
Relationships Between the Pituitary-Adrenal Hormones, Insulin, and Glucose 
in Middle-Aged Men: Moderating Influence of Psychosocial Stress 

Liisa Keltikangas-J~rvinen, Niklas Ravaja, Katri R~ikktnen, Aarno Hautanen, and Herman Adlercreutz 

We examined whether the relationships between the pituitary-adrenal hormones (corticotropin [ACTH] and cortisol), insulin, 
and glucose differ as a function of psychosocial stress defined in terms of vital exhaustion (VE} and depressive behavior (DB). 
The participants were 69 normotensive and 21 unmedicated borderline hypertensive (BH) middle-aged men whose work is 
stressful. Hormonal and metabolic variables were measured during an oral glucose tolerance test (OGTr), and the cortisol 
response to dexamethasone (DXM) suppression and intravenous ACTH stimulation was also measured. We found that the 
basal ACTH level during the OGTT was positively associated with the cortisol response to ACTH at 60 minutes, the fasting 
insulin level, and the insulin to glucose ratio among exhausted and high DB men, while the reverse was true for nonexhausted 
and low DB men. Also, a high cortisol response to ACTH, a low cortisol level during the OGTT, and a high ratio of these cortisol 
determinations (cortisol ratio) were associated with high fasting insulin and glucose levels, the summed insulin values, and 
the insulin to glucose ratio only among nonexhausted and low DB men, among exhausted and high DB men, these 
associations were less pronounced, absent, or in the opposite direction. The findings suggest that VE and DB have a 
moderating influence on the relationships among the hormonal and metabolic parameters studied. Psychosocial stress may 
affect the pituitary-adrenocortical system in complex ways, contributing thereby to insulin resistance, hyperinsulinemia, and 
coronary heart disease (CHD) risk. 
Copyright© 1998by W.B. Saunders Company 

p ROSPECTIVE epidemiological studies have demonstrated 
that hyperinsulinemia is associated with coronary heart 

disease (CHD) incidence and mortality, 1-3 although the indepen- 
dent contribution of insulinemia per se to CHD risk is still a 
matter of debate. An insulin-resistant hyperinsulinemic state is 
also frequently associated with a cluster of abnormalities-- 
glucose intolerance, arterial hypertension, and dyslipidemia-- 
comprising the metabolic syndrome that is of utmost impor- 
tance in the pathogenesis of non-insulin-dependent diabetes 
mellitus and CHD. 4 

An increased activity of the hypothalamic-pituitary-adreno- 
cortical axis has been suggested to contribute significantly to 
insulin resistance and hyperinsulinemia. 5 Cortisol excess may 
produce pronounced insulin resistance by direct effects on the 
periphery or through a mediating influence on abdominal fat 
accumulation. 5 However, the relationship between various 
components of the pituitary-adrenal axis and insulin metabo- 
lism is more complicated. Hypocortisolism, apparently caused 
by hypothalamic or central adrenal insufficiency, has also been 
associated with various metabolic CHD risk factors, 6 Hautanen 
and Adlercreutz 6 found that basal cortisol levels during the oral 
glucose tolerance test (OGTT) correlated negatively but the 
cortisol response to corticotropin (ACTH) correlated positively 
with fasting insulin and the waist to hip ratio. 

Given that the ACTH-releasing factor (CRF)-ACTH-cortisol 
axis is very sensitive to psychosocial stress, this axis has been 
suggested to play an important role in mediating the influence of 
psychosocial stress on insulin resistance, hyperinsulinemia, and 
CHD risk. 7 Increased activity in the pituitary-adrenocortical 
system with elevated secretion of cortisol follows stress in 
general and a "defeat" or "helplessness" reaction to uncontrol- 

lable stress in particular. 7,8 However, the relationship between 
stress and cortisol secretion is also complicated. First, although 
stress-related personality dimensions such as type A behavior 
and hostility have been associated in men with elevated cortisol 
levels across experimental periods? greater cortisol reactivity to 
stressors,ml and increased cortisol excretion during typical 
dally activities, 12 an inverse relationship between type A 
behavior and day and night concentrations of cortisol has also 
been reported in both sexes. 13 Second, a combination of 
anger-out (a tendency to express anger toward other persons or 
the environment) and vital exhaustion TM (VE), characterized by 
(1) unusual fatigue and loss of energy, (2) increased irritability, 
and (3) feelings of demoralization, has been shown to be related 
to a high cortisol response to dexamethasone (DXM) suppres- 
sion and intravenous ACTH stimulation,15 which implies hypo- 
cortisolism. 6 Similarly, the chronic fatigue syndrome is charac- 
terized by hypocortisolism, not hypercortisolism, 16 although 
null findings also exist. 17 

