH only is also posilively related to both
positive and negative mood variabllity across the month but more so for negative
mood variablify. Finally, average concentrations of FSH only is posHivety
related to reporled variabiilty in energy levels. Consistert with Mary Lou's
findings, Christy also finds & negative association between maan androgen
concentrations and impatience.



Within Subject Analyses

Whhin subject regression analyses wers to used to measure the strength of the
refatlonship between dally variations in these harmones and fluctuations In compoesite
Indicators of our four mood/behaviors, Gonsistent wlith the analyses already reported,
we usaed both types of lags in these analyses and will focus on those that provide the most
conslstent support of a hormone to mood/behavior link.

Given that the Individual subject [s the sample in these analyses, the number of
observations In each regression is quite smali (belween 9 and 14), Consequently, one
would need a very large R-squared for sach analyses to be significanl. However, it is
unlikely that hormones account for a large proportion of the variance in moads and
behaviors if they account for any at all. Ideally, then to test for a signlficant association
at the individual level one would need many mare observatlons than one could reasaonably
axpact o get from a voluntser sample. How then do we assess the significance of our
results? We counted the proportion of individuals that produced an R-squared value of
greater .10. These proportions are reported on Tables 14 and 15. We looked for
proportions highar tharn 60%.

Consistent with the hypothesis of greater hormene to mood/behavior links, a highar
propertlon of females show a relationship between hormones and the mood/behavior
Indices on the morning to might analyses than on the night to morning analyses. But more
Importantly, only two sets of regressions yield proportiens  higher than 60%.:
Progesterone and energy level: and progesterene and aggression. But the
difection of tha relationship was not cansistent across Indlviduats: 1t was positive for
seme and negative for others, suggesting a complax relatlonship betweon progasterane
and both energy and aggression,

Males: Sallyary Hormongs

Again consistent with the hypothesis of greater hormone to mood/behavior links, a
higher proportion of males show a relationship between androgens and the
meod/behavior indices on the mornfg to night analyses than on the night to morning
analyses. Furthermore, these proportions are guile high, especially for
anger/impatience, suggesting that the assoclation belween androgens and
anger/impatience Is characteristic of most boys. But, as was true for progestarona,
the diraction of the relationship varied across individuals.

males: Lrin Hormon

The bulk of the evidence for urinary hormores supports a hermone to mood/behavior
link. | This link is most reflably demonsirated for associalion betwesn FSH and
anger/impatience and between LH and mood. As was true for the betwesn subjact
analyses, there is also evidence of an assoclation between esltradiol and both
anger/impatience and mood, Again, the direction of all of these relationships varied
across Individuals,

Once again the bulk of the evidence supports a hormone to moad/behavior fink. This
ink i most reflably demaonstrated for the positive association between LH and

aggression. There is also evidence of an assoclation belween FSH and
anger/impalience, mood, and aggression In the morning hormone to evening
mood/behavior ralings, but the direction of these relationships varled across
Individuals,

Summary.and Discussion

The different types of analyses presented here have yielded some consistent and some
Inconsistent patterns of results, The link between androgens and
anger/impatience yloided the most consistent pattern especially for the hormone
variance ndicalors. Having high mean concentrations of androgens is not assoclated
with high mean levels of anger/impatience or aggression. Instead it is the peopls who
have the most variable concentrations of androgens who have the highest mean levels of
anger/impatience, and the within subject analyses suggest that they are the angriest
when thelr gencentrations are relativaly. low.

The link between progesterone and aggression in glils also yielded a fairly
cansistent pattern even though the assoclations were quite weak in some analyses., This
positive association is evident for both the mean concentration levsls and the variabifly
of progesterone suggesting that both high levels and highly {fluctuating levels of
progesterons are associated with relatively higher levels of aggression in females.
Individuai analyses complicate this paltern, however. In these analyses the assockalion
is positive in some children and negative in others, suggesting that aithough there is a
trend in the aggregaled dala toward a positive association between progasterong and
aggrassion, this trend is not characteristic of all of the girls who appear to be sensitive
to the effacts progesterona. :

LH seemed fo have an effect on boys only and anly in the within subject analyses:
LH was positively assoclated with aggression In these analyses.

