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Summary. Insulin resistance and dyslipidaemia associated 
with smoking may result from increased secretion of anti-in- 
sulin hormones. We compared the pituitary-adrenocortical 
function using oral glucose tolerance, dexamethasone sup- 
pression and ACTH stimulation tests in smoking (n = 22) 
and non-smoking (n : 22) healthy males matched for age, 
body mass index, and waist-to-hip ratio. Smokers had lower 
HDL-cholesterol (p < 0.02), and higher triglyceride 
(p < 0.001), basal cortisol (p < 0.05), insulin (p < 0.05), and 
C-peptide (p < 0.02) levels, and a higher response of insulin 
and C-peptide to oral glucose (p < 0.005) than non-smokers, 
while the ACTH, cortisol, 17-hydroxyprogesterone, dehy- 
droepiandrosterone, and androstenedione responses to oral 
glucose were similar in both groups. No differences were 
found in the response of cortisol, 17-hydroxyprogesterone, 
dehydroepiandrosterone, and androstenedione to dexa- 

methasone. In contrast, the response of 17-hydroxyproges- 
terone (p = 0.04), dehydroepiandrosterone (p = 0.007), and 
androstenedione (p = 0.001) to ACTH was higher in smo- 
kers than non-smokers, while the increase in cortisol was of 
marginal significance (p = 0.07). In multiple regression ana- 
lyses the dehydroepiandrosterone response to ACTH was a 
significant determinant of insulin, C-peptide, and trigly- 
ceride levels independent of physical activity, waist-to-hip 
ratio and HDL-cholesterol. Thus, smoking inhibits the adre- 
nal 21-hydroxylase resulting in an increase in the production 
of adrenal androgens, which might contribute to the insulin 
resistance and dyslipidaemia in smokers. 

Key words: Insulin resistance, C-peptide, lipoproteins, 
obesity, dehydroepiandrosterone, androstenedione, 17-hy- 
droxyprogesterone, cortisol. 

Smoking, a major risk factor for coronary heart disease 
(CHD) [1], may be associated with insulin resistance and 
hyperinsulinaemia [2]. The decrease in serum HDL-cho-  
lesterol (HDLC) and the increase in triglyceride (TG) 
levels [3] may be secondary to insulin resistance [4]. 
Other  hormonal  abnormalities in smokers include elev- 
ated dehydroepiandrosterone sulphate (DHEAS),  an- 
drostenedione, cortisol, growth hormone and catechol- 
amines [5-13]. The last three hormones can antagonize 
many of the insulin effects, and may thus be involved in 
causing insulin resistance [14-16]. We have been inter- 
ested in the hypothesis that an altered neuroendocrine 
response via the pituitary-adrenal axis may have a role in 
inducing insulin resistance and dyslipidaemia [17]. To 
examine this possibility further, we carried out oral glu- 
cose tolerance tests (OGTT)  followed by dexamethasone 
suppression and A C T H  stimulation tests on well- 
matched groups of healthy smokers and non-smokers. 
The response to oral glucose of insulin, C-peptide, 
ACTH,  cortisol, 17-hydroxyprogesterone (17-OHP), de- 
hydroepiandrosterone (DHEA) ,  and androstenedione, 

and the response of adrenocortical steroids to dexameth- 
asone (DXM) and A C T H  were compared between the 
groups. 

Subjects and methods 

Subjects 

This study is part of a research proj ect, which addressed the hypothe- 
tical associations between the psychological and behavioural charac- 
teristics, life-style factors, neuroendocrine responses, and the insulin 
resistance syndrome. Non-physician acquaintances in various com- 
panies, trade unions, and sports societies recruited their collegues to 
volunteer for this project. Potential participants were allowed to 
read a lay version of the research plan, which described the methods 
and the purpose of the study. The plan included the information that 
smoking may alter the lipoprotein and hormone patterns. Al- 
together 101 men agreed to participate. The study protocol was ap- 
proved by the local ethics committee. 