Together, the aforementioned lines of evidence suggest that 
the contradictory findings for the relationship between secretion 
of hormones along the hypothalamic-pituitary-adrenocortical 
axis and insulin and glucose metabolism might be accounted for 
by the intensity and chronicity of psychosocial stress an 
individual has experienced. That is, this relationship might 
differ as a function of experienced psychosocial stress. How- 
ever, we know of no prior studies addressing this issue. 
Therefore, the aim of the present study was to examine the 
potential moderating influence of psychosocial stress, defined in 
terms of VE and depressive behavior (DB), on the relationships 
among the pituitary-adrenal hormones, insulin, and glucose in 
middle-aged men. 
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SUBJECTS AND METHODS 

Sample 

This study is a part of a research project to examine the hypothetical 
associations between various psychological and behavioral characteris- 
tics, neuroendocrine responses, and the insulin resistance syndrome. 
Several large commercial companies, trade unions, and sports clubs 
around the metropolitan area were notified about the study, and their 
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Fig 1. Mean ± SEM (a) corti- 
sol, (b) ACTH, (c) insulin, and (d) 
glucose response during OGTT 
and (e) cortisol response to DXM 
suppression and ACTH stimula- 
tion in the study group (N = 90). 
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members were asked to participate voluntarily. Middle-aged men 
working as managers with many subordinates and with varying levels of 
education were eligible. Potential subjects were motivated to participate 
with a promise of an analysis of their all-around health status. 
Altogether, 101 men agreed to participate. 

Of 101 men, 11 were excluded from the present study because of 
renovascular hypertension (n = 1), familial hypercholesterolemia 
(n = 1), non-insulin-dependent diabetes mellitus (n = 1), CHD (n = 4), 
and incomplete psychological data (n = 4). Thus, the subjects of the 
present study were 69 healthy normotensive and 21 unmedicated 
borderline hypertensive ([BH] blood pressure, 140/90 to 160/95 mm 
Hg) men aged 30 to 55 years (mean _+ SD, 44.5 _+ 5.4). They were 
receiving no medication and had no history or clinical evidence of liver, 
kidney, gastrointestinal, endocrine, inflammatory, or atherothrombotic 
disease or acute infection as determined by clinical examination and 
laboratory analyses.15 

Measures 

VE. VE was measured with Form B of the Maastricht Question- 
naire a8 (MQ), a 21-item self-report measure. Instead of the original 

"yes/no" response format, each item was rated on a five-point scale 
from 1 (very strongly disagree) to 5 (very strongly agree). The VE score 
is the total of 21 items. Development of the original Form B of the MQ 
and its reliability and criterion validity is described in detail by Appels 18 
and Appels et al.14 Cronbach's c~ for the MQ was .88 for the present 
sample. 

DB. DB was measured by a shortened 28-item version of the 
Depressive Behavior Survey Schedule (DBSS), a self-administered 
questionnaire by CautelaJ 9 Each item was rated on a five-point scale 
from 1 (never holds true) to 5 (always holds true). The prevalence of 
depressive disorders appears to be relatively low in a normal popula- 
tion, and thus the distribution of depressive symptomatology in a 
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Table 1. Mean Values for Hormonal and Metabolic Variables 
in Normotensive and Borderline Hypertensive Men 

Variable Mean -+ SD Range 

Normotensives (n = 69) 

Basal ACTH sum (ng/L) 41.8 -+ 11.8 25.0-79.0 

Cortisol (nmol/L) 
Sum 1,033 _+ 253 490-2,106 

Net response 1,113 _+ 199 693-1,693 

Net increment 604 _+ 111 335-934 

Insulin (mU/L) 
Fasting 7.2 _+ 5.4 2.0-31.0 

Sum 110.9 + 74.4 22.0-374.0 

Glucose (mmol/L) 

Fasting 3.2 _+ 0.4 2.1-4.0 
Sum 12.4 -+ 2.1 7.3-18.6 

BMI (kg/m 2) 25.2 +_ 3.3 20.1-35.1 

Borderline hypertensives (n = 21) 

Basal ACTH sum (ng/L) 43.2 _+ 24.6 26.0-143.0 

Cortisol (nmol/L) 
Sum 1,136 -+ 451 67342,566 

Net response 1,265 +_ 251 734-1,662 

Net increment 672 _+ 151 427-906 

Insulin (mU/L) 

Fasting 12.7 -+ 7.1 4.0-27.0 

Sum 171.4 -+ 84.4 54.0-410.0 

Glucose (mmol/L) 

Fasting 3.5 _+ 0.4 2.7-4.5 

Sum 15.6 -- 3.1 11.5-19.9 

BMI (kg/m 2) 29.5 +_ 4.4 23.5-39.1 

NOTE. Sum refers to the sum of 3 values measured at 0, 60, and 120 

minutes during the OGTT. Net cortisol response is the sum of cortisol 

values at 30 and 60 minutes after ACTH stimulation minus DXM- 

suppressed cortisol level. Net increment of cortisol is the cortisol 

value at 60 minutes after ACTH stimulation minus DXM-suppressed 

cortisol level. 

sample of healthy individuals is expected to be skewed. Therefore, we 
chose the DBSS, given that it includes many items to assess relatively 
mild forms of depression. For the same reason, items reflecting the most 
extreme form of depression (eg, "I feel like killing myself," or "I wish I 

were dead") were excluded from the original 43-item version of the 
DBSS. Thus, it should be recognized that the shortened version of the 
DBSS assesses depressive features in the normal range of personality 
rather than clinical depression. Cronbach's c~ for the shortened version 
of the DBSS was .92 for the present sample. 

