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Abdominal obesity, anxiety, and depression have been found to cluster in several studies. To further characterize these 
associations, the following study was performed. In a population of 51-year-old men (N = 284), measurements of obesity 
(body mass index [BMI]) and body fat distribution (waist to hip ratio [WHR] and sagittal trunk recumbent diameter [D]) were 
analyzed in relation to dexamethasone (0.5 mg) inhibition of cortisol secretion, measured as salivary cortisol. Symptoms of 
anxiety and depression were defined by a validated questionnaire. Furthermore, testosterone, insulin-like growth factor-I 
(IGF-I), insulin, glucose, and serum lipid levels were measured. Twenty-five men (8.8%) had symptoms of anxiety and 
depression. BMI, WHR, and D correlated negatively with testosterone, except for BMI in the anxio-depressive (ADP) group. 
IGF-I showed no significant relationship. Furthermore, fasting insulin and the insulin to glucose ratio correlated positively and 
high-density lipoprotein (HDL) cholesterol correlated negatively with BNII, WHR, and D in the total study population and in the 
subgroups. Total and low-density lipoprotein (LDL) cholesterol showed no significant relationships. Correlation coefficients 
tended to be higher in ADP men. Dexamethasone inhibition showed a negative significant relationship with BMI (p = - .47,  
P = .025), WHR (borderline, p = - .37,  P = .086), and D (p = - .43,  P = .046) only in the ADP group. Comparing the ADP group 
versus the group without anxio-depression (ADO) and high or low BMI (P = .008), WHR (P = .026), and D (P = .012) showed 
blunted dexamethasone inhibition only in ADP men with high anthropometric measurements. These findings suggest there is 
a subgroup with elevated BMI, WHR, and D in whom a blunted dexamethasone response is found associated with traits of 
anxiety and depression, conditions characterized by such an abnormality. The reason for the association might be insufficient 
control of cortisol secretion, followed by visceral fat accumulation. 
Copyright © 1998 by W.B. Saunders Company 

A BDOMINAL OBESITY is associated with cardiovascular 
disease, non- insu l in -dependen t  diabetes mell i tus 

(NIDDM), stroke, and premature mortality in both men and 
women. 1 The causes of abdominal distribution of body fat are 
most likely both genetic and environmental. Among the latter 
factors, a hypersensitive hypothalamic-pituitary-adrenal (HPA) 
axis has been suggested via elevated cortisol secretion follow- 
ing this condition, storage fat may be disproportionally directed 
toward visceral depots, 2 as observed clearly in Cushing's 
syndrome. 3 

Several background factors for increased activity of the HPA 
axis have been suggested. 2 Among these are traits of anxiety 
and depression, which are both known to activate the axis. 4-8 
Such traits have been described consistently in both men and 
women with abdominal obesity. 9-12 

Elevated cortisol secretion is frequently associated with 
blunted inhibition of cortisol secretion by dexamethasone, 
which is also found in anxiety disorders and depression. 4-8 We 
have recently found that men with abdominal obesity show a 
decreased response to dexamethasone inhibition at less than 
conventional (1-mg) doses. I3 In the present study, the aim was 
to examine how abdominal obesity, anxiety, and depression 
may interact in their associations with a deficient inhibition of 
cortisol secretion after administration of dexamethasone. More 
specifically, we wanted to examine the putative role of anxiety 
and depression in the blunted dexamethasone suppression found 
in abdominal obesity. The results suggest that the relative 
dexamethasone insensitivity in abdominal obesity follows the 
traits of anxiety and depression rather than abdominal obesity 
itself. 

SUBJECTS AND METHODS 

Study Population 

In 1992, a cohort of men (N = 1,302) were recruited from the 
National Population Register (Gtteborg, Sweden). The target popula- 
tion comprised all men born during the first 6 months of 1944 and living 

in Gtteborg. Between January and June 1992, they were mailed a 
self-administered questionnaire, u,12 A total of 1,040 men (79.9%) 
responded to the questionnaire. Based on the self-reported waist to hip 
ratio (WHR), three subgroups were selected and defined as follows: 150 
men with the lowest WHR (--<0.885), 150 with the highest WHR 
(-->1.01), and 150 with approximately the arithmetic mean value (0.94 to 
0.96) for the WHR. They were then invited to a health examination 
during 1995. A total of 284 (63.1%) volunteered to participate: 94 men 
(62.7%) with the lowest WHR, 94 with the highest, and 96 (64.0%) with 
approximately the mean value for WHR. No man was excluded from 
the study due to somatic or psychiatric disease. 

The study was approved by the Ethical Committee of the Medical 
Faculty of the University of Gtteborg and by the Swedish Data 
Inspection Board. 

Examinations 

All examinations were performed in the morning after an overnight 
fast. The dexamethasone suppression test was performed several days 
after blood sampling. The examinations for each man were performed 
by the same research nurses and technicians. 