Of the 101 men, 25 had hypertension, 1 diabetes, 4 coronary 
heart disease, and 5 reported ethanol use of more than 400 g/week. 
The remaining 66 healthy subjects included 26 smokers, of whom 23 
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Table 1. Characteristics of the study groups 

Variable Non-smokers Smokers 

Mean (SD) Mean (SD) 
Range Range 

p value 

Age (years) 44.4 (5.1) 43.7 (5.7) 0.659 
34-53 30-52 

Height (cm) 180 (5.4) 180.5 (5.9) 0.671 
170-190 171-197 

Weight (kg) 80.9 (10.5) 81.9 (12.7) 0.787 
67-105 66-113 

Body mass index 25.0 (2.4) 25.0 (2.8) 0.947 
(kg/m 2) 22.0-30.1 20.2-30.2 

Waist circumference (cm) 88.5 (7.0) 91.3 (9.9) 0.299 
75-103 71-112 

Hip circumference (cm) 96.3 (5.6) 97.5 (5.4) 0.465 
86-110 88-107 

Waist-to-hip ratio 0.92 (0.05) 0.93 (0.06) 0.415 
0.81-1.04 0.78-1.08 

Systolic blood pressure 121 (9) 121 (10) 0.879 
(mmHg) 94 134 104-138 

Diastolic blood pressure 77 (8) 77 (7) 0.900 
(mm Hg) 62-88 64-88 

Alcohol (g/week) 170 (127) 168 (99) 0.937 
0-400 0~400 

Cigarettes (number/day) 0 (0) 18.8 (8.1) 0.000 
0 5-35 

Physical activity index 2.50 (0.67) 2.10 (0.44) 0.025 
1-3 1-3 

Two-tailed p values less than 0.05 are statistically significant 

had provided 12-h urine samples. For this study, 22 smokers and 22 
non-smokers, carefully matched for age, body mass index (BMI) and 
waist-to-hip circumference ratio (WHR), were selected. The selec- 
tion was based on the matching criteria stated, and on the availability 
of 12-h urine samples for the determination of oestrogen profiles 
(Hautanen and Adlercreutz, unpublished data). They were receiv- 
ing no medication and had no history or clinical evidence of liver, 
kidney, gastrointestinal, endocrine or coronary heart disease, as 
determined by clinical examination, and laboratory analyses, which 
included blood cell counts, serum chemistry profiles, urinalyses and 
electrocardiograms. 

Alcohol consumption,physical activity, and smoking were esti- 
mated by a standard questionnaire completed by personal interview. 
Physical exercise was denied, but smoking was allowed during the 
study period, because one of the original goals of the project was to in- 
vestigate the effects of chronic smoking on oestrogen metabolism. 
The exact amount smoked during the early morning hours preceding 
the OGTT and ACTH tests was not asked. Thus, we cannot distin- 
guish between the acute and chronic effects of smoking on the test re- 
sults. 

Three categories of leisure-fime exercise patterns were used: 
1) no regular physical activity, 2) light physical activity, 3) moderate 
to strenuous physical activity. The smoking group consisted of 
1 cigar smoker, 4 cigarillo smokers, i pipe smoker, and 16 cigarette 
smokers. One cigar was considered to be equivalent to 4 cigarettes, 
one cigarillo to 2 cigarettes, and one pipeful to 2.5 cigarettes. Table 1 
shows the characteristics of the subjects. 

Study protocol 

Studies were carried out on three consecutive days at the Helsinki 
University Central Hospital. On day 1, at 07.30 hours blood samples 
were drawn to determine blood cell counts and serum chemistry 
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profiles including cholesterol, TG and HDLC followed by recording 
of electrocardiograms. Starting at 18.00 hours, 12-h urine was col- 
lected (subject number 16 being the first with urine sample in this 
series). On day 2, at 07.30 hours, an OGTT was carried out. An in- 
dwelling cannula was inserted into an antecubital vein, after 30 rain 
a standard 75-g glucose dose was given. Blood samples were drawn 
through the cannula at 0, 60 and 120 rain after the glucose dose for 
the determination of insulin, C-peptide, glucose, ACTH, cortisol, 
17-OHR DHEA, and androstenedione. 

