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We have inves t iga ted  the role  of  s te ro id  h o r m o n e s  as c o r o n a r y  risk fac tors  in the Helsinki  H e a r t  
S tudy  popu la t i on  o f  dys l ip idemic  m i d d l e - a g e d  men.  We c o m p a r e  here  the effects of  gemf ibroz i l  and  
p lacebo on the  s e r u m  levels of  d e h y d r o e p i a n d r o s t e r o n e  (DHEA),  its sulfate  (DHEAS),  the i r  
m e t a b o l i t e  and ros t aned io l  g lucuron ide  (3~-AdiolG), andros tened ione ,  cort isol ,  t es tos te rone ,  and  
s e x - h o r m o n e  b inding  globul in  (SHBG)  in non- smoker s .  We also e x a m i n e d  the associat ions be tween  
s te ro id  and  l ipopro te in  levels in bo th  t r e a t m e n t  groups.  C o m p a r e d  with p lacebo gemf ibroz i l  
t r e a t m e n t  was associa ted with significant  e levat ions of  the m e a n  levels of  DHEA 10.2 vs 8.0 nmol / l ;  
P <0.005, of  D H E A S  8.0 vs 5.8#mol/1;  P <0.001, of  3~AdiolG 18.3 vs 8 .4nmol / l ;  P <0.001, of  
a n d r o s t e n e d i o n e  5.7 vs 5.1 nmol/1; P < 0.02, and of  cor t isol  426 vs 358 nmol/1; P < 0.001. The m e a n  
S H B G  levels dec reased  f r o m  46.4 to 41.7 nmol/1; P = 0.03 with gemf ibroz i l  t r e a t m e n t .  No di f ference 
was found  in t e s tos t e rone  levels 17.7 vs 18.8 nmol/1; P = 0.11, or  the ra t io  of  t e s t o s t e r o n e / S H B G  0.45 
vs 0.43; P = 0.23. Posi t ive  co r re l a t ions  were  found  be tween  high densi ty  l i popro te in -cho les t e ro l  and 
D H E A S  (r  = 0.267; P < 0.01) and  DHEA (r = 0.282; P < 0.01) levels and  negat ive  co r re l a t ions  be tween  
low dens i ty  l i popro te in -cho le s t e ro l  and  3~-AdiolG (r = --0.400; P < 0.001) and cort isol  (r = --0.281; 
P < 0.01) levels in the  gemf ibroz i l  group.  Our  resul ts  indica te  tha t  gemf ibroz i l  t r e a t m e n t  increases  
the p r o d u c t i o n  and  t u r n o v e r  of  ad rena l  androgens  and cort isol ,  and suggest  tha t  ac t iva t ion  of  the 
a d r e n o c o r t i c a l  func t ion  and  inc reased  m e t a b o l i s m  of  androgens  a re  r e l a t ed  to the i m p r o v e d  
l i popro te in  p a t t e r n  dur ing  gemf ibroz i l  t r e a t m e n t .  
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INTRODUCTION 

Gemfibrozil, a fibric acid derivative, decreases plasma 
low density lipoprotein (LDL)-cholesterol and triglyc- 
eride (TG) and increases high density lipoprotein 
(HDL)-cholesterol concentrations [1]. Its precise mode 
of action on lipoprotein metabolism is unknown, 
although enhanced activity of lipoprotein and hepatic 
lipases as well as a decrease in hepatic T G  synthesis 
might be of importance [2, 3]. Gemfibrozil reduced the 
incidence of coronary heart disease (CHD) in middle- 
aged, dyslipidemic men in the Helsinki Heart Study 
(HHS) [4]. The present data originates from a nested 

*Correspondence to A. Hautanen. 
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case-control study on the roles of adrenal cortical 
steroids, testosterone, and sex-hormone binding 
globulin (SHBG) as potential risk factors for CHD in 
the HHS population [5]. We have reported in a pre- 
liminary communication that gemfibrozil may increase 
the production and turnover of adrenal androgens [6]. 
In this paper we extend the analyses to the effect of 
gemfibrozil on cortisol, testosterone and SHBG and 
examine the associations between gemfibrozil induced 
lipid changes and hormone levels. 