Although the correlation between the MQ and DBSS was high 
(r = .75, P < .001), only 57% of the subjects scoring in the top quartile 
(Q4) on the MQ also scored in the top quartile on the DBSS. Thus, 
although both the MQ and DBSS were used to measure the broad 
concept of psychosocial stress, they assess slightly different behavioral 
phenomena. 

Hormonal and metabolic variables. ACTH, cortisol, insulin, and 
glucose values were measured on 2 consecutive days at the Helsinki 
University Central Hospital. On the first day at 7:30 AM, an OGTI' was 
performed. An indwelling cannula was inserted into an antecubital vein; 
after 30 minutes, a standard load of 75 g glucose was given. Blood 
samples were drawn through the cannula at 0, 60, and 120 minutes after 
the glucose dose for determination of ACTH, cortisol, insulin, and 
glucose. 

To measure the cortisol response of the adrenals to ACTH stimula- 
tion, the standard low-dose DXM suppression test was performed. On 
the first day at 11:00 PM, each subject received 1 mg DXM orally. 
Following DXM suppression, the secretory responsiveness of the 
adrenal cortex was measured by stimulation with exogenous ACTH. On 
the second day at 7:30 AM, an antecubital vein was cannulated; after 30 
minutes, 10 Mg/m 2 ACTH was injected intravenously. Blood was 
sampled at - 30 ,  0, 30, and 60 minutes after administration of ACTH for 
determination of the serum cortisol concentration. All blood samples 
were collected after a 12-hour fast. 

Commercial radioimmunoassay (RIA) kits were used for determina- 
tion of serum cortisol (Farmos Diagnostica, Oulu, Finland) and insulin 
(Pharmacia, Uppsala, Sweden). Intact serum ACTH was determined by 
procedure A of the double-antibody RIA (Incstar, Stillwater, MN). The 
mean value of duplicate determinations was used in all calculations. 
High- and low-value quality-control samples were included in each 
assay. Samples were reanalyzed if the duplicate values differed by more 
than 10% from the calculated mean. The within- and between-assay 
imprecision (coefficient of variation [CV]) of the RIA methods, 
respectively, was as follows: cortisol, 6.4% and 7.0%; insulin, 5.1% and 
7.5%. For ACTH, within- and between-assay CVs were, respectively, 
3.4% and 23.1% (low control values) to 4.2% and 7.1% (high control 

Table 2. Pearson Correlation Coefficients Among Hormonal, Metabolic, and Psychological Variables (N = 90) 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

1. Basal ACTH sum 
2. Basal cortisol sum .31t 

3. Cortisol response to ACTH at 60 minutes - .09 .24* 

4. Net cortisol response - .20  .18 .95t 

5. Net increment of cortisol - . 2 8 t  .08 .89t .93t 

6. Cortisol ratio - . 3 8 t  - . 7 3 t  .44t .51t .54t 

7. Fasting insulin - .08 - . 25 "  .35t .34t .34t .47t 

8. Insulin sum - .13  - .23  * .32t .30t .30t .42t 
9. Fasting glucose - .06  .00 .12 .13 .16 .09 

10. Insulin to glucose ratio (fasting) - .07 - .26*  .34t .33t .32t .47t 
11. Insulin to glucose ratio (sum) - .14  - . 24*  .29t .27* .27* .40t 

12. DB .09 .25" .00 - .05  - .05  - .26*  

13. VE - .04  .20 .12 .10 .10 - .14  

.80t 

.30t .30t 

.98t .78t .13 

.80t .95t .17 .80t 
- .08 .02 - .08  - .07 

.12 .18 - .03  .13 
.05 
.24* .75t 

NOTE. Sum refers to the sum of 3 values measured at 0, 60, and 120 minutes during the O G'I-I'. Net cortisol response is the sum of cortisol values 

at 30 and 60 minutes after ACTH stimulation minus DXM-suppressed cortisol level. Net increment of cortisol is the cortisol value at 60 minutes 
after ACTH stimulation minus DXM-suppressed cortisol level. Cortisol ratio is the ratio of net cortisol response to basal cortisol sum during the 

OGTT. Logarithmic transformation was performed for all variables, with the exception of cortisol ratio, DB, and VE. 