On day2, each subject received 1 mg of DXM orally at 
23.00 hours, On day 3 at 07.30 hours, an indwelling catheter was in- 
serted into an antecubital vein, after 30 rain 10 gg/m 2 of ACTH was 
injected intravenously. Blood was sampled - 30, 0, 30 and 60 rain 
after the administration of ACTH for the determination of serum 
cortisol, 17-OHR DHEA, and androstenedione concentrations. All 
blood samples were collected after a 12-h fast. 

Procedures 

The smallest girth between the rib cage and iliac crest and the largest 
girth between the waist and thigh were defined as the waist and hip 
circumferences, respectively. BMI was calcuiated as weight (kg) 
divided by height (m) squared. 

Systolic and diastolic blood pressures were measured by a stand- 
ard sphygmomanometer on days 2 and 3 before the glucose toler- 
ance and ACTH tests. The subjects had been in the supine position 
for at least 15 min. Three readings to the nearest even digit were re- 
corded, and the mean of the second and third readings was defined 
as the blood pressure. If the blood pressure exceeded the limits 
defined previously [18] on both days the subject was considered to 
have hypertension and excluded from this analysis. 

Analytical procedures 

Total cholesterol was measured by the CHOD-PAP and TG by the 
GPO-PAP method (Boehringer Mannheim GmbH, Mannheim, 
Germany) [19, 20]. HDLC was determined after precipitation of 
very low density lipoproteins (VLDL) and LDL with dextran sul- 
phate-magnesium chloride [21]. 

Commercial RIA kits were used for the determination of corti- 
sol (Farmos Diagnostica, Oulu, Finland), insulin, (Pharmacia, Upp- 
sala, Sweden), and C-peptide (Byk-Sangtec Diagnostica GmbH, 
Dietzenbach, Germany). Intact ACTH was determined by proce- 
dure A of the double-antibody RIA (Incstar Corp., Stillwater, 
Minn., USA). 

Androstenedione, DHEA and 17-OHP were determined by 
RIA essentially as described [22, 23]. Antisera for DHEA and 17- 
OHP were purchased from Radioassay Systems Laboratories (Car- 
son, Calif., USA) and for androstenedione from Steranti Research 
Ltd. Co. (St. Albans, Herts., UK). For the measurement of DHEA, 
25 gl of serum was diluted with 175 ~tl buffer, extracted once with 
2 ml of petroleum ether (b.p. 40-60~ and determined by RIA 
using a final dilution of antiserum of 1:45000. Dehydro[1,2,6,7-3H] 
epiandrosterone (Amersham, Bucks., UK, code TRK 511) was used 
as label. For the determination of 17-OHR 50 gl of serum was 
diluted with 150 gl of buffer, and extracted once with 1.5 ml of a 1:2 
mixture of diethylether-petroleum ether. The final dilution of the 
antiserum in this case was 1:30000 and the label used was 17-hy- 
droxy[1,2,6,7,-3H]progesterone (Amersham, code TRK 611). 

Means of duplicate determinations were used in all calculations. 
High- and low- value quality control samples were included in each 
assay. Samples were re-run, if duplicate values differed more than 
10% from their calculated mean. The within-assay and between 
assay imprecision (CV) of the RIA methods were as follows: cortisol 
6.4 and 7.0%, 17-OHP 6.1 and 9.2%, DHEA 3.0 and 5.8%, andro- 
stenedione 4.8 and 6.1%, insulin 5.1 and 7.5 %, C-peptide 4.1 and 
9.5 %, respectively. For ACTH CVs varied from 3.4 and 23.1% (low 
control values) to 4.2 and 7.1% (high control values). 
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Table 2. Cortisol, ACTH, insulin, glucose, and C-peptide responses 
during oral glucose tolerance test in non-smokers and smokers 
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Table 3. Basal levels of adrenal steroids and responses to dexa- 
methasone (DXM) suppression and ACTH stimulation in non- 
smokers and smokers 