Anxio-depressive Infirmity 

The participants completed a questionnaire, the G6teborg Quality of 
Life Instrument, TM which contains 48 items about social, mental, and 
physical welt-being. We defined anxio-depressive infirmity using the 
following symptoms perceived during the prior 3 months: (1) general 
fatigue, (2) sleeping disturbance, (3) nervousness, (4) irritability, (5) 
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exhaustion, (6) impaired concentration, (7) restlessness, (8) depression, 
(9) crying easily, and (10) difficulty relaxing. Each symptom is scored 
by a "yes-no" nominal scale. If the subjects indicated "yes" on at least 
three of these symptoms, they were classified as anxio-depressive. This 
instrument has been thoroughly validated previously.14 

Physical Health Status and Current Medication 

The participants were asked to report a history of the following 
diseases if diagnosed by a physician: (1) angina pectoris, (2) cerebral 
infarction and/or hemorrhage (stroke), (3) endocrine disorder, (4) 
hyperlipidemia, (5) hypertension, (6) insulin-dependent diabetes melli- 
tus (IDDM), (7) myocardial infarction, and (8) NIDDM. In addition, 
information about the current use of medication (drug name and dosage) 
was obtained. 

Anthropometry 

Body weight was measured to the nearest 0.1 kg with participants 
dressed in underwear, and height was measured to the nearest 1 cm. The 
body mass index (BMI) was calculated as weight in kilograms divided 
by height in meters squared. The waist circumference was measured 
midway between the lower rib and iliac crest, and the hip circumference 
at the level of the greater trochanter. 15 The WHR was calculated as the 
ratio of the waist and hip circumferences. The sagittal trunk diameter 
([D] in centimeters) was determined as the distance between the 
examination table and the highest point of the abdomen in a recumbent 
position. 16 

Hormones, Glucose, and Serum Lipids 

Salivary cortisol was determined by radioimmunoassay ([RIA] Orion 
Diagnostica, Turku, Finland). A sampling device (Salivette; Sarstedt, 
Rommelsdorf, Germany) was used to measure salivary cortisol levels. 
The Salivette consists of a small cotton swab inside of a standard 
centrifugation tube. 17 The participants were given three Salivettes and 
one tablet of dexamethasone (Decadron; MSD, Sollentuna, Sweden) 0.5 
rag. They were asked to chew the cotton swab in the morning (8:00 to 
9:00 AM) for 45 to 60 seconds for 2 consecutive days. At 10:00 I,M on the 
second day, the dexamethasone tablet was swallowed, and the following 
morning the salivary sampling was repeated. The participants were 
given careful oral and written instructions. The decrease in salivary 
cortisol after dexamethasone administration was calculated as the mean 
level of noninhibited cortisol minus the cortisol level after dexametha- 
sone. 

Serum total testosterone was determined by a nonextraetion method 
in which testosterone bound to bovine serum albumin (BSA) at C-19 
(testosterone-19-carboxymethylether-BSA) was used as the antigen 
(Testosterone 1251 RIA; ICN Biomedicals, Costa Mesa, CA). Insulin- 
like growth factor-I (IGF-I) was determined by hydrochloric acid- 
ethanol (12.5% 2N HCl/87.5% ETOH)-extraction RIA (Nichols Insti- 
tute Diagnostics, San Juan Capistrano, CA). The insulin level was 
measured by RIA (Pharmacia Insulin RIA 100; Kabi Pharmacia 

Diagnostics, Uppsala, Sweden). Glucose was determined by a commer- 
cially available enzymatic method, is and serum lipids were assayed as 
described by Wiklund et al. 19 

Statistical Analysis 

Standard methods were used to calculate the descriptive statistics. 
Before entering the variables into the analyses, a distribution fitting test 
was completed. The Shapiro-Wilk W test 2° showed that the variables 
were not compatible with a gaussian (normal) distribution. To evaluate 
the accuracy of classification of the subjects as either ADP or ADO, the 
differences in the proportion of response to each symptom between the 
two groups were examined by Fisher's exact permutation test. 21 Tests of 
associations between anthropometric, endocrine, and metabolic measure- 
ments were accomplished with Spearman's rim (9). 22 BMI, WHR, and 
D were then arranged into three equal ordered strata of each frequency 
distribution. Based on this stratification, a two-group model was 
assigned by designating individuals within the highest strata as one 
group and all others as another group for each anthropometric measure- 
ment (ie, BMI --> 27.35 v BMI < 27.35, WHR --> 0.967 v WHR < 0.967, 
and D >- 24.0 v D < 24.0). Hypothesis testing on differences in the 
mean Wilcoxon score for the decrease of salivary cortisol after 
dexamethasone administration in the two-group model in relation to 
anxio-depressive infirmity was performed by the Wilcoxon rank-sum 
test. 23 

Nonparticipation analyses were performed using tests appropriate to 
the scale of measurement of each variable, u32 The statistical signifi- 
cance was relaxed to an c~ level of.  10 to increase the sensitivity to detect 
potential selection (nonparticipant) bias. 