SUBJECTS AND METHODS 

The study participants were dyslipidemic (non- 
HDL-cholesterol >/5.2 mmol/1) middle-aged men, free 
of CHD at the beginning of the 5 year study. Fatal and 
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non-fatal myocardial  infarction as well as cardiac death 
were the principal endpoints.  For the study of adrenal 
cortical hormones as C H D  risk factors a nested case- 
control design was used [5]. Cases consisted of subjects 
with a cardiac end-point  during the last 4 years of the 
H H S .  For each case two controls were chosen from 
participants without coronary events. Because smoking 
elevated the levels of  all hormones measured [7], this 
paper  deals with the effect of gemfibrozil on the non- 
smoking participants (90 treated with gemfibrozil and 
105 with placebo). 

Serum samples drawn after an overnight fast at the 
first annual follow-up visit, e.g. 1 year after initiation 
of the placebo or gemfibrozil t reatment,  were used to 
determine the basal serum levels of steroids. 
Commercial  radioimmunoassay (RIA) kits were used 
for the determination of cortisol, testosterone, (Farmos 
Diagnostica, Oulu, Finland), dehydroepiandrosterone-  
sulfate (DHEAS;  Wien Labs,  Inc., Succasunna, NJ,  
U.S.A.),  and 5e-androstane-3:¢, 17//-diol glucuronide 
(androstanediol glucuronide, 3:¢-AdiolG; Diagnostic 
Systems Labs,  Inc., Webster ,  T X ,  U.S.A.). An- 
drostenedione and dehydroepiandrosterone (DHEA)  
were determined by R I A  as described previously [7]. 
Antisera for androstenedione and D H E A  were from 
Steranti Research L td  Co. (St Albans, England) and 
from Radioassay Systems Labs (Carson, CA, U.S.A.),  
respectively. S H B G  was determined by the D E L F I A  
kit f rom Farmos. The  mean S H B G  levels of the control 
samples were 26.4°:0 higher by this method as com- 
pared with the immunoradiometr ic  assay ( IRMA)  we 
have used previously [8]. Means of duplicate determi- 
nations were used in all calculations. Low-  and high- 
value quality controls in duplicate were included in 
each assay. Samples were re-run, if duplicate values 
differed more than 10°o f rom their calculated mean. 
The  intra- and interassay coefficients of  variation (CV) 
were 6.4 and 7.0°0 for cortisol, 6.2 and 7.5°0 for 
D H E A S ,  6.3 and 7.7°'0 for D H E A ,  5.7 and 9.2°0 for 
androstenedione, 4.4 and 8.5°0 for testosterone, and 
2.9 and 8.90o for SHBG,  respectively. The  intra-assay 
CV of the 3~-AdiolG assay varied between 8.9 and 
13.6°o (concentration range 1.1-21.8 nmol/1) and the 
interassay CV between 6.0 and 13.7°o (range 
1.1-24.7 nmol/1). 

T h e  differences between groups in continuous 
variables were estimated using either the t- test  or 
analysis of variance, while the chi-square test was 
applied for class variables. 

R E S U L T S  

Descriptive baseline statistics of the 195 study 
participants is given in Table  1. There  were no 
s ignifcant  differences in the baseline levels of any lipids 
between the gemfibrozil and placebo treated groups. 
Gemfibrozil  t reatment  reduced serum total cholesterol 
from 7 .62+0 .91  to 6 .42+1 .14mmol /1 ;  P < 0 . 0 0 1 ,  

Table 1. Baseline statistics of the 195 non-smoking study 
participants, means (SD) and percentages 

Placebo Gemfibrozil 
Variable (n = 105) (n = 90) P value 

Age (years) 48.5 (4.5) 47.9 (4.6) 0.18 
Body mass (weight/height 2) 26.8 (3.9) 26 6 (2.4) 0 35 
Systolic BP (mmHg)  143.4 (19.0) 146.7 (16.7) 0.10 
Diastolic BP (mmHg)  92.6 (10.8) 94.2 (9 0) 0.13 
Cholesterol (mmol/1) 7.62 (0.76) 7.62 (0.91) 0.49 
HDL-choles te ro l  (mmol/1) 1.239 (0.289) 1.253 (0.305) 0.36 
Triglycerides (mmol/l)  2.36 (1.69) 2.28 (2.09) 0.39* 
Alcohol consumpt ion  463 (617) 400 (442) 0.21" 
(cl absolute alcohol/year) n = 99 n - 84 
Physically active 47.6% 48.9% 0.57 

*After logarithmic t ransformation 

LDL-choles te ro l  from 5.39 + 0.90 to 4.55 + 
1.12mmol/1; P < 0.005, and triglycerides from 
2.28 + 2.09 to 1.08 + 0.64 mmol/1; P < 0.001. H D L -  
cholesterol increased with gemfibrozil f rom 
1.253 + 0.305 to 1.386 + 0.341 mmol/1; P < 0.001. 