Variable Non-smokers Smokers 
Variable Non-smokers Smokers 

Mean (SD) Mean (SD) p value 
Mean (SD) Mean(SD) pvalue 

Cortisol (nrnol/l) 
Basal 362 (74) 419 (87) 0.023 Cortisol (nrnol/l) 
2-h 325 (93) 285 (89) 0 . 1 5 1  AfterDXMtime0 34 (15) 45 (44) 0.296 
Sum 999 (194) 10'27 (187) 0.626 After A C r H  time +30 492 (95) 541 (91) 0.068 

time +60 619 (108) 673 (103) 0.071 
ACTH (rig~l) Net response 1069 (184) 1169 (164) 0.063 

Basal 13.2 (4.0) 15.5 (6.9) 0.170 
2-h 13.1 (3.9) 12.7 (3.6) 0.718 Androstenedione (nmol/l) 
Sum 40.5 (12.6) 42.8(13.8) 0.572 Basal 4.3 (0.8) 4.5 (0.7) 0.378 

AfterDXMtime0 4.8 (0.7) 4.9 (0.7) 0.595 
Insulin(mU/l) After ACTH time +30 5.9 (1.4) 6.8 (1.5) 0.032 

Fasting 5.4 (2.9) 9.5(8.3) 0.036 time +60 6.0 (1.2) 7.3 (1.3) 0.001 
2-h 27.0 (17.4) 54.1(38.1) 0.004 Net response 7.1 (2.3) 9.3 (2.3) 0.003 
Sum 71.5 (31.7) 137.3 (85.2) 0.002 Dehydroepiandrosterone 

Glucose (rnrnol/l) (nmol/l) 
Fasting 3.28 (0.34) 3.23 (0.36) 0.670 Basal 11.5 (3.9) 12.8 (4.4) 0.292 
2-h 3.66 (0.95) 3.94 (0.85) 0.305 After DXMtime 0 4.8 (2.7) 5.4 (2.8) 0.491 
Sum 11.54 (2.24) 12.9 (1.85) 0.033 After ACTH time +30 22.1 (13.8) 26.6 (12.4) 0.257 

time +60 27.6 (14.0) 39.5 (15.9) 0.012 
C-peptide (nmol/1) Net response 44.9 (25.6) 60.7 (25.7) 0.046 

Fasting 0.56 (0.20) 0.79 (0.37) 0.012 
2-h 1.98 (0.79) 2.98 (1.08) 0 . 0 0 1  17-hydroxyprogesterone 
Sum 4.72 (1.47) 6.79 (2.07) 0.000 (nmol/l) 

Basal 6.8 (2.5) 7.5 (2.9) 0.390 
After DXMtime0 4.8 (2.2) 4.8 (2.2) 0.978 
After ACTH time +30 14.4 (3.3) 17.0 (3.1) 0.011 

Statistical analysis time + 60 16.2 (2.9) 18.5 (3.5) 0.022 
Net response 25.8 (5.4) 30.7 (6.3) 0.008 

Differences between the groups were tested by the Student's t-test. 
Pearson correlation coefficients were computed, and multiple linear 
regression analyses carried out with the Systat statistical program 
package. Logarithmic transformations for TG, insulin, and the corti- 
sol response to DXM were used to normalize the distributions. 

Resul ts  

As shown in Table 1, non-smokers  and smokers  were 
closely ma tched  for age, B M I  and W H R .  Non-smokers  
were physically more  active than smokers.  Systolic and 
diastolic b lood  pressures did not  differ be tween  the 
groups. 

Non-smoker s  had higher  H D L C  (1 .30+0.32 vs 
1.09 + 0.25 mmol/1; p = 0.019) and lower T G  (0.97 + 0.38 
vs 1.64 + 0.79 mmol/1;p = 0.001) concentra t ions  than smo- 
kers, but  no  significant difference was found  in cholesterol  
levels (5.15 + 0.92 vs 5.47 + 1.02 mmol/1;p = 0.277). 