In contrast, FSH had effects on both males and females but the eonsistency in the
pattern of these associations varied across sex. Evidence of an assoclation betwaer FSH
and anger/impatience emerged for males but gnly In the within sufject analyses, and
the diraction of the association in these analyses varied across individuals. Evidence of a
pogitive association batween FSH and anger/impatisnce in some females emargad in both
ihe within and belween subject analyses, However, the associafion of FSH and bolh mood
and angerimpatience was negative for al least some of the girls, suggesting agaln that
not girls who are sensiiive 1o the sffects of particular hormonas raspond in the same
way. Evidence of a positive association between FSH concentrations and other
negatlve moods such as shame and impatience also emearged in the batwegen
subject analyses of Christy Miller,

Finally, we found some consistent evidence of a relationship betwean estradiol and
both low levels of anger/impatience and moods in girfs.

What lsnt evident In the analyses | presented thus far Is the range of individual
varlatlon In the strength of the association between hormones and mood/behaviors. For
each set of analyses, individual subject R-squareds ranged from .000 to as high as .90
and the direction of assoclation ranged from positive 1o negative. These variations
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certainly make an already complex story more compiex and may explain why it is so
difficult {o document consistent hormone - mood/ehavior links across studies and
across populations.

Wa have just bagun to investigate whether there is any syslematic explanation for
these individual differences. One cbvious explanation of course is pubertal stage. Orne
might predict, for exampie, that hormone varlations wili have their strongest impact en
mood/behaviors early In pubertal development before the body has a chance to adapt to
increasing levels of hormenes and before the hormonal system stabilizes. We have found
very ilitle avidence of systemalic varialion in these reiationships assoclated with
pubertal siage. This- may reflect the pubertal measurs we are using: it |5 a percelved,
salf-report measure, and as Christy will report later in this conference, is only
moderately velated to doctors™ ratings of the children's pubertal stage especially for
boys, The inconsistent assoclatfons with pubertal stage may alse reflect the age range of
our sample, We have a limlled age range. Puberlal stage mighl emerge as a stronger
predictor it a wider age range was used.

Alternatively, the varialion may reflact non-monotonic relationships hatween
hormones and moods. Some evidence from the animal Herature suggests, for example,
that astradiol may after the sensitivily of an individual. How lhey fesel would then depend
on the type of person lhey are or on the social experiences they have while their
sensitivily is aftered. The mixed relationships with mood provide an example of this
process. The low end of this scala Is negative mood; the high end Is positive mood. Some
girls may experience negative moods in assoclation with helghtened levels of estradiol;
others might experience posilive moods depending on such factors as thelr temperament
and thehr soclal sxperiances. The same process could be going on with anger/impatience.
The very low ends of this scale might reflect depressed states whereas the relafively
high ends might reflect highly actlvated states. Hormenes changes could facilitate either
state depending on the situation and the person. We are just heginning 1o explore theses
possible exptanations,

What eise might account for these individual differences. Given the undoubtedly
strong impagt of secial experlences on moods and behaviors, it seems likely that the
strength of the assoclation between hormones and moods will vary depending on dally
fiuctuations in the sacial experlences of the child. Hormaonai influences may be easily
overridden or intenglfied by social experience, AL this young age, we may see the
assaoclations between hormonges and moods primarily in children with stable, benign
social environments in which normal variations in social experience can interact with
hormene states in influencing moods. We have gathered the type of infarmation that w
allow us to explore this hypothesis and will report on cur analyses In the fiture.
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Tabie 1
Tante 2

.st. Sendard Devintions, and Ranges for Hommone Concetrmations &t Wave | - (i Means, Dwndard Deviations, snd Danges for Hormons Yariancs at Wers | - Gy

Hormone N Hinimum Maxtmum Msan  Jwndard Deviavon Honmone H Mintnm Maximum Moan  Owndard Deviaton
Progeswrong o an 7.3 53.00 16.98 : Progeswrone 24 93,54 320,70 732.44 B66.51
Andmgen 24 44,55 7383 256.91 174.11 Androgen 24 743.05 I7T3X0.00 NEN.m 51141.00
Estretiol 35 .18 294,82 141.04 Q.82 Botredin] 5 9751 0g.m o v 681590
LH 3 0.3 306 1.67 0.60 LH i) 0.03 32.10 1.6 6.50
FSH & L7 5.7 309 0.9 FSH 5 0.58 G180 508 13.04
UNITS: Pmgesnrons end sndrogens msasured in pg { mL ’ UNIT2: Progesarons and androgens messarsd i pg / ml