Gemfibrozil  t reatment in this non-smoking 
population was associated with significantly higher 
levels of  D H E A S ,  D H E A ,  androstenedione, 3~- 
AdiolG, and cortisol when compared with placebo. No 
difference was found in testosterone levels, while the 
S H B G  levels were significantly lower (Table 2). 

T h e  relationship between gemfibrozil induced lipid 
changes and hormones was studied by comparing the 
mean hormone levels in the lipid response categories. 
The  responses were calculated as differences between 
the baseline and 1-year determinations. A direct 
comparison was possible, because the baseline lipid 
levels in the response categories were not significantly 
different. D H E A S  in subjects with no gemfibrozil 
induced HDL- inc rease  was not different from the 
placebo, while the level was markedly elevated in the 
medium HDL- re sponse  category of 0.01-0.20 mmol/1. 
However,  a response of ~>0.21mmol/1 was not 
associated with any further  increment in D H E A S  
(Table 3). HDL- re sponse  was positively associated with 

Table 2. Mean (SD) values for steroid determinations in the 
gemfibrozil and placebo groups in the H H S  population 

Placebo Gemfibrozil  
Steroid (n = 105) <n = 90) P value 

D H E A S  (/~mol/1) 5.8 (2.8) 8.0 (5.0) <0.001 
D H E A  (nmol/1) 8.0 (4.2) 10.2 (7.3) 0.005 
3~-AdiolG (nmol/l) 8.4 (3 1) 18.3 (8.2) <0.001 
Androstenedione (nmol/1) 5.1 (1.3) 5.7 (2.1) 0.015 
Cortisol (nmol/l) 358 (110) 426 (140) <0.001 
Testos terone (nmol/l) 18.8 (6.4) 17.7 (5.4) 0.11 
SHBG (nmol/1) 46.4 (18.7) 41.7 (14.6) 0.03 
Tes tos t e rone /SHBG ratio 0.43 (0.12) 0.45 (0.14) 0.23 
DHEA/andros tenedlone  ratio 1.55 (0.63) 1.67 (0.84) 0 13 
Androstenedione/cort isol  

ratio ( x 1000) 15.3 (5.2) 14.0 (4.3) 0.042 

DHEA(S) ,  dehydroepiandrosterone (sulfate); 3~-AdxolG, an- 
drostanedlol glucuronide; SHBG,  sex hormone-b ind ing  globulin. 
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Table 3. Association between gemfibrozil induced HDL-cholesterol changes and the levels 
of selected hormones in non-smoking study participants, means (SD) 

HDL-increase with gemfibrozil 
(mmol/l) 

Placebo <0.00 0.01-0.20 >0.21 
Hormone (n = 105) (n = 21) (n = 37) (n = 31) P value* 

DHEAS (#mol/1) 5.8 (2.8) 6.2 (3.3) 8.7 (6.2) 8.6 (4.3) 0.16 
DHEA (nmol/1) 8.0 (4.2) 9.7 (6.9) 11.5 (8.7) 9.1 (5.5) 0.34 
Androstenedione (nmol/l) 5.1 (1.3) 5.6 (1.8) 5.9 (2.6) 5.5 (1.6) 0.77 
3a-AdiolG (nmol/1) 8.4 (3.1) 16.1 (7.0) 18.5 (9.6) 19.7 (7.0) 0.30 
Cortisol (nmol/l) 358 (111) 440 (134) 438 (160) 405 (123) 0.56 

*ANOVA between hormone levels in gemfibrozil induced lipid response categories. 
For abbreviations see Table 2. 

3c~-AdiolG, ye t  even in the  lowest  response  ca tegory  
the  h o r m o n e  level was 2- fo ld  c o m p a r e d  to p lacebo .  
T h e r e  was a pos i t ive  d o s e - r e s p o n s e  associa t ion  wi th  
L D L - d e c r e a s e  and  se rum 3 ~ - A d i o l G  and  cor t i sol  in-  
crease,  bu t  the  d i f ferences  were  not  s ta t i s t ica l ly  signifi-  
cant  ( T a b l e  4). 