* P <  .05. 
~P<  .01. 
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values). Blood glucose was measured using the glucose oxidase 
method. 

Statistical Analyses 

In the statistical analyses, we used the following parameters: (1) 
fasting insulin and glucose values; (2) in the OGTT, the sum of three 
measured values (0, 60, and 120 minutes) for ACTH, cortisol, and 
insulin as overall indicators of ACTH and cortisol secretion and 
insulinemia, respectively; (3) the net cortisol response (the sum of 
cortisol values at 30 and 60 minutes after ACTH stimulation minus the 
DXM-suppressed eortisol level at 0 minutes); (4) the net increment of 
cortisol (value from the DXM-suppressed level to poststimulation level 
60 minutes after ACTH injection) used as a measure of the functional 
activity of the adrenals to ACTH stimulation; (5) the cortisol ratio (the 
ratio of net cortisol response to basal cortisol sum during the OGTT); 
and (6) an insulin to glucose ratio computed for the fasting levels and 
for the sum of the three measured values to additionally reflect insulin 
sensitivity. 

The most frequently recommended approach to assess the moderator 
influences of a variable is moderated regression analysis involving a 
predictor variable, a moderator variable, and a product term. z°-22 Thus, 
the question of whether stress defined in terms of VE and DB has a 
moderating effect on the association of the pituitary-adrenal hormones 
with insulin and glucose was investigated by moderated regression 
analyses. Separate hierarchical regressions were performed for each of 
the dependent variables (eg, fasting insulin). The independent variables 
were entered in four steps in the following order: (1) age, (2) predictor 
variable (eg, basal cortisol sum), (3) moderator variable (VE or DB), 
and (4) predictor × moderator interaction term. Variables forming the 
product terms were centered to reduce possible multicollinearity among 
the independent variables, z° Following the recommendations of Aiken 
and West, z° significant interactions were graphed showing the regres- 
sion lines for subjects receiving low (1 SD below the mean) and high (1 
SD above the mean) scores on the measure of stress (VE or DB). 
Hormonal and metabolic variables (with the exception of the cortisol 
ratio) were logarithmically transformed before computing because of 
their skewed distribution. All analyses were performed in the whole 
sample and then repeated after excluding BH men and subjects 
reporting an ethanol intake greater than 400 g/wk (n = 5), because 
excessive drinking may alter cortisol secretion. 23 

RESULTS 

Figure 1 shows the mean cortisol, ACTH, insulin, and 
glucose response during the OGTT and the cortisol response to 
DXM suppression and ACTH stimulation in the study popula- 
tion. Mean values for hormonal and metabolic variables in 
normotensive and BH men are also presented in Table 1. Table 2 
shows intercorrelations of the hormonal, metabolic, and psycho- 
logical variables. DB was positively and significantly correlated 
with the basal cortisol sum and negatively correlated with the 
cortisol ratio (P < .05). In addition, VE was positively and 
significantly associated with the insulin sum to glucose sum 
ratio (P < .05). 

The results of moderated regression analyses with VE as the 
moderator variable are shown in Table 3. Statistically signifi- 
cant interactions are also depicted in Fig 2. Moderated regres- 
sion analysis revealed a significant V E X  basal ACTH sum 
interaction in predicting the cortisol response to ACTH at 60 
minutes, fasting insulin, and the insulin to glucose ratio 
(P = .012, .026, and .043, respectively). That is, the basal 
ACTH sum was positively associated with the cortisol response 
to ACTH at 60 minutes, fasting insulin, and the insulin to 
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Table 3. Interaction of VE With ACTH and Cortisol in Predicting 
Other Hormonal and Metabolic Parameters 

Change 
Variable [3 R ~ in R 2 F df 

Whole sample (N = 90) 

Cortisol response to ACTH 

at 60 minutes 

Age - .03  .003 0.28 1, 88 

Basal ACTH sum - .08  .009 0.78 1, 87 

VE .10 .013 1.13 1, 86 

VE × basal ACTH sum .27" .096 .071 6.65* I ,  85 

Fasting insulin 

Age .03 .000 .000 1, 88 
Basal ACTH sum - .07 .006 0.52 1, 87 

VE .11 .014 1.23 1, 86 

VEX basal ACTH sum .24* .076 .056 5.10" 1, 85 

Insulin to glucose ratio 

(fasting) 

Age .01 .000 0.04 1, 88 

Basal ACTH sum - .06  .005 0.45 1, 87 

VE .12 .016 1.40 I,  86 

VE × basal ACTH sum .22" .068 .046 4.22* 1, 85 

Fasting insulin 

Age - .03 .000 0.00 1, 88 

Basal cortisol sum - . 3 0 t  .062 5.75t 1, 87 

VE .19 .030 2.84 1, 86 

V E x  basal cortisol sum .25* .154 .062 6.21" 1, 85 

Insulin to glucose ratio 

(fasting) 