Throughout this report, all confidence intervals and P values are 
two-sided. Statistical significance was accepted for an c~ value of .05. 
All data analyses were performed using the Statistical Analysis System 
(SAS for Windows, release 6.12; SAS Institute, Cary, NC). 

RESULTS 

There  were no  statist ically s ignif icant  d i f ferences  in the  

c h a r a c t e r s d c s  o f  par t ic ipants  and  nonpar t ic ipants ,  evaluated  
11 12 f rom previous ly  obta ined  in format ion  , and by  m e a n s  o f  the 

Wi lcoxon  r a n k - s u m  test  and F i she r ' s  exac t  pe rmuta t ion  test, 

concern ing  the u se  o f  anxiolyt ics ,  hypnot ics ,  and  ant idepres-  

sants,  s leeping  dis turbances ,  educat ional  level,  and degree  o f  

life satisfaction,  as well  as melancholy .  

Table 1 presents  the  phys ica l  hea l th  status and current  

medica t ion  u se  in the  total s tudy  populat ion.  S ix ty-e ight  

subjects  (23.9%) had  hyper l ip idemia  and 44 (15.5%) had  

hyper tens ion.  Ant idepressan ts  were used  by  six (2.1%) of  the  

part icipants.  Hyper l ip idemia  and  hyper tens ion  were  signifi-  

cant ly  posi t ively  associa ted  wi th  BMI,  W H R ,  and  D. There  

were no re la t ionships  be tween  reported d isease  his tory or 

medica t ion  use  and d e x a m e t h a s o n e  inhibit ion.  

Table 1, Physical Health Status and Current Medication Use in the Total Study Population (N = 284) 

Physical Health Status No. of Subjects % CI* Medication Used No. of Subjects % CI* 

Angina pectoris 6 2.1 0.8-4.5 
Endocrine disorders 2 0.7 0.1-2.5 
Hyperlipidemia 68 23.9 19.1-29,3 
Hypertension 44 15,5 11.5-20.2 
IDDM 2 0.7 0.1-2.5 
Myocardial infarction 4 1,4 0.4-3.6 
NIDDM 6 2.1 0,8-4.5 
Stroke 3 1.1 0.2-3.1 

Antidepressant drugs 6 2.1 0.8-4.5 
Angiotensin-converting enzyme inhibitors 8 2.8 1.2-5.5 
13-Adrenergic antagonists and Ca 2+ channel blockers 25 8.8 5,8-12.7 
Hypnotics, sedatives, and neuroleptic drugs 14 4.9 2.7-8.1 
Insulin 2 0.7 0.1-2.5 
Lipid-lowering drugs 6 2.1 0.8-4.5 
Oral hypoglycemic agents 6 2.1 0.8-4.5 
Thyroid drugs 2 0.7 0.1-2.5 

Abbreviation: CI, confidence interval. 
*Exact (Fisher's) 95% CI. 
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Table 2 shows the mean -+ SD values for anthropometric, 
endocrine, and metabolic measurements in the total study 
population and in ADO and ADP subjects. ADP subjects had 
higher mean values for BMI, WHR, and D, as well as a lower 
mean value for the decrease in salivary cortisol after dexametha- 
sone inhibition, compared with the total population and ADO 
subjects. 

The difference in the decrease of salivary cortisol after 
dexamethasone inhibition between ADO subjects (mean Wil- 
coxon score, 112.1) and ADP subjects (mean Wilcoxon score, 
91.4) was not statistically significant (P = .  147). 

Table 3 shows the difference in the proportion of response to 
each symptom between ADO subjects and ADP subjects. 
Within the ADP group, the proportion of subjects who re- 
sponded "yes" for each symptom was significantly increased, 
with the exception of crying easily (P = .178) and difficulty 
relaxing (P = .066). The fraction of the total study population 
classified as ADP was 8.8%. 

The association between the BMI and endocrine and meta- 
bolic variables in relation to anxio-depression is presented in 
Table 4. Results are given for the total population and ADO and 
ADP subjects. The decrease of salivary cortisol after dexametha- 
sone was significantly negatively related in the ADP group only. 
A negative significant relationship was found between the BMI 
and testosterone in the total study population and the ADO 
group. Fasting insulin values were highly related to BMI in all 
groups, as was the fasting glucose concentration, except in the 
ADP group. The fasting insulin to glucose ratio and triglycer- 
ides were also highly significantly positively related in all three 
groups. Total and low-density lipoprotein (LDL) cholesterol 
showed no relationship and high-density lipoprotein (HDL) 
cholesterol showed a negative significant correlation with BMI 
in all groups. 