P e a r s o n ' s  cor re la t ions  be tween  s te ro id  concen-  
t ra t ions  and  age, b o d y  mass  index  ( B M I ) ,  and  l ipo-  
p ro t e in  f rac t ions  acco rd ing  to the  t r e a t m e n t  s ta tus  
(p lacebo  or  gemf ibroz i l )  are  g iven  in T a b l e  5. Age  was 
nega t ive ly  co r re l a t ed  wi th  D H E A S  in bo th  p lacebo  and  
gemf ibroz i l  g roups ,  wi th  D H E A  in the  fo rmer ,  and  
wi th  3 ~ - A d i o l G  in the  la t te r  g roup .  B M I  and  cor t i sol  
levels t e n d e d  to be nega t ive ly  associa ted ,  a l t hough  the 
cor re la t ions  were  not  s ta t i s t ica l ly  s ignif icant .  L D L -  
choles te ro l  was pos i t ive ly  co r re l a t ed  wi th  D H E A  and  
cor t i sol  in the  p lacebo  g roup ,  bu t  nega t ive ly  co r re l a t ed  
wi th  3 ~ - A d i o l G  and  cor t i so l  in the  gemf ibroz i l  g roup .  
H D L - c h o l e s t e r o l  was nega t ive ly  associa ted  wi th  3~-  
A d i o l G  in the  p l acebo  g roup ,  bu t  pos i t ive ly  associa ted  
wi th  D H E A S  and  D H E A  in the  gemf ibroz i l  g roup .  T G  
and  cor t i so l  were  nega t ive ly  co r re l a t ed  in t h e  p lacebo  
g roup .  H o w e v e r ,  when  the  Bonfe r ron i  co r rec t ion  for 
m u l t i p l e  t e s t ing  was taken  into  account ,  on ly  the  
nega t ive  co r re la t ion  be tween  3 ~ - A d i o l G  and L D L -  
choles te ro l  r e m a i n e d  s ignif icant  in the  ma t r i x  
( P  = 0 . 0 1 ) .  T h e  nega t ive  assoc ia t ion  be tween  3~-  
A d i o l G  and  L D L - c h o l e s t e r o l  is i l lus t ra ted  in Fig .  1. 

M u l t i p l e  l inear  regress ion  analyses  were  also used  to 
examine  the  c o n t r i b u t i o n  of  some s te ro ids  to the  
var ia t ion  o f  l i pop ro t e in  levels.  W h e n  L D L - c h o l e s t e r o l  
was used  as the  d e p e n d e n t  var iab le  in the  regress ion  
mode ls ,  3 ~ - A d i o l G  exp la ined  10.9°,o, and  the  c o m b i -  
na t ion  o f  gemf ibroz i l  t r e a tme n t ,  age, B M I ,  and  3~-  
A d i o l G  13.9°o of  the  va r ia t ion  in the  L D L - c h o l e s t e r o l  
levels o f  the  whole  s tudy  group .  ( T a b l e  6, mode l s  1-3).  
I t  shou ld  be no ted ,  tha t  gemf ibroz i l  t r e a t m e n t  was not  
a s i g n i f c a n t  p r e d i c t o r  o f  L D L - c h o l e s t e r o l  in these  
mode ls .  W h e n  only  the  gemf ibroz i l  g r o u p  was 
cons ide red ,  3 ~ - A d i o l G  and cor t i sol  exp la ined  16.0 and  
7.9°0,  respec t ive ly ,  of  the  var ia t ion  in the  L D L - c h o l e s -  
terol  levels i n d e p e n d e n t  o f  age and  B M I  ( T a b l e  6, 
mode l s  4 - 6 ) .  A l t h o u g h  un iva r i a t e  cor re la t ions  o f  cor t i -  
sol and  D H E A S  wi th  H D L - c h o l e s t e r o l  were  pos i t ive  
in the  whole  s tudy  g roup ,  gemf ibroz i l  t r e a t m e n t  and  
B M I  r e m a i n e d  the ma jo r  p r e d i c to r s  o f  the  H D L -  
choles terol  levels in mu l t i va r i a t e  analyses  (Tab l e  7). 