Estradiol mesgured tn pg { mg. Estred ol meeswmed tn pg g,

LH snd FEH messured m miU / ng. ] LH and PEH messured fn miU | o,

| Means, Stndard Deviatons, and Ranges for H )
Meant, Standard Deviations, and Ranges for Hormone Congenmanions at 'Wave ¢ - Boys Rarges for Hormone Yarsnce at Wave | - Boys

Honmone N Minimum L F:

Homaone N Minmom Maxmum  Mean  Standerd Deviamon Moxmmam —  Mean  Swundand Devatiog
Androgen 21 805,19 ZS11%.00 3262500

Androgen 2 86.67 835.45 263.25 189.1% . 63914 00

: LH a4 oes 2008 509 5.59

LH 2 2. 9.28 5.15 1.92
Fit 21 0.19 9.67 | 83 209

FSH 2 1.13 5.2 2.94 1.14

UNITS: Progeserore and At 1Ogens messnred in py ¢ mi
UNITS: Progeammone and androgens maasared i pg / md LH avt FSH meastured m mil) | mg.
LH and FSH meesuned fn milU { mg. .



Table 3

Line ftemn Questions Comprising Mood and Behavior Composites

1. ENERGY COMPOSITE;
A. Today I was maostly;
{ = Tired
5= Fulf of energy
B. Today, I felt mastly like dning something:
E = Very quiet or relaxing
5 =Very acrive
C. Today ¥ had:
1 =T essenergy than usual
5 = More energy

. ANGER COMPOSITE:
AL How often did you fecl frustrated 1oday?
{ =Notat alt
5= Very nflen
B. Today 1 felt tAngryn
t = Notasll angry
5 = Very angry
C. Today ! felt tImpatient)
I = Mot at afl impaticnt
5 = Very impatient
m, MOOD COMPOSITE:
A, This moming 1 was in a:
1= Very bad mood
5= Very good mood
B. This afternoon I was m a:
1 = Very bad mond
5 = Very good mood
C. Thicevening I was ina:
t = Very bad mood
5= Very good mood

V. AGGRESSION COMPOSITE:
How oftent did you do each of the folfowing?
A Yell, at a friend, brother or sister?
1= Never
2= Onee or twice
3 = Three or more times
B. Yell at your mother ar father?
= MNever
2= Onee o tvive
3= Three o1 more tinee
C. Throw something beempr con e anpmy?
[RE S TPH
2= Onceor e
3 = Three nt more times
. Hit or push someone?
b= Mever
2 = Onee o twice
3 = Thiee nr more times

Means, Sandant Deviations, ard Rargss for Mood Composites at Wavs |

Hormone H Wigmem | M _ HMean
Erengy 25 1.00 457 3.4
Anger . o 2 41
Mook pac} 2.74 5 412
Aggression 5 M 67 30

Ho®. Log mnsformations were performed for sng#r and aggmazion compe,

Means Sundard Deviations, and Ranges for Mond Compostes at Fave § -

o= ﬁ e b ﬁ{ﬁ
Bremy 21 2.7 4,33 3.54
Anger 21 .03 842 45
Hood 21 2.9 4.95 188
Aggression £1 12 &9 2

How. Log tensformagons wer performed for enger and sggTession comy



Meena, Standard Devintons, and Rarges for Mood Composte Varance at Wave | - Gitle

moaSR N Mnimum Maymum Mean  Smndard Devmron
Brergy 25 .00 348 1.14 1.9t
Axnger ¥s:] R s B lig)
Hood ) fi e 2.29 50 |
AggTession 23 02 15 04 04

How. Log munsformatons vere perfomned for anger axd SZETEANON campoaties.

ZMER‘ Supdard Deviatiors, and Ranges far Mood Compaste Vartance st Wevs | - Boys

I“nanﬁ N Minvmum Harrum Mean  Swndard Devancn
Eéd. 21 Xis] 2@ B8 58
>,.m32. 2l 02 21 [o:i] 06
Hood 21 01 106 0 ¥
Aggrsson 71 0 10 04 m

Now. Log tavformations were pedormed for 073y and S{EIESIION COMPOSTEY.