Age - .05 .000 0.04 1,898 

Basal cortisol sum - . 3 2 t  .069 6.44* 1, 87 

VE .20 .034 3.24 I,  86 

VE × basal cortisol sum .23" .158 .054 5.49* 1, 85 

Non-heavy-drinking normo- 

tensives (N = 64) 

Insulin sum 

Age .05 .010 0.62 1, 62 

Basal cortisol sum - .20 .072 4.77 1, 61 
VE .37t .096 7.02t 1, 60 

VE × basal cortisol sum .27* .237 .059 4.56* 1, 59 

NOTE Sum refers to the sum of 3 values measured at 0, 60, and 120 

minutes during the OG-Fi-. Logarithmic transformation was performed 

for all variables, with the exception of VE. [3 coefficients were 

computed at the final step of each analysis. Only statistically signifi- 

cant findings are reported. 

* P <  .05. 

t P <  .01. 

glucose ratio in subjects with high VE scores, while the reverse 
was true for subjects with low VE scores. In addition, a 
significant VE X basal cortisol sum interaction was found for 
fasting insulin (P = .015); the basal cortisol sum was nega- 
tively related to insulin among subjects with low VE scores, 
while this association was virtually absent in subjects with high 
VE scores. A nearly identical VE × basal cortisol sum 
interaction emerged in predicting the insulin to glucose ratio 
(P = .021). When the analyses were repeated after excluding 
BH subjects and those reporting an ethanol intake greater than 
400 g/wk, all of the aforementioned interactions failed to reach 
statistical significance (P < .11, but P = .478 for VE × basal 
ACTH sum interaction for the cortisol response to ACTH at 60 
minutes). However, a significant VE × basal cortisol sum 
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interaction emerged in predicting the summed insulin (P = .037). 
The basal cortisol sum was positively and weakly associated 
with the insulin sum among high-VE individuals, whereas there 
was a negative relationship between the two among individuals 
with low VE scores.* 

*We repeated all moderated regression analyses after adjusting for 
the body mass index (BMI). In the whole sample, the VE × basal 
ACTH sum interaction for the cortisol response to ACTH at 60 minutes 
remained significant even after adjustment for BMI ([3 = .21, P = .049, 
R 2 change = .040). All other interactions failed to reach statistical 

Fig 2. Relationships among 
the pituitary-adrenal hormones, 
insulin, and glucose in nonex- 
hausted and exhausted men 
(range of the scale on x- and 
y-axes, mean-+2 SD). (a-e) 
Analyses performed for the 
whole sample (N = 90); (f) analy- 
sis performed in non-heavy- 

i i ~ r drinking (reported ethanol in- 
2,90 3.00 3.10 3.20 t a k e  < 4 0 1  g/wk) normotensives 

log basal cort iaol sum (nmol/L) (N = 64). 

The  resul ts  o f  modera ted  regress ion  ana lyses  with DB as the  

modera to r  var iable  are s h o w n  in Table 4. In the  whole  sample ,  

w h e n  regress ion  ana lyses  were  pe r fo rmed  u s ing  DB in lieu o f  

V E  as a modera to r  variable,  three interact ions s imilar  to those  

found  w h e n  V E  served as a modera to r  variable emerged.  A 

signif icant  DB × basa l  A C T H  s u m  interact ion emerged  in 

significance. However, among non-heavy-drinking normotensives, VE 
remained a significant predictor of summed insulin after adjusting for 
BMI ([3 = .32, P = .005, R 2 change = .079). 
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Table 4. Interaction of DB With ACTH and Cortisol in Predicting Other Hormonal and Metabolic Parameters 
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Variable # R 2 Change in R 2 F df 

Whole sample (N = 90) 

Cortisol response to ACTH at 60 minutes 

Age - .07 .003 0.28 1, 88 
Basal ACTH sum - .17 .009 0.78 1, 87 

DR .00 .000 0.00 1, 86 
DB × basal ACTH sum .28t .087 .075 6.951- 1, 85 

Fasting insulin 

Age - .05 .000 0.00 1, 88 

Basal cortisol sum - . 2 9 t  .062 5.75* 1, 87 

DB - .03 .000 0.03 1, 86 
DB x basal cortisol sum .25 ~ .123 .061 5.91" 1, 85 

Insulin to glucose ratio (fasting) 

Age - .07 .000 0.04 1, 88 

Basal cortisol sum -.301- .069 6.44* 1, 87 

DB -.01 .000 0.00 1, 86 
DB x basal cortisol sum .23" .119 .050 4.79* 1, 85 

Fasting glucose 

Age .12 .014 1.25 1, 88 

Net increment of cortisol .17 .028 2.55 1, 87 

DB - .08  .004 0.39 1, 86 

DB x net increment of cortisol - .26*  .112 .065 6.24" 1, 85 

Fasting glucose 

Age .10 .014 1.25 1, 88 

Cortisol ratio .03 .007 0.62 1, 87 

DB - .08 .003 0.28 1, 86 

DB x cortisol ratio - . 23 "  .076 .052 4.80* 1, 85 

Non-heavy-drinking normotensives (N = 64) 