The association between the WHR and endocrine and 
metabolic variables in relation to anxio-depression is shown in 
Table 5. Testosterone was significantly negatively related to the 
WHR in all groups, and dexamethasone inhibition (borderline, 
P = .086) and IGF-I were significantly negatively related to the 

Table 2. Anthropometric, Endocrine, and Metabolic Measurements 
(mean _+ SD) 

Total Study 
Population ADO Subjects ADP Subjects 

Parameter (n - 284) (n - 259) (n = 25) 

BMI (kg/m 2) 26,3 + 4.1 26.1 _+ 3.9 27.8 +- 5.2 

WHR 0.94_+ 0.07 0,93 -- 0.07 0.96 + 0.07 

Sagittal t runk recumbent  

d iameter  (cm) 22,7 _+ 3,8 22.7 ± 3.6 23.1 +_ 4,7 

Sal ivary cort isol inhibi-  

t ion by dexametha-  

sone (nmol/L) 12.0 + 5.3 12,1 ± 5.2 10.7 + 5.3 

Testosterone (nmol/L) 19.7 -+ 5.5 19.8 ± 5.4 19.3 -+ 6.5 

IGF-I (pg/L) 204,6 ± 64.6 205.4 ± 64.1 196.6 _+ 69.3 

Fasting insul in (mU/L) 12.7 ± 10.9 12.6 _+ 11.0 14.2 -+ 10,1 

Fasting glucose (mmol/L)  4.6 _+ 1.0 4.6 -- 1.1 4.3 _+ 0.4 

Insul in/glucose ratio 2.8 + 2.7 2,7 -- 2.7 3.3 _+ 2.3 

Tr iglycerides (retool/L) 1.8 ± 1.1 1.8 -- 1.1 2.0 + 0.9 

Cholesterol (mmol /L)  6.2 _+ 1.1 6.2 ÷ 1.1 6.1 _+ 1.2 

HDL cholesterol (mmol /L)  1.2 _+ 0.3 1.2 -- 0.3 1,2 -- 0.4 

LDL cholesterol (mmol /L)  4.1 + 1,0 4.1 _+ 1.0 4.0 _+ 1.2 
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Table 3. Differences in the Proportion of Response to Each Symptom 
Between ADO Subjects and ADP Subjects 

ADO Subjects(n-259) ADPSubjects(n=25) 

Yes No ~ s  No 

Symptom No. % No. % No. % No. % P 

Genera l fa t igue 118 45.6 141 54.4 25 100 0 0 <.001 

Sleeping 

disturbance 64 24.7 194 74.9 24 96.0 1 4.0 <.001 

Nervousness 16 6.2 242 93.4 16 64.0 9 36.0 <.001 

Irr i tabi l i ty 74 28.6 181 69.9 23 92.0 2 8.0 <.001 

Exhaust ion 59 22.8 199 76.8 18 72,0 7 28.0 <.001 

Impaired 

concentrat ion 61 23.6 196 75.7 16 64.0 9 36.0 <.001 

Restlessness 75 29.0 183 70.7 18 72.0 7 28.0 <.001 

Depression 84 32.4 173 66.8 15 60,0 10 40.0 .008 

Crying easily 27 10.4 231 89.2 5 20.0 20 80,0 .178 

Dif f icul ty relaxing 73 28.2 182 70.3 12 48,0 13 52.0 .066 

*Fisher's exact permutat ion test. 

WHR only in the ADP group. Positive significant relationships 
were found in all groups with fasting insulin, fasting glucose 
(except ADP), the insulin to glucose ratio, and triglycerides. 
Total and LDL cholesterol showed no significant relationships 
and HDL cholesterol showed negative significant relationships 
in the total study population and subgroups. 

Table 6 shows similar examinations in relation to D, and 
dexamethasone inhibition was negatively related to D only in 
the ADP group. Testosterone was significantly negatively 
related in all groups. Fasting insulin and glucose and their ratio, 
as well as triglycerides, showed statistically significant relation- 
ships in all groups, except fasting glucose in the ADP group. 
Total and LDL cholesterol showed no significant relationship 
and HDL cholesterol showed a significant negative relationship 
in all groups. 

Table 7 shows the difference in mean Wilcoxon scores for the 
decrease in salivary cortisol after dexamethasone administra- 
tion in relation to anxio-depressive infirmity in subgroups of the 
anthropometric measurements. In groups with the highest BMI 
(->27.35), WHR (>-0.967), and D (->24), subjects with ADP 
showed a significantly smaller decrease of salivary cortisol 

Table 4. Spearman's p and PValue for Correlations Between BMI 
and Endocrine and Metabolic Variables 

Variable 

BMI 

Total Study 
Population ADO Subjects ADP Subjects 
(n - 284} (n - 259) (n = 25) 

p P p P p P 

Sal ivary cortisol inhibi t ion 

by dexamethasone 

(nmol/L) - . 0 2  >.200 ,06 >.200 - . 4 8  .025 

Testosterone(nmol /L)  - . 3 8  <.001 - . 3 8  <.001 - . 28  .183 

IGF-I(pg/L) - . 0 3  >.200 - .01  >.200 - , 17  >.200 

Fasting insulin (mU/L) .57 <.001 .55 <.001 .70 <,001 

Fasting glucose (mmol/L)  .28 <.001 .29 <.001 .29 ,164 

Insul in/glucose ratio .54 <.001 .51 <.001 .69 < .001  

Tr ig lycer ides(mmol /L)  .42 <.001 .40 <.001 ,64 <.001 

Cholesterol (mmel/L)  .04 >.200 ,03 >.200 ,24 >.200 

HDLcho les te ro l (mmol /L )  - . 4 0  <.001 - . 3 7  <.001 - . 6 4  <.001 

LDLcholesterol  (mmol /L)  ,03 >.200 .03 >.200 .18 >.200 
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Table 5. Spearman's p and PValue for Correlations Between WHR 
and Endocrine and Metabolic Variables 