{ 7
Table (-
ReTW of gression analyses using progeserone Y predict moods (night v mommg) for gibs
Hormoney
Erergy Anger Mood Aggrasson .
Puberl Smtua N Re P Re r R® ¥ Re ¥
Prepuberal oM 02 56 003 % i) ko
Barly puberal 121 0 84 o 47 00 13 o174
Midpubermt 10z 04 359 o .: 02 18 0 e
Al Girts 255 . 002 58 00 08 e 5 oL 2.4
*p< 10

Resula of regresson analysey using progesemmne v predict moods tmarng o nght for guls

Hommones
Erergy Anger Mood Aggression
Pubernl Sty N K2 F RZ F kZ I R F
Pre-puberal X 04 58 [t} 13 12 390 w 67
Early pubersl 121 o3 o 9w oL 64 G4 4 gyes
Myl puberml 102 03 X o0l 28 bt 62 [E 65
All Girls 253 0 .04 8] 03 00 10 Q2 397

»3.10 ]



Table 7 Table®

Results of regression enalyses uaing androgens m predict moods (night v morning) for girls Resul of regreasion ansivaes using andmogens 1 predict moods (night 10 momming) for boys
K - Homones
Erergy Anger Mood Aggression Braxgy Anger Mood AggTession
. —— =T 2R Y, 5 R F Pubers Sws W RE_F RC _F R? F REF
Pre-puberet 30 o3 R R G 18 08 285 Prepubertal 55 01 54 25 1547 o2 13 26 18.63rems
Barly puberal 121 .01 92 04 D% 00 .28 00 T Barly puberal 156 03 5age 0 203 20 T on 43
Ml pubsral 102 04 4.04% T N | 32 o a2 Ml puberal 12 D 100 00z 13 1M BUEESE ]
Al Gixts 263 o 05 12200 00 2 002 53 All Boys 223 D1 271 4 18.91m oo 26 0t 1.38
*p%.10 =g 05 ey 001 . 10 rag 05 by = 1) erAng 061
Resuls of regreasion analyses wng andIngens © pradict moods (moming D nght for girke
Rezuits of regression analyses ustng andropens o Predict moods {moratog © night tor boys
Hormones
Hommoney
fregy Angsr Mond Aggression
Energy Anger Mood AZgIsasion
Puberal Suts N R2 F RZ F Rz F RZ F
Pubertal Suni H 7] r Re F RZ i e P
Pre-puberal X JLiC T 1] a3 7 .04 .18 12 2o+
P Pre-pubersal 1 i< S Wi 003 s 0z 1.29 o1 7
, . , 1.89 001 g4 G2 260
maq. puberal 121 1 LCC} | 0z o¢ i Barly puberst {56 O 198 001 95 jax| 475w 003 &
. ok 7 . 17 :
Mid pubernl 1@ [} 18 06 B igw 01 4 0o Mt pubertl 12 ICRRR, % 6some - y ® "
All Girls 53 03 .3 T 00 003 it 1w 51

__AllBoys 223 002 53 0 17 83

6 9% oy 05
*5.10 < 01

g 05 e W1



iﬁnnq.ﬂﬁ.,,,\n( &

Reaults of tegresnion snalyses uaing astadiol o predict moods (ol w mormirg) for girls

Honomones
Brargy Anger Mood Aggression
Pubertsl Stats N R 7 Re P Re E RZ F
Pre-pubsrul 30 003 84 jui| 59 02 .59 il 73
Barly puberal 121 m 3 002 28 02 2.86% 0 Lie
Mid puberal 02 o 148 B8 SOk g3 kRS .01 .89
All Girls 253 002 54 03 703 07 4.35%* 81 2o
*ps.10 ey 05 waagc 0]
Resulty of regression anaiysss using eatoadiol 0 predict moods {moming v night) for girls
Hormopes
Zrergy Anger Mood Aggression
Puberml Stams N Re P Rz F RZ F R2 F
Pre-pubsrial 30 .01 42 0 2m m 1.12 o 3w
Bary pubsral 121 001 1 00 18 Rs 7] 2.29 0.1} ST+
Mid pubsrml o2 03 315 04 395 m 3™ 002 15
All Giry /W 214 0 36 @ degm v s
*5.10

g 05

Table 18

Rezults of mgression analyses using LE © predict moods {night ¥ moming) for girls