Fasting glucose 

Age .13 .019 1.19 1, 62 

Net increme t of cortisol .13 .009 0.57 1, 61 

DB -.01 .004 0.23 I,  60 

DB x net increment of cortisol - . 29 "  .108 .077 5.08* 1, 59 

Fasting glucose 
Age .15 .019 1.19 1, 62 

Net cortisol response .11 .007 0.42 1, 61 

DB .00 .004 0.25 1, 60 

DB × net cortisol response - . 26 "  .094 .065 4.20* 1, 59 

Insulin sum 
Age .06 .010 0.62 1, 62 

Cortisol ratio .47~ .215 16.94~ 1, 62 

DB .20 .057 4.74* 1, 60 

DB x cortisol ratio - .24*  .336 .054 4.83* 1, 59 

Insulin sum to glucose sum ratio 

Age .05 .009 0.55 1, 62 

Cortisol ratio .45~ .201 15.54t 1, 61 

DB .20 .054 4.44* 1, 60 

DB × cortisol ratio - .22*  .312 .048 4.11" 1, 59 

NOTE. Sum refers to the sum of 3 values measured at 0, 60, and 120 minutes during the OGi-F. Net cortisol response is the sum of cortisol values 
at 30 and 60 minutes after ACTH stimulation minus DXM-suppressed cortisol level. Net increment of cortisol is the cortisol value at 60 minutes 

after ACTH stimulation minus DXM-suppressed cortisol level. Cortisol ratio is the ratio of net cortisol response to basal cortisol sum during the 

OGTT.Logarithmic transformation was performed for all variables, with the exception of cortisol ratio and DB. 13 coefficients were computed at the 
final step of each analysis. Only statistically significant f indings are reported. 

* P <  .05. 

f P <  .01. 

~P<  .001. 

predicting the cortisol response to ACTH at 60 minutes 
(P = .010); the basal ACTH sum was positively related to the 
cortisol response to ACTH at 60 minutes in high-DB subjects, 
while the reverse was true for subjects with low DB scores. 
There was also a significant interaction between DB and the 

basal cortisol sum in predicting both fasting insulin and the 
insulin to glucose ratio (P = .017 and .031, respectively). The 
negative association of the basal cortisol sum with insulin and 
the insulin to glucose ratio was stronger among low-DB 
subjects compared with high-DB subjects. In addition, when 
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predicting fasting glucose, significant DB × net increment of 
cortisol and DB × cortisol ratio (ratio of net cortisol response to 
cortisol sum) interactions emerged (P = .014 and .031, respec- 
tively). The net increment of cortisol and the cortisol ratio were 
positively associated with glucose among subjects with low DB 
scores, while the reverse was true for men with high DB scores. 
The aforementioned statistically significant interactions are also 
depicted in Fig 3. 

When these analyses were repeated after excluding BH men 
and those reporting an ethanol intake greater than 400 g/wk, the 
DB X net increment of cortisol interaction for fasting glucose 
remained significant (P = .028). All other aforementioned 
interactions failed to reach significance (P < .09, but P = .773 
for the DB X basal ACTH sum interaction for the cortisol 
response to ACTH at 60 minutes). Moderated regression 
analysis showed three additional significant interactions. A 
significant DB X net cortisol response interaction emerged in 
predicting fasting glucose (P = .045); the net cortisol response 
was negatively associated with glucose among high-DB men, 
while the reverse was true for low-DB men. A significant DB X 
cortisol ratio interaction was also found in predicting both the 
insulin sum and the insulin sum to glucose sum ratio (P = .032 
and .047, respectively). The positive associations between the 
cortisol ratio and summed insulin and between the cortisol ratio 
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Fig 3. Relationships among the pituitary-adrenal hormones, insu- 
lin, and glucose in Iow-DB and high-DB men (range of the scale on x- 
and y-axes, mean -+ 2 SD). Analyses were performed for the whole 
sample (N = 90). 

and the insulin sum to glucose sum ratio were stronger among 
low-DB scorers compared with high-DB scorers. These interac- 
tions are shown in Fig 4J" 

DISCUSSION 

The present study is the first to show that psychosocial stress 
defined in terms of VE and DB has a moderating influence on 
the relationships among the pituitary-adrenal hormones, insulin, 
and glucose in middle-aged men. We found that for exhausted 
(high-VE scorers) and high-DB men, basal ACTH levels during 
the OGTT were positively associated with the cortisol response 
to ACTH at 60 minutes, fasting insulin, and the insulin to 
glucose ratio. Conversely, for nonexhausted (low-VE scorers) 
and low-DB men, the basal ACTH sum was negatively related 
to the cortisol response to direct ACTH stimulation, fasting 
insulin, and the insulin to glucose ratio. 