Variable 

WHR 

Total Study ADO ADP 
Population Sub jec t s  Subjects 
(n = 284) (n = 259) (n = 25) 

p P p P p P 

Salivary cortisol inhibi- 

tion by dexametha- 

sone (nmol/L) .01 >.200 .07 >.200 -.37 .086 

Testosterone (nmol/L) - .33 <.001 - .30 <.001 - .46 .019 

IGF-I (pg/L) - .08 .188 - .05 >.200 -.36 .076 

Fasting insulin (mU/L) .53 <.001 .52 <.001 .56 .004 

Fasting glucose (retool/L) .31 <.001 .34 <.001 .21 >.200 

Insulin/glucose ratio .48 <.001 .47 <.001 .58 .003 

Triglycerides (retool/L) .37 <.001 .34 <.001 .65 <.001 

Cholesterol (mmol/L) 7 × 10 -4 >.200 .01 >.200 .02 >.200 

HDLcholesterol (mmol/L) - .30 <.001 .26 <.001 -.50 .011 

LDLcholesterol (mmoi/L) - .05 >.200 - .03 >.200 -.10 >.200 

levels after dexamethasone, whereas this was not the case in 
men with a lower BMI, WHR, and D. 

Finally, the dexamethasone-inhibited salivary cortisol level 
was correlated with the BMI, WHR, and D within the ADP 
group. Negative relationships were found in relation to BMI 
(P = - .47 ,  P = .025; Fig 1) and WHR (p = - .37 ,  P = .086; 
Fig 2), as well as D (p = - .43 ,  P = .046; Fig 3). 

DISCUSSION 

Subjects with abdominal, visceral obesity have previously 
been found to consistently show traits of anxiety and depression 
in both men and women in several studies. 9-12 Anxiety and 
depression are known to be associated with blunted dexametha- 
sone inhibition, 5,24 and men with abdominal obesity have 
recently been found to show a defect in such inhibition with 0.5 
mg dexamethasone) 3 We therefore hypothesized that anxiety 
and depression might be factors mediating dexamethasone 
insensitivity in abdominal obesity. 

This assumption was confirmed by the nonsignificant relation- 
ships between the decrease in cortisol after dexamethasone and 

Table 6. Spearman's p and PValue for Correlations Between Sagittal 
Trunk Recumbent Diameter and Endocrine and Metabolic Variables 

Variable 

Sagittal Trunk Recumbent Diameter 

Total Study ADO ADP 
Population Sub jec t s  Subjects 
(n = 284) (n = 259) (n = 25) 

p P p P p P 

Salivary cortisol inhibition 

by dexamethasone 

(nmol/L) .01 >.200 .07 >.200 -.43 .046 

Testosterone (nmol/L) - .37 <.001 - .34 <.001 -.47 .018 

IGF-I (pg/L) .02 >.200 .06 >.200 -.32 .119 

Fasting insulin (mU/L) .61 <.001 .59 <.001 .65 <.001 

Fasting glucose (mmol/L) .36 <.001 .38 <.001 .29 .162 

Insulin/glucose ratio .54 <.001 .53 <.001 .65 <.001 
Triglycerides (mmol/L) .46 <.001 .43 <.001 .69 <.001 

Cholesterol(mmol/L) .05 >.200 .03 >.200 .22 >.200 

HDLcholesterol (mmol/L) - .40 <.001 -.37 <.001 -.62 <.001 

LDLcholesterol (mmol/L) 7 × 10 -3 >.200 -.01 >.200 .15 >.200 

Table 7. Mean Wilcoxon Score for Differences in the Decrease of 
Salivary Cortisol (nmol/L) After Dexamethasone Administration in 

Relation to Anxio-depressive Infirmity in Subgroups of 
Anthropometric Measurements 

Parameter ADO Subjects ADP Subjects P* 

Total study population 112.1 (n = 259) 91.4 (n = 25) .147 

BMI >- 27.35 39.6 (n = 80) 22.5 (n = 14) .008 

BMI <27.35 73.4(n = 179) 83.1 (n = 11) >.200 

WHR -> 0.967 38.7 (n = 84) 22.8 (n = 13) .026 

WHR < 0.967 73.9(n = 175) 74.8(n = 12) >.200 

Sagittal trunk recumbent 

diameter -> 24.0 41.3 (n = 95) 21.3 (n = 10) .012 

Sagittal trunk recumbent 

d iameter< 24.0 71.2 (n - 164) 74.2 (n = 15) >.200 

NOTE. *Wilcoxon rank-sum test. Figures within parentheses are the 

total number of subjects in each group. 