Cortisol,  A C T H ,  insulin, glucose, and C-pept ide re- 
sponses during the O G T T  are presented  in Table 2. Smo- 
kers had higher basal cortisol than non-smokers ,  but  simi- 
lar cortisol and A C T H  response to oral  glucose. Fasting 
insulin and C-pept ide  concentra t ions  and their response 
to oral glucose were  significantly higher in smokers  com- 
pared with non-smokers .  Smokers  had a higher  1-h glu- 
cose response (p < 0.012, not  shown) and a higher total 
glucose response than non-smokers .  All  subjects had nor-  
mal glucose tolerance.  Some subjects had modera te  in- 
sulin resistance based on high fasting insulin and C-pep-  
tide concentra t ions  and high response to oral  glucose. 

N o  differences were  seen in the levels of  17-OHR 
D H E A  and andros tenedione  during the OGTT.  The  

Table 4. Pearson's correlations between the ACTH-stimulated ste- 
roid responses at 60 rain and the metabolic variables 

C-peptide Insulin Trigly- Chole-HDL- 
cerides sterol chole- 

sterol 

Cortisol 0.334 a 0.317 a 0.363 a -0.076 -0.201 

Dehydroepiandro- 
sterone 0.400 b 0.391 b 0.347 a 0.314 a -0.133 

Androstenedione 0.210 0.213 0.202 - 0.048 - 0.091 

17-hydroxy- 
progesterone 0.326 a 0.287 0.352 a 0.005 0.161 

ap < 0.05,bp <0.01 

mean  of  three measured  values (basal level) is shown in 
Table 3. DXM-suppressed  cortisol, 17-OHR D H E A ,  and 
andros tenedione  were similar in bo th  groups. In  contrast  
to this, the 17-OHR D H E A ,  and andros tenedione  re- 
sponse to A C T H  stimulation was higher in smokers  than 
non-smokers ,  while the increase in the cortisol response 
was of  marginal  significance. 

The data  were  poo led  for  the correlat ion and multiple 
regression analyses to increase the statistical power. As  
shown in Table 4, the cortisol response to A C T H  stimula- 
t ion at 60 min was positively correla ted with fasting C- 
peptide,  insulin and T G  concentrat ions.  The  D H E A  re- 
sponse to A C T H  was also positively associated with C- 
peptide,  insulin, T G  and cholesterol  concentrat ions,  while 
the 17-OHP response correla ted positively with C-pep- 
tide and TG.  No  significant correlat ions were  found be- 
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Fig.IA-D. Dehydroepiandrosterone (DHEA) re- 
sponse to ACTH stimulation at 60 min vs fasting in- 
sulin (A), C peptide (B), triglycerides (C), and cho- 
lesterol (D) 

Table 5. Multiple regression models for the prediction of fasting in- 
sulin levels in the study group (n = 44) a 

Model Independent Standardized pvalue Model 
variable(s) coefficient (two-tailed) R z b 

of regression 

1 Cortisol + 606 0.341 0.023 0.116 

2 DHEA + 60 d 0.372 0.013 0.139 

3 Cortisol + 60 0.388 0.006 0.287 
DHEA + 60 0.416 0.003 

4 Cortisol + 60 0.285 0.026 0.440 
DHEA + 60 0.327 0.011 
WHR 0.412 0.002 

5 Cortisol + 60 0.219 0.085 0.489 
DHEA + 60 0.233 0.077 
WHR 0.339 0.011 
Triglycerides 0.265 0.062 

6 Cortisol + 60 0.229 0.052 0.541 
DHEA + 60 0.286 0.015 
WHR 0.337 0.006 
HDL-Chole- 
sterol - 0.337 0.006 

DHEA, Dehydroepiandrosterone; WHR, waist-to-hip ratio. 
Independent variables in the regression models have been used 