The reason for these divergent associations as a function of 
VE and DB is not readily apparent. However, an increased 
activity along the hypothalamic-pituitary-adrenal axis has been 
suggested as an early pathogenic factor for insulin resistance 
and hyperinsulinemia. Thus, psychosocial stress-induced in- 
creased sensitivity of the hypothalamic-pituitary-adrenocortical 
system may presumably account for the positive association of 
the basal ACTH level with the cortisol response to ACTH at 60 
minutes, fasting insulin, and the insulin to glucose ratio among 
exhausted and high-DB individuals. At  this time, the mecha- 
nisms underlying the negative relationship between the afore- 
mentioned hormonal and metabolic parameters among nonex- 
hausted and low-DB men are unknown. However, it seems 
apparent that the negative relationship of the basal ACTH level 
with the cortisol response to ACTH at 60 minutes is based on a 
normal well-functioning feedback of cortisol on CRF release. 
Unfortunately, we did not examine the ability of CRF to 
increase ACTH release; this would have enabled determination 
of the sensitivity of the anterior pituitary to this influence (and 
provided an indication of the CRF-receptor interaction at the 
pituitary). 

We also found that (1) basal cortisol levels were negatively 
related to fasting insulin and the insulin to glucose ratio in 
nonexhausted and low-DB men, while these associations were 
virtually absent in exhausted and high-DB men; (2) the 
ACTH-stimulated net cortisol response and net increment of 

?When the moderated regression analyses were repeated after 
adjusting for BMI in the whole sample, the DB × basal ACTH sum 
interaction for the cortisol response to ACTH at 60 minutes remained 
significant ([3 = .23, P = .032, R 2 change = .048). Likewise, the DB X 
net increment of cortisol interaction remained significant in predicting 
fasting glucose ([3 = -.26, P = .011, R 2 change = .066). The DB X 
cortisol ratio interaction showed a similar nonsignificant tendency 
([3 = -.18, P = .099, R 2 change = .028). Other interactions were also 
nonsignificant. As in the whole sample, among non-heavy-drinking 
normotensives, the DB X net increment of cortisol interaction remained 
significant in predicting fasting glucose when adjustment was made for 
BMI ([3 = -.26, P = .040, R2change = .062). The DB X net cortisol 
response interaction for fasting glucose failed to reach significance 
([3 = -.24, P = .063, R 2 change = .052). Other interactions were also 
nonsignificant. However, DB remained a significant predictor of the 
insulin sum to glucose sum ratio after adjusting for BMI ([3 = .24, 
P = .033, R 2 change = .068). 



PITUITARY-ADRENAL HORMONES, INSULIN, AND GLUCOSE 1447 

0.61 

g0 .56  
E 
g 

0 . 5 1  

. ~  0 . 4 0  

DB: Low 

DB: High 

0,41 2.61 21.69 21.77 2185 r 2.93 

log net increment of cortisel (nmol/L) 

0,61 

~0 .56  
E 
g 

o 
~-, 0.51 

~ 0 . 4 8  

0A1 
2.89 2,96 3.04 3.12 3.19 

log net cortlsol response (nmol/t.) 

2.45 1.28 

Fig 4. Relationships among 
the pituitary-adrenal hormones, 
insulin, and glucose in Iow-DB 
and high-DB men (range of the 
scale on x- and y-axes, mean -+ 2 
SD). Analyses were performed 
for non-heavy-drinking (reported 
ethanol intake <401 g/wk) nor- 
motensives (N = 64). 

~ 2.21 

~ 1 . 9 7  

- -  1 . 7 3  

1.49 I I I I 
0.51 0.82 1.13 1,44 1.75 

ratio of net cortisol response to cortisol sum 

o 

1 1.00 

~ 0 . 8 8  

g 
j 0 . 8 8  

0 . 4 0  i i I i 
0.51 0.82 1.13 1.44 1.75 

ratio of net cortisol response to cortisol sum 

cortisol, as well as the cortisol ratio (ie, the ratio of net cortisol 
response to basal cortisol sum), were positively associated with 
fasting glucose among low-DB men, while the reverse was true 
for high-DB men; and (3) the positive associations between the 
cortisol ratio and summed insulin and between the cortisol ratio 
and the insulin sum to glucose sum ratio were stronger among 
low-DB compared with high-DB men. The cortisol ratio has 
previously been suggested as an index of central adrenal 
insufficiency. 6 However, in trying to understand the above- 
described associations, it is of note that the high cortisol 
response to ACTH stimulation may be due to several factors, 
including the following: (1) an increased adrenal cortisol 
reserve, for example, due to heightened ACTH stimulation (eg, 
Cushing's disease); (2) diminished cortisol reserve but possibly 
increased sensitivity of the adrenocortical receptors to ACTH 
stimulation (eg, central adrenal insufficiency, in which case the 
ACTH level should be low); and (3) adrenal hyperplasia, for 
example, due to a partial 21-hydroxylase defect. 24 In any case, 
the present findings indicate that the previously reported 6 
negative association of the basal cortisol level and positive 
association of the cortisol response to ACTH and the cortisol 
ratio with fasting and summed insulin concentrations exists 
only among nonexhansted and low-DB men. By contrast, 
among exhausted and high-DB men, this association was less 
pronounced, absent, or in the opposite direction. It should be 
emphasized that the present results were generally very similar 
irrespective of whether VE or DB served as a moderator 