the BMI, WHR, and D in the total population. The BMI 
provides an estimation of obesity, WHR of body fat distribution, 
and D of visceral fat mass.16 Relationships to all these measure- 
ments have therefore been interpreted to indicate associations 
with abdominal (WHR and D) obesity (BMI). However, 
significantly blunted inhibition was found in the groups with 
elevated BMI, WHR, and D where anxio-depression was found, 
but this was not the case either when symptoms of depression 
and anxiety were absent or in subgroups with low values on 
obesity and body fat distribution measurements. Thus, the 
tentative conclusion from these data is that a decreased dexa- 
methasone response is found only in men with abdominal 
obesity who have traits of anxiety and depression. This was 
significant despite the relatively low number of men in this 
subgroup (N = 25). 

The men examined in this report were recruited from a 
previously selected population of men (N = 1,040). A response 
to the questionnaire was available from all men recruited for the 
present study. There were no significant differences between 
participants (N = 284) and nonparticipants in the subgroups 
examined here, evaluated from previously obtained informa- 
tion, 11,12 concerning the use of anxiolytics, hypnotics, and 
antidepressants, sleeping disturbances, educational level, and 
degree of life satisfaction or melancholy. The prevalence of 
reported hyperlipidemia (23.9%; Table 1) is surprisingly high, 
but based only on the report of the participants. Our own 
measurements do not support such a high prevalence (Table 2). 

The index of anxio-depression was selected from defined 
positive responses to a previously tested life-quality instru- 
ment. 14 When this index, consisting of three or more positive 
answers out of 10, was tested against any of the separate 10 
items, highly significant differences were found for the propor- 
tion of subjects classified as ADO and subjects classified as 
ADR suggesting the validity of this index. The results suggest 
that 8.8% of this middle-aged Swedish population suffers from 
anxio-depressive symptoms. 

The dexamethasone dose of 0.5 mg was used, guided by 
previous results. 13 Salivary cortisol was examined to allow 
testing at home under ordinary life conditions and to avoid 
venipuncture. When such measurements are performed simulta- 
neously with serum cortisol, a strong significant correlation is 
found. 17 We have also confirmed these data (Ljung T, et al, 
unpublished results, 1995). 
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35 

Fig 1. Association between the decrease 
of salivary cortisol (nmol/L) after dexametha- 
sone administration and the BMI among sub- 
jects with anxio-depressive infirmity. The el- 
lipse represents a 95% confidence area, 
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Other endocrine examinations were also performed, includ- 
ing total testosterone and IGF-I, the latter an indicator of growth 
hormone secretion. 25 Testosterone was decreased with BMI in 
the total population and in ADO subjects, but not in ADP 
subjects. However, with an elevation of the regional measure- 
ments WHR and D, testosterone was also low in the ADP group. 
IGF-I was independent of obesity, but tended to be lower with a 
high WHR and D, although not significantly, perhaps due to the 
relatively low number of subjects. It then seems that both 
testosterone and IGF-I are inversely associated with obesity and 
abdominal distribution of body fat, in accordance with previous 
reports. 2<27 To what extent anxio-depression might be involved 
additionally is uncertain from the present data with a small 
number of subjects. 

As shown repeatedly, 2 fasting insulin and glucose and their 

ratio, as an approximation of insulin sensitivity, as well as 
triglycerides and HDL cholesterol (negative) but not total and 
LDL cholesterol, were related to measurements of generalized 
obesity and centralized body fat. An exception was glucose in 
the ADP group. This was the case in the total population and in 
the ADO and ADP groups. Of note is the observation that the 
correlation coefficients in all instances were higher in the ADP 
group versus the other groups, suggesting a more disturbed 
metabolism in this group. 

A diminished response to subconventional (1 rag) doses of 
dexamethasone has been reported recently in men with abdomi- 
nal obesityl3; traits of anxiety and depression were not mea- 
sured in the study. Here, we report that anxio-depressive 
symptoms seem essential for blunted dexamethasone inhibition, 
but only in men with abdominal obesity. Subjects with anxiety 
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Fig 2. Association between the decrease 
of salivary cortisol (nmol/L) after dexametha- 
sone administration and the WHR among 
subjects with anxio-depressive infirmity. The 
ellipse represents a 95% confidence area. 
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Fig 3. Association between the decrease 
of salivary cortisol (nmol/L) after dexametha- 
sone administration and the sagittal trunk 
recumbent diameter (D) among subjects with 
anxio-depressive infirmity. The ellipse repre- 
sents a 95% confidence area, 

and depression show abnormalities in regulation of the HPA 
axis. 4-8,24,28 The basis for a diminished dexamethasone response 
has been considered to be hyperactivity of the HPA axis, 
perhaps mediated via downregulation of central glucocorticoid 
receptors. 29 We have previously shown that cortisol secretion is 
positively related to the sagittal trunk recumbent diameter (D). 3° 
Furthermore, the response to corticotropin and to laboratory 
stress tests is elevated in terms of cortisol secretion, 3°32 and this 
seems to be the case also with the response to both corticotropin- 
releasing hormone and arginine vasopressin. 32,33 These observa- 
tions suggest a hyperactive HPA axis in subjects with abdominal 
obesity, with at least periodically elevated cortisol secretion, 
which then may provide an explanation for the relative insensi- 
tivity to dexamethasone inhibition. 29 