D I S C U S S I O N  

T h e s e  resul ts  ind ica te  tha t  s e r u m  levels o f  ad rena l  
and rogens  and  cor t i sol  are inc reased  d u r i n g  gemf ibroz i l  
t r e a tme n t ,  the  a n d r o g e n  me tabo l i t e  3 ~ - A d i o l G  levels 
more  than  2-fold.  T h i s  p h e n o m e n o n  is assoc ia ted  wi th  
a decrease  o f  S H B G  levels,  whi le  t e s tos t e rone  levels 
r ema in  unaffected.  Co inc iden t ly ,  the re  is an expec ted  

Table 4. Association between gemfibrozil induced LDL-cholesterol changes and the levels 
of selected hormones in non-smoking study participants, means (SD) 

Hormone 

LDL-decrease with gemfibrozil 
(mmol/l) 

Placebo <0.00 0.01-0.99 > 1.0 
(n = 105) (n = 22) (n = 30) (n = 25) P value* 

DHEAS (pmol/1) 5.8 (2.8) 7.7 (3.7) 8.4 (4.4) 8.3 (6.2) 0.87 
DHEA (nmol/1) 8.0 (4.2) 8.6 (6.9) 11.7 (8.1) 10.I (6.9) 0.33 
Androstenedione (nmol/1) 5.1 (1.3) 5.7 (2.4) 5.6 (1.8) 5.7 (2.2) 0.90 
3~-AdiolG (nmol/l) 8.4 (3.1) 15.6 (7.9) 19.2 (8.6) 19.6 (7.8) 0.19 
Cortisol (nmol/1) 358 (111) 392 (135) 426 (140) 442 (142) 0.36 

*ANOVA between hormone levels in gemfibrozil induced lipid response categories. 
For abbreviations see Table 2. 
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Table 5. Pearson's correlations between steroid levels and age, BMI,  and lipid fractions in the 
placebo and gemfibrozil groups in the non-smoking participants of the H H S  a 

Steroid Age BMI LDL-Chol HDL-Chol Triglycerides 

DHEAS -0.242* 0.100 -0.135 -0.030 0.181 
( - 0.369)*** (0.046) ( - 0 082) (0.267)** ( - 0.078) 

DHEA - 0.95 0.073 0.200* - 0.015 0.012 
(-0.286)** (-0.117) (-0.140) (0.282)** (-0.132) 

Androstenedione 0.132 0.118 0.108 - 0.049 0.008 
(-0.167) (-0.046) (-0.046) (0.121) (-0.080) 

3~-AdiolG - 0.333*** 0.008 - 0.122 - 0.268** 0.162 
( - 0.046) ( - 0.067) ( - 0.400)*** (0.042) (0.077) 

Cortisol - 0.165 - 0.190 0.207* 0.148 - 0.221" 
(-0.077) (-0.182) (-0.281)** (0.201) (-0.195) 

*P < 0.05, **P < 0.01, ***P < 0.001. 
*, **P = Non-significant, ***P = 0.01 after Bonferroni adjusted probabilities. 
aGemfibrozll group in parentheses. 
Steroids and triglycerides were logarithmically transformed for calculauons. 
For abbreviations see Table 2 

decrease in t r iglyceride and  LDL-cho le s t e ro l  and  an 
increase in H D L - c h o l e s t e r o l  levels [1, 3]. 

F ibra tes  be long  to a class of xenobiot ic  c o m p o u n d s  
called peroxisome proliferators [9, 10]. Recent ly  a 
novel  m e m b e r  (PPAR,  peroxisome prol i ferator-  
activated receptor)  of a ho rmone  receptor  superfamily  
was cloned,  and  found  to be activated by a group of 
xenobiot ic  c o m p o u n d s  (typified by clofibrate) [11]. T h e  
puta t ive  na tura l  l igands of P P A R  remain  to be ident -  
ified: recent  evidence suggests, however,  that  fatty 

acids may activate this receptor,  whereby  the physio-  
logical role of this receptor  migh t  be l inked to l ipid 
homeostasis  [12]. Dis t inc t  effects f rom the receptor  
act ivat ion by peroxisome proliferators are the increased 

t ranscr ip t ion  of genes of the cy tochrome P - 4 5 0  

superfamily  of d rug -me tabo l i z ing  enzymes  and  also of 
genes requi red  for the metabol i sm of long-cha in  fatty 
acids in peroxisomes [9]. 