Hormones
Enargy Anger Mood Aggression
Pubertal Statas N N Ré r Re 7 RE #
Pre-pubertal 0 01 27 08 1.58 .08 1.43 004 12
Bagly pubernl 21 02 215 .06 7Ewe N3 4.£ge A1 .Z,&:t
Mid pubertat 102 b4 404 062 22 .00 65 .00 B4
All Girls 253 .0 002 00 01 .00 01 L 1.28
wpe 05 hans > W] g 001
Reaults o7 regreasion anatyses using LH 10 predict moods (raornng Y alght) for girls
Hopmones
Eourgy Anger Mood Aggrssnon
Puberial Sanig H KZ I ;7] F RZ h R2 R
Pre-pubsrm] e i 08l 33 .al e} 063 i0 04 1.29
Boarly pubsrml (21 = 23 il 42 01 Lo 04 Cirishid
Mid pubertal 102 05 5285w a0 22 02 23 003 ko
All Girts 253 o0 Rz L8] 04 00 20 004 57
210 = 05



| “n.,. ] it :
Takie U ble |2

Resuls of rgression 3 usirg LH 0 predicta {pight & morming) for bays Results of regression analyses uaing FSH © predict moods fnight 10 morning) for gisls

Hogmores
Hneryy Anger Mo Aggression Energy Anger Mood Aggesson
‘Puberel Sums W R ¥ R F R F RE _F Siteral Sers TR TR BTTR o 7 8 F
Pre-puberial 55 o 27 05 25 .14 B.6&%er 0 .21 Pre-pabere] 50 % 17 i dd o a3 a6d "
Barty pubsral 156 oo 33 .ol 1.53 L] .15 pil! t.20 Baslypuberl 121 o ot 119 o 3104 m 7
Mid pubertat i2 A3 108 21 Leg .08 .57 03z M pubsrml 10z 02 184 w 12 oot 16 0 7
All Boys 223 Lo 0025 .03 2 003 AL Gisls o83 ® W & a L 81 0 7
iai_bm._uw
Resuhy of reqression snalyses wsing LK © predict moods {mormang 1 night; for boys Results of regression snalyses using FSH 0 predict moods {mormmg © night) for gixs
Hormenes . Hommones
Bnergy Anger Mood Aggression Energy Anger Mood ARgIesTiOn
Pubertal Sntus R R2 F R F R2 B RZ F Puberml Swrms N RZ P RZ F R2 F R F
Pre-puberal 55 oo 59 16 924> 16 9 3] 07 3.66% Pro-pubertml X .l 29 01 46 01 43 02 62
Early puberml 156 mz 4 02 295+ a2 2.3 0t 1.38 Barly puberal 121 00t 14 061 14 0t 0 .01 L4
Mid puberml i2 .28 316 4 6.647* 28 319 01 53 Mid pobernl 102 5 485 0G1 48 o1 50 o 125
All Boys 223 004 % 03 692w 02 5.09%% 003 54 All Girls 253 LIRS a0 04 0f 2.42 o0 t9

5510 wp g 05 whnpe 0 *aps. 05



Resulw of regression analysss using FEH 10 predict moods (night i matning) for bavs

Tabie m{l

Proporton of RZ berwwen 10 and 90 for Verioas Hormome-5 & havioy Relnticnsiups (o7 Grirks (ught
IADTg ). .

Henmones
Branyy Angsr Mood Agpression
Pubertal St N T RE F Re F RE ¥
Pre-pubertal 55 R T o 9 G4 232 05 2,99
Barly pubsrmt 156 D6 9. 01 123 63 5,24 ool ez
M# puberal 12 A5 Q.24 .04 40 58 (2.48%0  (f "
All Boys 223 03 gm0 27M DS 1170 0z 38
*pg.10 hag 215 wsrpg (04 swanpe 00
Resulss of regression anmiyses nsing P3H 1 pradict moods {moming © night) for boys
Homrmes
Energy Anger Mood Aggression
Puberial Swtus N R B R2 F R2 7 R2 P
Pre-puberal 58 00 A3 A4 7 0 .30 02 110
Barly puvera! {56 8 94 003 A1 001 15 001 o
Mid pudersl 12 e BT 01 46 004 58 08 %
All Boys 223 01 164 00 1B 004 97 003 6L