The reason that a blunted dexamethasone inhibition was 
found only in relation to abdominal obesity is not known, but 
can be a matter of speculation. Abdominal obesity might cause 
anxiety and depression. This seems unlikely, because the 
majority of men with abdominal obesity did not show symp- 
toms of anxiety and depression. Another possibility to consider 
is that both anxiety and depression, and obesity are symptoms 
of central serotonin deficiency and both are improved or cured 
by serotonin agonistic effects. 34 These effects are most likely 
mediated via 5-hydroxytryptophan receptors. This may mean 
that effects on several receptors are responsible for the com- 
bined phenomena of anxiety-depression symptoms and abdomi- 
nal obesity. Some support for this contention is found in 
observations that patients with depression may have either 
associated hyperphagia or anorexia. 35 

A tentative conclusion from this study might be that the 
syndrome of abdominal obesity may show subgroups with 

different characteristics. Subjects with dexamethasone insensi- 
tivity in relation to anxiety and depression may be one such 
subgroup. There might be other parts of the syndrome depend- 
ing on, for example, alcohol, stress, and smoking tobacco, 
found to be associated with abdominal obesity. These factors 
are all known to activate the HPA axis and show blunted 
dexamethasone inhibition. 2 The results reported here remained 
unchanged after taking smoking into account (not shown). 
Since the alcohol reports collected may be considered unreli- 
able, we did not analyze this factor separately, and a potential 
influence therefore cannot be ruled out. It seems likely that 
these various environmental pressures on the HPA axis are 
highly interwoven. The results presented here also suggest there 
may be subjects with abdominal obesity without HPA axis 
involvement. This is currently the subject of further analyses. 

Very recently, it has been shown that cynomolgus monkeys 
subjected to mild stress by social subordination develop behav- 
ioral depression and a diminished response to the inhibition of 
cortisol secretion with a small dose of dexamethasone. 36 This is 
in excellent agreement with the data presented here in humans, 
particularly since psychosocial handicaps clearly are also 
involved in the human syndrome.ll 

We would like to hypothesize that the syndrome of abdomi- 
nal obesity may be expressed with more or less environmental 
pressure of different origin with genetic background factors 
involved. 37 

ACKNOWLEDGMENT 

The authors thank (in alphabetic order) Christina Jonsteg, George 
Lappas, Katarina Romanus, Erik Tengdahl, and Inga-Lill ~Lhs for 
excellent technical assistance. 

REFERENCES 

1. Bj6rntorp P: The associations between obesity, adipose tissue 3. Mayo-Smith W, Hayes CW, Biller BMK, et al: Body fat distribu- 
distribution and disease. Acta Med Scand 723:121-134, 1987 tion measured with CT: Correlations in healthy subjects, patients with 

2. Bj6rntorp P: Visceral obesity: A "civilization syndrome." Obes anorexia nervosa, and patients with Cushing syndrome. Radiology 
Res 1:206-222, 1993 170:515-518, 1989 



ENDOCRINE AND METABOLIC ABERRATIONS IN OBESITY 1193 

4. Roy-Byrne PR Uhde TW, Post RM, et al: The corticotropin- 
releasing hormone stimulation test in patients with panic disorder. Am J 
Psychiatry 143:896-899, 1986 

5. Abelson JL, Curtis GC: Hypothalamic-pituitary-adrenal axis 
activity in panic disorder. 24-Hour secretion of corticotropin and 
cortisol. Arch Gen Psychiatry 53:323-331, 1996 

6. Linkowski R Mendlewicz J, Leclercq R, et al: The 24-hour profile 
of adrenocorticotropin and cortisol in major depressive illness. J Clin 
Endocrinol Metab 61:429-438, 1985 

7. Roy A, Jimerson DC, Pickar D: Plasma MHPG in depressive 
disorders and relationship to the dexamethasone suppression test. Am J 
Psychiatry 143:846-851, 1986 

8. Nemeroff CB, Krishnan KRR, Reed D, et al: Adrenal gland 
enlargement in major depression: A computed tomographic study. Arch 
Gen Psychiatry 49:384-387, 1992 

9. Lapidus L, Bengtsson C, Hfillstr6m T, et al: Obesity, adipose 
tissue distribution and health in women--Results from a population 
study in Gothenburg, Sweden. Appetite 12:25-35, 1989 

10. Wing RR, Matthews KA, Kuller LH, et al: Waist to hip ratio in 
middle-aged women. Associations with behavioral and psychosocial 
factors and with changes in cardiovascular risk factors. Arterioscler 
Thromb 11:1250-1257, 1991 