We  can only  speculate about  the mechan i sm,  
whereby  gemfibrozil  elevates the se rum levels of 
adrenal  cortical hormones .  By the act ivat ion of PPAR,  
fibrates could act by a me c ha n i sm  similar  to steroid 

hormones .  I f  so, it is possible that gemfibrozil  might  
activate the p i tu i t a ry -adrenocor t i ca l  axis th rough  
steroid receptors in the central  nervous  system, a 

hypothesis  suppor ted  by the observed s t imula t ion  by 
fibrates of vasopressin,  which can act as a secretagogue 
for cor t icot ropin  [13, 14]. Al ternat ively ,  gemfibrozil  

4O 
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Fig. 1. The relationship between androstanediol glucuronide (3a-AdiolG) and LDL-cholesterol levels in gemflbrozil- 
treated subjects. 
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Table 6. Multiple regression models for the prediction of the LDL-cholesterol 
levels in the study groups a 

Standardized 
Independent coefficient P-value 

Model b variable(s) of regression (2°tail) Model R 2c 

1. 3ct-AdiolG - 0.330 < 0.001 0.109 
2. Gemfibrozil treatment 0.035 0.698 0.110 

3~t -AdiolG d - 0.351 < 0.001 
3. Gemfibrozil treatment 0.039 0.655 0.139 

Age - 0.031 0.659 
BMI -0 .170 0.015 
3~t-AdiolG - 0.366 < 0.001 

4. 3ct-AdiolG - 0.400 < 0.001 0.160 
5. Age - 0.070 0.499 0.167 

BMI 0.058 0.572 
3~t -AdlolG - 0.399 < 0.001 

6. Cortisol - 0.281 0.009 0.079 
7. Age - 0.028 0.794 0.083 

BMI 0.058 0.596 
Cortisol - 0.272 0.013 

Independent variables in the regression models have been used in groups as shown 
to predict the LDL-cholesterol levels. 

bModels 1, 2, and 3 contain all study subjects, whereas models 4, 5, 6, and 7 contain 
only subjects on gemfibrozil. 

OR2 (the square of the multiple regression coefficient) gwes the proportion of the 
total variation in the LDL-cbolesterol levels that is explained by the variables 
in the model. 

aAndrostanedlol glucuronide. All steroid concentrations were log transformed for 
the models. 

m a y  a c t i v a t e  t h e  s t e r o i d o g e n i c  a d r e n o c o r t i c a l  e n z y m e s  

m o s t  o f  w h i c h  a r e  m e m b e r s  o f  t h e  c y t o c h r o m e  P - 4 5 0  

g r o u p  o f  o x i d a s e s .  S o m e  e v i d e n c e  fo r  t h i s  n o t i o n  was  

p r o v i d e d  b y  t h e  s l i g h t  b u t  s i g n i f i c a n t  d e c r e a s e  o f  t h e  

a n d r o s t e n e d i o n e / c o r t i s o l  r a t i o  b y  g e m f i b r o z i l  

s u g g e s t i n g  i n c r e a s e d  a c t i v i t y  o f  e i t h e r  2 1 -  o r  l l f t -  

h y d r o x y l a s e s .  E x p e r i m e n t a l  e v i d e n c e  a l so  s u p p o r t s  t h e  

h y p o t h e s i s  t h a t  t h e  c y t o c h r o m e  P - 4 5 0  s y s t e m  m a y  b e  

i n v o l v e d  in  t h e  m e c h a n i s m  o f  a c t i o n  o f  g e m f i b r o z i l  

[151. 
O f  t h e  s t e r o i d s  m e a s u r e d ,  t h e  m o s t  s t r i k i n g  was  t h e  

i n c r e a s e  i n  3 ~ - A d i o l G  leve ls .  T h e  m a i n  s o u r c e  o f  

p l a s m a  3 ~ - A d i o l G  is c o n t r o v e r s i a l ,  b u t  i n  m i d d l e - a g e d  

m e n  i t  a p p e a r s  to  b e  d e r i v e d  f r o m  b o t h  g o n a d a l  a n d  

a d r e n a l  a n d r o g e n s  [16].  I n  o u r  p r e v i o u s  r e p o r t ,  w e  

p r o p o s e d  t h a t  g e m f i b r o z i l  m a y ,  in  a d d i t i o n  to  a n  

i n c r e a s e  in  p r o d u c t i o n  a n d  t u r n o v e r  o f  D H E A  a n d  

D H E A S ,  s t i m u l a t e  t h e  5 o r - r e d u c t i o n  o f  a n d r o g e n s  

t h e r e b y  a f f e c t i n g  a l so  s e r u m  t e s t o s t e r o n e  l eve l s  [6]. T h e  

p r e s e n t  d a t a ,  h o w e v e r ,  r e v e a l  t h a t  t e s t o s t e r o n e  l eve l s  

r e m a i n  u n a f f e c t e d ,  w h i l e  t h e  S H B G  leve l s  d e c l i n e  

d u r i n g  g e m f i b r o z i l  t r e a t m e n t .  A l t h o u g h  t h e  t e s t o s t e r -  