]|

Homone
. Androgats,,; Evodioigmg | FSHwim L e TPogeswrcre,, |
e T I S B T S N, S0 T S M S
: : i
; !
Brercy 30 w3 B wma | 8 o4 1 oM | % e
i
Avger @ e P E o s | ST sl ¥ owzm | oo
Mood 300 M Booam X w3 sz ozl @ o
Aggemon | 9w W84 W eR4 3 B4 | @ o

Propornen of RS betewen |5 and 96 for arous Hommone- Behavior Relaoonshmpa for Gty {meirnng o
ZAT - O OUTerd}

Hormooey
i “ Androgende,; | PIUAd Wby TS T [P rogeswron
H , : : !
M : i
FiocisiBshwants % % i ® H & H F H
7 Enery LS 1o COB0 MM | ST orull % 108 67 s
Anger 57 64 | 63 M6 | TS 16| 63 06 | S5 &I
{ i
H i |
Mood Er] 51 S Y S b1 58 1Git7 11217 ] s ma3
| aggmmen_ 53 w17 5o wie | eo o0l s wie | omoond




Tahle m_.m

Praporuon of B2 betwwen . 12 and %0 for Tapug Hormons-Behavior
Relanonshsps for Bavs (nghto DO }

ommones
| ANIOZERSry | FoHeg | [T
(LT o R 7 D W S
Emergy _ 3 e @ e ﬁ & o
i
H _ |
| : I
Anger | 24 21 R
! |
Mood a3 91 23 o | sz um
1 Agyresson .38 821 23 &G .57 14121

Propornon of B2 berween 10 and 90 for Famaay Hormone-
Behsvor Rebsoorangs 105 Boyy (Mo o nghen cothery)

Hommopes
| ADEEnSey T FiHume T [Hamy |
1 i * & W
Moodsl Behaviors % 1 H T ET ]

) |
" ﬁ _
Energy _la ﬁwcﬁ_.%. &9 ‘,8 m_z%
Anger _ 30 1820 |5t 1nE
H i i
H |
|
|

0 a0 A7 iz

R

i
Aggresmon | 63 1219 | g% 1Y 53 oitd




g L 92 sy ez e

+
Rl ¥ t 1 g

iC0C6BEBLLEGISLPLIEIZLILOLE 8 L 9 6§ ¢ € 2 &

T 1 t 1 g

002
0sg

00g

HiLioW S50V 3I9B1S INOHILS01831
TLIHIGNJTHN=SMEBIS [BlSGhY paniaolad 6-01 IIVIN

Z’, o \‘H%i__{

BE /COCHTVYEEZCZLTOZ6IBLLEOLSIVLIELEZLILO0L 6 B £ §-8 % € 2 )

T 002
+ 0Oy
T 008
+ 008
+ 0001
T G0zt
+00v 1}

T 008%

- aogL

Yluow Ss0.0Y sigEsuf} INOHRIS0LSAL
ATHVI=SHIEIS [RURqHd Panedlsd Lr=al 37V



§2 L2 OCZGEPEEZRC LE0Z6E 0L LL9LGE YIELELILOL 6 B £ 9 § ¥ £ 2

YO $S0:07 SIORIS INOHILISIODOH
ATHVI=SAIRIS eHeqnd peasdisd [i=al VN34

)
1. -J“\\:A,j

82 L2 Y9EGZPEECETLE02 6L B LI BISLFPLELCLLILOE 6 8 L 8 § v £ T

Yitopy SSony eigeis JNCOHILS3ID0H
ATHVE=SHEIG [BlBqnd peMedleg vE=()] ITVNIZ

< ",A'r&ﬂ 4

3

3

T+ 0i

+ 0t

+ G¥

1 08

- 09

o5
L o9
Y

T o8

- 06



BCLCOCSEVIELECIC0861 811916 PLELCLII0L6 B8 £ 9 S v £ 2 L

HIWOW SS0I0Y SIQRISUN INOHIALSIDOHD
ATHYI=SNEBIS [EUaGnd paasdied 0£=0] F1vNId

. ]
% Ja.]\,!_s

82 /292 SCFZETTZIZ0Z6LHLLLOLGLPLELZLLLGL 6 8 L 9 5 v BE 2 |

i 4 3 L 4 1
% f' ¥ T ¥ 4 ¥ % t 3 1 u 1 E T ¥

YHIOW SSOI0Y SQRISUMN INOWILSIDOUG
IviHZBNDCIW=SNIEIg BUSGNY peaBoIed 2= IV

t 8 oz
i oy
i P oo

1os
{00t
tozt
Lort
{01
Logy

134

ov

G3

o8

jleh)