either alone or in groups as shown to predict the insulin levels. 
b R 2 (the square of the multiple regression coefficient) gives the pro- 
portion of the total variation in risk factor levels that is explained by 
the variables in the model. 
~ ACTH-stimulated cortisol response at 60 min. 
e ACTH-stimulated DHEA response at 60 min 

tween the andros tenedione  response to A C T H  and the 
metabol ic  variables stated. The  relationships be tween  the 
D H E A  response and insulin, C-peptide,  TG,  and choles- 
terol are also illustrated in Figure 1. In  addition, physical 
activity was correlated with H D L C  (r = 0.390; p = 0.009) 
and T G  (r = - 0.386;p = 0.01). 

Multiple linear regression analyses were used to 
examine the contr ibut ion of  the ACTH-s t imu la t ed  corti- 
sol and D H E A  responses to the variat ion in fasting insulin 
levels (Table 5). Bo th  the above responses were inde- 
penden t  predictors  of insulin explaining together  28.7 % 
of the insulin variation. The  explanatory power  increased, 
when  W H R  alone (Model  R 2 -- 0.440) or in combina t ion  
with ei ther  T G  (Model  R2=  0.489) or H D L C  (Model  
R2=  0.541) were incorpora ted  into the models,  but  the 
D H E A  response to A C T H  remained  a significant and in- 
dependent  predic tor  of  insulin levels. Ana logous  results 
were obta ined when insulin was substi tuted by fasting C- 
pept ide as the dependent  variable in the models.  Addi t ion  
of  ei ther  physical activity or smoking or  bo th  to these 
models  did not  change the result (data not  shown). 

W h e n  T G  was used as the dependen t  variable in the 
multiple regression analysis, the D H E A  response to 
A C T H  explained 14.5 %, and the combina t ion  of  the cor- 
tisol and D H E A  responses 24.3 % of the variat ion in the 
T G  levels (Table 6). The significance of  the cortisol re- 
sponse decreased,  while that  of the D H E A  response re- 
mained,  when W H R  and H D L C  were entered into the 
models.  The  combined  D H E A  response and H D L C  ex- 
plained 31.6 % of the variat ion in the T G  levels. The  addi- 
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tion of physical activity to these models did not change the 
significant association between D H E A  response and TG. 
In contrast, when adjusted for smoking, the D H E A  re- 
sponse lost its statistical significance as the predictor of 
T G  levels. 

Finally, regression analyses were used to predict the 
smoking status of the study subjects to exclude the poten- 
tial bias resulting f rom the tendency for smokers to have 
higher WHR,  but lower weight [17]. As shown in Table 7, 
the D H E A  response to A C T H  remained the only signifi- 
cant predictor of smoking, when adjusted for either BMI 
or WHR,  fasting insulin, HDLC,  and physical activity. 
When H D L C  was substituted by T G  in these models, the 
smoking status was predicted significantly (p = 0.033) by 
T G  in model 1, and almost significantly (p = 0.071) in 
model 2, but not by the other variables. 

Discussion 

The study participants had been informed that smoking 
may alter the l ipoprotein and hormone  patterns. They 
were allowed to continue their usual smoking habits, be- 
cause one of the original goals of this project was to inves- 
tigate the effects of chronic smoking on urinary oestro- 
gens. General  smoking history was asked during the 
OGTT,  but not the exact amount  of tobacco smoked dur- 
ing the preceding hours. Thus, the lack of control of acute 
smoking prior to the tests might be one shortcoming of 
this report.  Nevertheless, if a subject classified as smoker  
came to the tests without antecedent  smoking, it is likely 
that the probabili ty to detect hormonal  differences be- 
tween the two groups is decreased, not increased. 