Table 7. Multiple regression models for the prediction of the HDL-cholesterol 
levels in the study groups a 

Standardized 
Independent coefficient P-value 

ModeP variable(s) of regression (2-tail) Model R 2¢ 

1. Cortisol 0.231 0.001 0.053 
2. Gemfibrozil treatment 0.233 0.001 0.104 

Cortisol 0.172 0.017 
3. Gemfibrozil treatment 0.236 0.001 0.149 

Age - 0.035 0.608 
BMI - 0.214 0.002 
Cortisol 0.127 0.077 

4. DHEAS 0.195 0.007 0.038 
5. Gemfibrozil treatment 0.244 0.001 0.094 

DHEAS 0.137 0.057 
6. Gemfibrozil treatment 0.235 0.001 0.152 

Age - 0.006 0.932 
BMI -0.241 0.001 
DHEAS 0.143 0.054 

aSee footnote in Table 6. Placebo and gemfibrozil groups combined. 

SBMB 51/5-6--E 
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o n e / S H B G  rat io  r emains  unchanged ,  lower  S H B G  
levels m a y  enhance  the  me tabo l i c  c learance  of  t e s tos te r -  
one,  which  m i g h t  con t r i bu t e  to the  e levat ion  o f  3~-  
A d i o l G  levels.  

W e  have not  e x a m i n e d  the poss ib i l i ty  tha t  the  el-  
eva t ion  of  adrena l  s te ro ids  is an ar t i fac t  r e su l t ing  f rom 
c ross - reac t ions  o f  gemf ibroz i l  and  its me tabo l i t e s  in the  
s te ro id  assays. T h i s  appea r s  to be less p robab le ,  
because  t e s tos t e rone  levels t e n d e d  to be lower  in the 
gemf ib roz i l - t r e a t ed  group .  

Is the  increase  o f  ad renocor t i ca l  s te ro ids  by  gemfi-  
broz i l  t r e a t m e n t  re la ted  to the  change  in the  l i pop ro t e in  
pa t te rn?  N o  signif icant  d i f ferences  were  found  when  
the mean  s te ro id  levels were  c o m p a r e d  in var ious  
gemfibroz i l  i n d u c e d  l ip id  response  ca tegor ies  (basel ine  
vs 1-year  de t e rmina t ions ) ,  in spi te  o f  the  pos i t ive  t r ends  
be tween  the H D L - i n c r e a s e  and  D H E A S  and  D H E A  
and  be tween  the L D L - d e c r e a s e  and  3 e - A d i o l G  and  
cor t i sol  levels.  W h e n  un iva r i a t e  compar i sons  were  
car r ied  out  be tween  l ip id  and s te ro id  levels d e t e r m i n e d  
on samples  d r a w n  at the  same 1-year  visit ,  the  negat ive  
cor re la t ion  be tween  3c t -Ad io lG  and  L D L - c h o l e s t e r o l  
r e m a i n e d  s ignif icant  even af ter  s t r ingen t  Bonfe r ron i  
ad jus t ed  p robab i l i t y .  M u l t i v a r i a t e  m o d e l i n g  fu r the r  
d e m o n s t r a t e d  tha t  3c t -Ad io lG  was a more  i m p o r t a n t  
d e t e r m i n a n t  of  L D L - c h o l e s t e r o l  levels than  were  age, 
B M I ,  and  gemf ibroz i l  t r ea tmen t .  Cor t i so l  was also a 
s ignif icant  p r e d i c t o r  of  L D L - c h o l e s t e r o l  i n d e p e n d e n t  
of  age and B M I .  In  cont ras t ,  the  re la t ionsh ips  be tween  
H D L - c h o l e s t e r o l ,  D H E A S ,  and  cor t i sol  were less 
conclus ive  in mul t iva r i a t e  mode ls ,  when  ad jus t ed  for 
age, B M I ,  and  gemf ibroz i l  t r ea tmen t .  