variable. Therefore, the divergence of the above-described 
relationships as a function of psychosocial stress is probably 
real. 

The explanation for the divergent relationships of cortisol 
secretion to insulin and glucose is not readily apparent, either. In 
interpreting the findings, it is also of note that the observed 
differences in insulin and glucose concentrations may result 
from several factors, ie, changes in secretion of the hormones, 
changes in their ability to influence various body sites, changes 
in the associated synthetic or catabolic processes, or all of these. 
However, relevant to the association of a low cortisol level 
during the OGTT, a high cortisol response to ACTH, and a high 
cortisol ratio with high fasting insulin and glucose levels, 
summed insulin values, and the insulin to glucose ratio found 
among nonexhausted and low-DB individuals, there is evidence 
that (1) the peak cortisol response to CRF is diminished at 
higher circulating insulin levels 25 and (2) glucocorticoids and 
cortisol may inhibit insulin secretion, 26-28 and elevated levels of 
insulin may thereby result from a relative cortisol deficiency. 6 
Obviously, exhaustion and DB mask the influences responsible 
for the negative association of the basal cortisol level and 
positive association of the cortisol response to ACTH and the 
cortisol ratio with insulin and glucose concentrations. Possibly 
relevant to this, insulin appears to interact with ACTH to 
modulate the secretion of cortisol. Kramer et a129 showed that in 
the presence of low concentrations of ACTH, cortisol secretion 
was greater in the presence than in the absence of insulin; in 
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contrast, in the presence of a high concentration of ACTH, 
cortisol secretion was decreased at high insulin concentrations. 
In addition, depression, for example, has been shown to be 
associated with hypercortisolism, 3° and this appeared to be the 
case for DB also in the present study. The negative relationship 
for the net increment of cortisol and net cortisol response with 
fasting glucose found among high-DB men is, in effect, in line 
with the view that suggests an adverse influence of stress- 
induced hypercortisolism on insulin and glucose metabol ism]  
although fasting glucose per se is insufficient to permit firm 
conclusions about aberrations of insulin and glucose metabo- 
lism in individuals with fasting glucose values within the 
normal range. It is notable that although a combination of VE 
and anger-out has previously been shown to be related to a high 
net increment of cortisol, 15 such a behavioral constellation may 
differ, in particular, from DB in psychological significance and 
consequent neuroendocrine patterns. With the possible excep- 
tion of the aforementioned associations and the weak positive 
relationship of basal cortisol levels with summed insulin values 
found among exhausted men, the present findings are not easily 
reconciled with evidence suggesting that the cortisol excess 
would cause insulin resistance and compensatory hyperinsulin- 
emia. The relationships between various components of the 
pituitary-adrenal axis and insulin metabolism appear to be more 
complex. 

Given that severe prolonged stress may ultimately result in 
diminished adrenal cortisol reserve, 15 it would also have been a 

reasonable expectation that the association of a low basal 

cortisol level and a high cortisol response to ACTH with a high 

insulin level and insulin to glucose ratio would exist particularly 

among exhausted individuals. However, although the present 

research participants were employed in obviously stressful 

managerial positions, it appears possible that the psychosocial 

stress they experienced was not prolonged and intense enough 

to result in diminished cortisol reserve. Of course, it remains 

possible that in another sample including individuals experienc- 

ing even more prolonged and pronounced stress, such severe 

stress would account, in part, for the possible association of 

hypocortisolemia with aberrations of insulin metabolism. 

To summarize, these data shed light on the previous inconsis- 

tent findings by indicating that psychosocial stress, defined in 

terms of VE and DB, has a moderating influence on relation- 

ships between the hormones of the pituitary-adrenocortical 

system and insulin and glucose in middie-aged men. This 

influence might be predicated on the aforementioned interaction 

of insulin with ACTH to modulate cortisol secretion, for 

example. Apparently, psychosocial stress may affect the CRF- 

ACTH-cortisol axis in complex ways, thereby contributing to 

insulin resistance, hyperinsulinemia, and CHD risk. However, 

future studies should address the exact mechanisms underlying 

the divergent relationships among these hormonal and meta- 

bolic variables as a function of the high/low VE and high/low 

DB classifications. 
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