11. Rosmond R, Lapidus L, Bj6rntorp P: The influence of occupa- 
tional and social factors on obesity and body fat distribution in 
middle-aged men. Int J Obes Relat Metab Disord 20:599-607, 1996 

12. Rosmond R, Lapidus L, Mfirin R et ai: Mental distress, obesity 
and body fat distribution in middle-aged men. Obes Res 4:245-252, 
1996 

13. Ljung T, Andersson B, Bengtsson B-A, et al: Inhibition of 
cortisol secretion by dexamethasone in relation to body fat distribution: 
A dose-response study. Obes Res 4:277-282, 1996 

14. Tibblin G, Tibblin B, Peciva S, et al: The G6teborg Quality of 
Life Instrument--An assessment of well-being and symptoms among 
men born 1913 and 1923. Scand J Prim Health Care Suppl 1:33-38, 
1990 

15. World Health Organization Expert Committee on Physical 
Status: The use and interpretation of anthropometry: Report of a WHO 
Expert Committee. World Health Org Tech Rep Set 854:430-431, 1995 

16. Kvist H, Chowdhury B, Grang~d U, et al: Total and visceral 
adipose-tissue volumes derived from measurements with computed 
tomography in adult men and women: Predictive equations. Am J Clin 
Nutr 48:1351-1361, 1988 

17. Kirschbaum C, Hellhammer DH: Salivary cortisol in psychoneu- 
roendocrine research: Recent developments and applications. Psycho- 
neuroendocrinology 19:313-333, 1994 

18. R6mer M, Haeckel R, Bonini R et al: European multicentre 
evaluation of the ESAT 6660. J Clin Chem Clin Biochem 28:435-443, 
1990 

19. Wiklund O, Fager G, Craig IH, et al: Alphalipoprotein choles- 

terol levels in relation to acute myocardial infarction and its risk factors. 
Scand J Clin Lab Invest 40:239-247, 1980 

20. Shapiro SS, Wilk MB: An analysis of variance test for normality 
(complete samples). Biometrika 52:591-611, 1965 

21. Fisher RA: The Design of Experiments (ed 8). Edinburgh, UK, 
Oliver & Boyd, 1966 

22. Spearman C: The proof and measurement of association between 
two things. Am J Psychol 15:72-101, 1904 

23. Wilcoxon F: Individual comparisons by ranking methods. Bio- 
metrics 1:80-83, 1945 

24. Valdivieso S, Duval F, Mokrani M-C, et al: Growth hormone 
response to clonidine and the cortisol response to dexamethasone in 
depressive patients. Psychiatry Res 60:23-32, 1996 

25. Clemmons DR, Van Wyk JJ: Factors controlling blood concentra- 
tion of somatomedin C. Clin Endocrinol Metab 13:113-143, t 984 

26. Seidell JC, Bj6rntorp E Sj6str6m L, et al: Visceral fat accumula- 
tion in men is positively associated with insulin, glucose, and C-peptide 
levels, but negatively with testosterone levels. Metabolism 39:897-901, 
1990 

27. M~rin P, Kvist H, Lindstedt G, et al: Low concentrations of 
insulin-like growth factor-I in abdominal obesity. Int J Obes Relat 
Metab Disord 17:83-89, 1993 

28. Mitchell PB, Beam JA, Corn TH, et al: Growth hormone 
response to clonidine after recovery in patients with endogenous 
depression. Br J Psychiatry 152:34-38, 1988 

29. Sapolsky RM, Krey LC, McEwen BS: The neuroendocrinology 
of stress and aging: The glucocorticoid cascade hypothesis. Endocr Rev 
7:284-301, 1986 

30. M~rin P, Darin N, Amemiya T, et al: Cortisol secretion in relation 
to body fat distribution in obese premenopausal women. Metabolism 
41:882-886, 1992 

31. Moyer AE, Rodin J, Grilo CM, et al: Stress-induced cortisoi 
response and fat distribution in women. Obes Res 2:255-261, 1994 

32. Pasquali R, Cantobelli S, Casimirri F, et al: The hypothalamic- 
pituitary-adrenal axis in obese women with different patterns of body fat 
distribution. J Clin Endocrinol Metab 77:341-346, 1993 

33. Pasquali R, Casimirri F, Cantobelli S, et al: [3-Endorphin 
response to exogenous corticotrophin-releasing hormone in obese 
women with different patterns of body fat distribution. Int J Obes Relat 
Metab Disord 17:593-596, 1993 

34. Eriksson E, Humble M: Serotonin in psychiatric pathophysiol- 
ogy. A review of data from experimental and clinical research. Prog 
Basic Clin Pharmacol 3:66-119, 1990 

35. Paykel ES: Depression and appetite. J Psychosom Res 21:401- 
407, 1977 

36. Shively CA, Laber-Lalrd K, Anton RF: Behavior and physiology 
of social stress and depression in female cynomolgus monkeys. Biol 
Psychiatry 41:871-882, 1997 

37. Bouchard C, Pdrusse L: Current status of the human obesity gene 
map. Obes Res 4:81-90, 1996 