Smoking acutely increases the secretion of major  glu- 
cose counterregulatory hormones:  cortisol, as shown here, 
and growth hormone,  epinephrine, and norepinephrine,  
as shown by others [10-13]. Consequently, increased C- 
peptide secretion, hyperinsulinaemia, and subtle glucose 
intolerance might have resulted at least partly from the 
acute effects of smoking. Thus, with respect to glucose and 
insulin metabolism, this study might well reflect the cir- 
cumstances in the daily life of smokers. Our results corro- 
borate recent findings which showed that smoking is asso- 
ciated with insulin resistance [2]. They contrast, however, 
to some extent with another  study [24], in which study sub- 
jects had abstained from smoking before the examina- 
tions. Even in the latter study, impaired elimination of 
glucose in smokers was found. 

Our  data suggest that the production of adrenal andro- 
gens is increased in smokers probably because of a subtle 
enzyme blockade in the biosynthesis of cortisol. The adre- 
nal 3fl-hydroxysteroid dehydrogenase (3 f l -HSD) , ' l l f l -  
and 21-hydroxylases are the key enzyme systems involved 
in cortisol biosynthesis. Inhibition of these enzymes leads 
to increased steroid production proximal to the enzyme 
blockade. Excess secretion of D H E A  results f rom a defi- 
ciency of 3fl-HSD, while 21- and 11/Lhydroxylase defi- 
ciencies lead to an increased secretion of androstenedione 
[25]. The increased response to A C T H  stimulation of 
D H E A  and androstenedione relative ~o cortisol may thus 
be explained by a decreased 21- or l l f l -hydroxylase  activ- 

[279 

Table 6. Multiple regression models for the prediction of the trigly- 
ceride levels in the study group (n = 44) a 

Model Independent Standardized p value Model 
variable(s) coefficient (two- R 2 b 

of regression tailed) 

1 Cortisol + 60 c 0.269 0.078 0.072 
2 DHEA + 60 d 0.380 0.011 0.145 

3 Cortisol + 60 0.315 0.026 0.243 
DHEA + 60 0.415 0.004 

4 Corfisol + 60 0.247 0.078 0.310 
DHEA + 60 0.357 0.012 
WHR 0.273 0.055 

5 Cortisol + 60 0.194 0.145 0.403 
DHEA + 60 0.318 0.018 
WHR 0.202 0.139 
HDL-cholesterol - 0.323 0.018 

6 DHEA + 60 0.320 0.019 0.316 
HDL-chotesterol - 0.418 0.003 

7 DHEA + 60 0.270 0.039 0.403 
WHR 0.231 0.086 
HDL-cholesterol - 0.282 0.049 
Physical activity - 0.201 0.145 

8 DHEA + 60 0.196 0.150 0.421 
WHR 0.249 0.060 
HDL-cholesterol - 0.274 0.049 
Smoking 0.262 0.067 

DHEA, Dehydroepiandrosterone; WHR, waist-to-hip ratio. 
a Independent variables in the regression models have been used 
either alone or in groups as shown to predict the insulin levels. 
b R 2 (the square of the multiple regression coefficient) gives the pro- 
portion of the total variation in risk factor levels that is explained by 
the variables in the model. 
ACTH-stimulated cortisol response at 60 min. 

d ACTH-stimulated DHEA response at 60 min 

Table 7. Multiple regression models for the prediction of the smok- 
ing status (yes/no) in the study group (n = 44)" 

Model Independent Standardized pvalue ModelR2b 
variable(s) coefficient (two- 

of regression tailed) 
1 Body mass index - 0.185 0.332 0.295 

DHEA + 6@ 0.320 0.036 
Fasting insulin 0.116 0.611 
HDL-cholesterol - 0.212 0.213 
Physical activity - 0.193 0.221 

2 WHR - 0.034 0.834 0.278 
DHEA + 60 0.324 0.036 
Fasting insulin - 0.010 0.961 
HDL-cholesterol - 0.230 0.179 
Physical activity - 0.231 0.137 

DHEA, Dehydroepiandrosterone; WHR, waist-to-hip ratio. 
Independent variables in the regression models have been used 

either alone or in groups as shown to predict the insulin levels. 
b R 2 (the square of the multiple regression coefficient) gives the pro~ 
portion of the total variation in risk factor levels that is explained by 
the variables in the model. 
c ACTH-stimulated DHEA response at 60 min 

ity. These data agree with previous in vitro studies show- 
ing that nicotine, and its major  metaboli te,  cotinine can im 
hibit the activities of 21- and 11fl-hydroxylases [5, 26]. 
Since 11~-hydroxylase deficiency is usually associated 
with hypertension [27], and since the blood pressures were 
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similar in both groups, inhibition of 11fl-hydroxylase by 
smoking is a less likely mechanism. 