T h e  fact that  l i pop ro t e in  choles tero l  is the  ma jo r  
p r e c u r s o r  for adrena l  s te ro id  synthes i s  suggests  tha t  the  
associa t ions  found  are causal.  Never the le s s ,  cons ide r -  
ing the  c ross -sec t iona l  na tu re  of  this  s tudy  and the large 
n u m b e r  of  cor re la t ions  c o m p u t e d  for tu i tous  
associa t ions  be tween  l ip id  and  s te ro id  levels are 

possible .  
P r io r  ev idence  suggests  tha t  low D H E A  levels migh t  

lead to inc reased  choles te ro l  p r o d u c t i o n  as a resul t  of  
the  lack of  i nh ib i t i on  by  D H E A  on g l u c o s e - 6 - d e h y d r o -  
genase,  a key enzyme  of  the  pen tose  cycle [17-19].  
Recen t  resul ts  f rom this  l abo ra to ry  suggest ,  however ,  
tha t  several  abnorma l i t i e s  in insu l in  and l i pop ro t e in  
m e t a b o l i s m  may  resul t  f rom the a l t e red  func t ion  of  the  
p i t u i t a r y - a d r e n o c o r t i c a l  axis [5, 20, 21]. F i r s t ,  a b d o m i -  
nal obes i ty ,  h y p e r i n s u l i n e m i a ,  and  closely re la ted  T G  
and H D L - c h o l e s t e r o l  changes  migh t  be associa ted  wi th  
a mi ld  h y p o c o r t i s o l i s m  [20]. O u r  or ig ina l  i n t e rp re t a t i on  
r e g a r d i n g  the  h y p o t h a l a m i c  e t io logy of  the  la t te r  is 
p r o b a b l y  incor rec t ,  s ince our  recen t  resul ts  sugges t  tha t  
the  bas ic  defect  u n d e r l y i n g  the obse rved  a l te ra t ions  in 
the  p i t u i t a r y - a d r e n o c o r t i c a l  axis in a b d o m i n a l  obes i ty  
is par t ia l  2 1 - h y d r o x y l a s e  def ic iency (A. H a u t a n e n  and  
H.  A d l e r c r e u t z ,  u n p u b l i s h e d  data).  A l t h o u g h  the H H S  
d id  not  specif ical ly  address  a b d o m i n a l  obes i ty  or  
insu l in  levels,  cor t i sol  levels in this  p o p u l a t i o n  also 

t e n d e d  to cor re la te  nega t ive ly  wi th  B M I .  Second ,  
smok ing  inh ib i t s  adrena l  21 -hyd roxy la se  t h e r e b y  
increas ing  the  secre t ion  o f  D H E A  and  a n d r o s t e n e d i o n e  
re la t ive  to cor t isol ,  wh ich  migh t  also c on t r i bu t e  to the  
insu l in  res is tance and  d y s l i p i d e m i a  of  smokers  [21]. 
T h i r d ,  we have found  that  h igh  D H E A S  levels were  a 
r isk fac tor  for  C H D  in the  H H S  p o p u l a t i o n  [5]. T a k e n  
toge ther ,  it  appears  that  not  only  the  correct  set po in t  
for r egu la t ion  o f  h y p o t h a l a m i c - p i t u i t a r y - a d r e n a l  
func t ion ,  bu t  also the  D H E A / a n d r o s t e n e d i o n e / c o r t i s o l  
ba lance  migh t  affect g lucose  and l i pop ro t e in  m e t a b -  
ol ism.  Inc reased  p r o d u c t i o n  of  cor t i sol  and  me tabo l i sm  
of  adrena l  and rogens  and t e s tos te rone  migh t  lead to 
decreased  a n d r o g e n  ac t iv i ty  and i m p r o v e d  l i pop ro t e in  
pa t t e rn  in gemf ib roz i l - t r e a t ed  subjects .  

I n  s u m m a r y ,  gemfibroz i l  t r e a t m e n t  p r o d u c e s  
favorable  changes  in p l a sma  l ipopro te in  levels,  bu t  is 
also associa ted  wi th  an increase  in the  levels o f  ad r eno -  
cor t ica l  and rogens ,  3c t -Adio lG,  and cor t i sol  whi le  
t e s tos te rone  levels r ema in  unaffected.  T h e s e  as well  as 
our  p rev ious  da ta  may  suggest  that  p i t u -  
i t a r y - a d r e n o c o r t i c a l  func t ion  and a n d r o g e n  m e t a b -  
o l i sm are re la ted  to the  phys io log ica l  r egu la t ion  of  
l i pop ro t e in  me tabo l i sm .  
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