Bzt



Butioyy BN Buluiol ubiN futio  jubiy
+ Aeq ¢ Aeg ¢ Aeq T Aeg Z Aeg { Aeg

(omuqag (mmnqe G

OlARYS] )

Sa‘JGIHJ-}H) UOU.%JOH Lauduiioy
JEAMEL Mcn T fucn e
ASE AL £/ H s \ HES

- - £ \\ K "'
( §IUOULIOH ) < sauou.uoH > < seuou.uoH >
. Aseuwny . AJauun A.muun »

e

HI9M B U/ 6308[ans | onem um sbel |osneD sigissod jo usRUesaIda s d1jowBYDg

% "a)*n\’, v 3

82.&29292#88388LBOZGlSL;’_EQlSH’lEtZLLl-(}l 6B L9 ST C L

]: + + + + l.{ En

L 09
108

T 00t

-0t

HPAD WSS, INOHIZLSIDOHL
(IN=SMeIS |jeusand paaensd gz=q) IvINId

T

L d



Buiol b bunsioly ubiN BunLioL BN

b Aeg ¢ Aeq ¢ Aeg z Aeg T Aen 1 Aeg
i | | ! | |
TN ,-’;“ VA
( j={alele /] } ( SpPooL] ( [ elala ] )

- - —— ST
£ [4 i
JOLARYSQ JO1ARUSG omeuag}
- - ~, —j‘

e ~ ~ - ~
£ [4 t
sauotu.fm) SHUOULIOH £AUDUIIDH
(.Ueme:/ ARAHLS Aleapeg
— o —

< sauou,uoH ) < sauot.moH > < seuouuoH
N .&.muun AJuauﬂ AJuuun

Seam B UM S3108[QNS | 2ALM UM SBR[ [rRSNED 2[qIssod Jo UDLIRILESSAEa S DIRWaYDS

01 asnbiy
1
Erttnd .| ke FHUECE UE Bl § sufing
+ Aen 1 req £ Aud T A 7 deg | Aeq

- "~
; N
| \
SRl )
y p
e
T
!
(Jc-gmq;«g)
N,
\‘\_._..//
# b 5 - T , ’ i
(saunw.nm (E—SUOLUJBH £auDE I0H
ﬂ_at:.mc-g/, L fagniies | arasies
\ “ g
e R n \_.-//
..fﬂ(_ e ’.,/—‘ Tu—m““'* -
- L b Ve o \
{ S3UTLLINY ) |‘ SHUTULI I , auow_w;g s
N Ameun . A Aeurn Aseun
\-‘__7‘" _._‘,.—"/ \w- w/’

{a g yielane | ertie usa sBey (esne ) e qessoed Jo wlejunssadas jeLhietine,

b'b)'n%\j



Burlaoy Wby SuLioy BN Butiol ~ubIN
& Aeg ¢ Aeq ¢ Aeg Z Aeg z Aeg 1 Aeg

AT N N
£ ( Z U
Jo1ARyDg JotARyag JOEAQL;?Q}}
o \
— Sy S

- - T

-

e ~, VA
SG'JO'LU’H) ‘uUGﬂ!JOH S3U0ILIOH
A;snusg/ Aam\ncg MG'AHBS
- /

-

( sauou.uoH > < sauouuoa > ( sauouuoH >
) AJGuuﬂ )(.muun AJQL!LS{] )

Noam B /i 5100[Qns | aaem u/m sbey jesneD ajgissod Jo ot jeiuasasdad 21jewaYdg

Gl ey

furaoyy Wb Bussol Wby Busoly b
& AeQ ¢ Arg £ Aeg z Aeq z Aug | Aeg

| | | | | | i

T ——

£ Z
Jo;mqaa G;Auuag) (10 1ARyaG /!
., . .

T

SO lH) UU{II}OH £ B(J(JLZUDH
AJEAHES / Mcm?c 'UEMIE‘E.
. s i

( seuouuoH > < sauou_uoH > < sauou.uoH
N AJQuun funuun AJuuun

Hagh & UM S102g05 | aarM b/ SDR| JRENED 8]iss0d JO uoljRUasaIdal DIjouaLEDG

Py 3>.-n§)\._._l