An at tempt  to exclude potential  confounding by 
matching the subjects for age, BMI, and W H R  -var iab les  
known to be positively associated with insulin resistance - 
might have introduced a difficult to control for bias, be- 
cause smokers tend to have higher W H R  and lower 
weight than non-smokers.  The two groups also had signifi- 
cant differences in their exercise habits, which might fur- 
ther contribute to the observed metabolic differences. As 
expected, the physical activity correlated positively with 
H D L C  and negatively with TG. Yet multiple regression 
analyses suggested that the D H E A  response to A C T H  
stimulation was more important  determinant  of fasting in- 
sulin and T G  levels than was the physical activity, even 
when adjusted for WHR.  It was also a significant predictor 
of the smoking status independent  of BMI  or WHR,  fast- 
ing insulin, HDLC,  and physical activity. In contrast, after 
adjustment for smoking the correlation between the 
D H E A  response and T G  levels became statistically insig- 
nificant. Taken together, these findings suggest that the 
observed differences in fasting insulin, T G  and H D L C  
levels between these groups are independent  of W H R  and 
physical activity at least partly attributable to the smok- 
ing-induced adrenal hyperandrogenism. 

The relationship between insulin, D H E A ,  D H E A S ,  
and androstenedione has been a subject of several recent, 
but partly conflicting studies. Depending on the dose and 
perhaps on the gender, D H E A  may enhance insulin sensi- 
tivity [28], have no effect [29], reduce insulin sensitivity, or 
induce insulin resistance [30]. Supraphysiological concen- 
trations of insulin induced by clamp studies inhibit adre- 
nal 17,20-1yase activity resulting in a decreased D H E A  
and androstenedione response to A C T H  [31]. On the 
other hand, the production rate of D H E A  correlates posi- 
tively with insulin levels in normal  and obese women [32]. 
Our observations might be most compatible with the 
possibility that an exaggerated adrenal androgen re- 
sponse to A C T H  and an increased secretion of D H E A  
and androstenedione together with a slightly increased 
cortisol secretion contribute to the insulin resistance and 
increased insulin secretion in smokers. 

The mechanisms by which smoking affects the H D L C -  
TG balance are relatively unexplored. It  is certainly 
possible that enhanced lipolysis via sympatho-adrenal  
stimulation [33], and insulin resistance may contrJb~,te to 
the dyslipidaemia. Nevertheless, our present and previous 
data suggest, that adrenal androgens may also be in- 
volved, possibly through a modulation of the hepatic li- 
pase activity. We, as well as others [6-9], have shown that 
smoking is associated with elevated basal D H E A S  and 
androstenedione concentrations, but we found no dif- 
ferences in serum testosterone or oestrogen levels [34]. 
Sex-steroids can modulate  H D L C  metabol ism by at least 
two mechanisms [35]. Apolipoprotein AI  synthesis and 
H D L C  concentrations are increased by oestrogens and 
decreased by androgens. Furthermore,  hepatic lipase- 
mediated degradation of H D L C  is decreased by oestro- 
gens and increased by androgens. As far as we know, the 
significance of adrenal androgens in those processes has 
not been examined. 

A. Hautanen, H. Adlercreutz: Insulin and adrenal steroids in smokers 

In summary, A C T H  stimulation tests confirm that 
smoking is associated with a mild steroidogenic block, 
which results in increased adrenal androgen production. It 
appears that adrenal steroids may contribute to the insulin 
resistance and dyslipidaemia in smokers. 
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