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Previous studies using 171~-estradiol and medroxyprogesterone acetate (MPA) have shown that hormone replacement therapy 
(HRT) increases left ventricular mass (LVM). To determine if insulin-like growth factor-1 (IGF-1) is associated with the increase 
in LVM, we measured IGF-1 and IGF-binding protein-3 (IGFBP-3) levels in 19 postmenopausal women before and after 8 weeks 
of oral treatment with MPA 5 mg/d. LVM was measured by two-dimensional echocardiography. Changes in IGF-1, IGFBP-3, and 
LVM from baseline were analyzed by paired ttest. Regression analysis was used to determine if changes in the IGF-1 axis with 
MPA treatment affect the increase in LVM. LVM increased 4.4% during the study (P = .006 vbaseline). IGF-1 increased 17% with 
MPA (P -- .008), whereas IGFBP-3 did not change. The IGF-1/IGFBP-3 ratio increased 16.8% (P = .0003). Regression analysis of 
LVM with IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 ratio suggested that IGF-1 during MPA therapy explains 2.4% and the 
IGF-1/IGFBP-3 ratio explains 3.2% of the variation in LVM. There was no effect of IGFBP-3 on LVM. Most of the variation in LVM 
with MPA (90.5%) was explained by baseline LVM. The IGF-1/IGFBP-3 ratio on MPA treatment was inversely related to the 
change in LVM: women with a lower LVM at baseline had the greatest increase in LVM with NIPA. These findings suggest that 
MPA increases IGF-1 and LVM. Because the increase in IGF-1 with MPA treatment explains a fraction of the increase in LVM, 
other mechanisms must also be operative. 
Copyright © 1999 by W.B. Saunders Company 

G ROWTH HORMONE and insulin-like growth factor-1 
(IGF-1) have long been associated with the growth of 

muscle and viscera. Patients with acromegaly who have ele- 
vated growth hormone and IGF-1 levels have hypertrophy of 
many organs, including the myocardium. 

We have shown recently that sequential oral 17[3-estradiol 
and medroxyprogesterone acetate ([MPA] hormone replace- 
ment therapy [HRT]) increase left ventricular mass (LVM) and 
contractile function in postmenopausal women within weeks of 
starting therapy, with some of the increase observed after MPA 
alone. 1 The mechanism for this increased mass is unknown, but 
the increase is not associated with an elevation in blood pressure 
or blood volume.1 

IGF-1 is known to decline sharply after natural menopause in 
women, a surgical menopause in women? and surgical meno- 
pause in rats. 4 There is evidence that oral estrogen decreases 
IGF-15-8 but transdermal estrogen does not. 2,9 Furthermore, 
combination estrogen plus progestin may increase IGF-1.1°,1a 
Because IGF-1 has been linked to myocardial growth 12 and 
some evidence suggests that estrogen plus progestin increases 
IGF-1, the aim of the present study was to determine if the 
increase in LVM with MPA therapy in postmenopausal women 
is associated with changes in IGF-1 or its principal tissue 
binding protein, IGF-binding protein-3 (IGFBP-3). Although 
MPA is the most commonly prescribed progestin for postmeno- 
pausal women in the United States on HRT, there is no 
information available on the effect of this hormone on IGF-1 
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and IGFBP-3 in humans. Furthermore, it is unknown whether 
increases in LVM with MPA treatment can be explained by 
changes in IGF-1 or IGFBP-3. The present study was performed 
to determine whether the increase in LVM on MPA therapy is 
related to changes in the IGF-1 axis. 

SUBJECTS AND METHODS 

Subjects 

Twenty-two healthy postmenopansal women with a mean age of 
54.2 _+ 6.2 years (median, 53.5) who were never on HRT or did not use 
HRT for at least the prior 2 months were recruited to participate. Since 
19 of 22 individuals had a complete echocardiography data set at the 
conclusion of the study, LVM changes in 19 subjects were analyzed and 
reported. Twenty of 22 subjects had complete IGF-I and IGFBP-3 data 
sets, so the effect of MPA on the IGF-1 axis is reported for 20 subjects. 
The inclusion criteria were a follicle-stimulating hormone level more 
than 40 mIU/mL and a normal mammogram within the past year. 
Exclusion criteria were known cardiac disease, hypertension, migraine, 
or stroke on oral contraceptive therapy, allergy to progestins, and 
untreated thyroid disease. The study was approved by the Institutional 
Review Board and the Clinical Research Center at The University of 
Vermont, and all women provided written informed consent. 

Study Design 

The subjects received HRT consisting of MPA (Provera; Pharmacia 
& Upjohn, Kalamazoo, MI) 5 mg/d for 8 weeks. Medication was 
administered in the evening, and study visits occurred during the 
afternoon. Subjects underwent a two-dimensional echocardiogram and 
measurement of IGF-1 and IGFBP-3 levels before initiating HRT 
(baseline) and on MPA therapy 8 weeks later. 

Echocardiography 

All studies were performed with the subjects supine in the left lateral 
decubitus position with a phased-array ultrasonoscope (Acuson HP-10; 
Acuson, Mountain View, CA) using a 2.5-MHz transducer as previously 
described. 1 Two-dimensional images were obtained sequentially from 
the parastemal long-axis, parasternal short-axis, apical four-chamber, 
and apical two-chamber views. All images were recorded in coded 
fashion by one sonographer and read by one cardiologist in batches to 
allow for blinding of subject name and medication status. There was no 
interobserver vaiiation, since we used only one reader. Intraobserver 
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Table 1. Effect of MPA on LVM, IGF-1, and IGFBP-3 (mean -+ SD) 
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No. of 
Variable Subjects Baseline MPA Therapy % Change P 

LVM (g) 19 135.7 _+ 27.3 141.7 -- 25.5 +4.4 .006 

IGF-1 (ng/mL) 20 123.5 -+ 52.3 144.5 ± 53.4 +17.0 .0008 

IGFBP-3 (ng/mL) 20 3,262.6 -- 722.4 3,290.9 ÷ 711.5 +0.87 .69 

IGF-1/IGFBP-3 ratio 20 .0370 ± .0099 ,0432 _+ .0089 + 16.8 .0003 

variation, calculated for duplicate measurements as the measurement 
reliability, was excellent at 99 %.13 

IGF-1 and IGFBP-3 Assays 

Samples were prepared for IGF-1 assay by acid ethanol cryoprecipi- 
ration according to the method of Breier et al z4 and analyzed using the 
Nichols Institute extraction radioimmunoassay kit, a double-antibody 
assay (40-2100; Nichols Institute Diagnostics, San Juan Capistrano, 
CA). The intraassay coefficient of variation was 4.51% and the 
interassay coefficient of variation 3.50%. IGFBP-3 analysis was per- 
formed using an immunoradiometfic kit (Diagnostic Systems Laborato- 
ries, Webster, TX). This assay uses a two-site immunoradiometric 
principle to measure nonglycosylated IGFBP-3. The intraassay coeffi- 
cient of variation was 0.95% and the interassay coefficient of variation 
4.72%. 

Statistical Analysis 

Each individual's baseline value was used as a control value. We 
compared changes over time for LVM, IGF-1, IGFBP-3, and the 
IGF-1/IGFBP-3 ratio using a paired t test. Linear and multiple linear 
regression analyses were used to evaluate LVM at baseline versus the 
8-week follow-up point on MPA therapy, and to determine if changes in 
IGF-1 and IGFBP-3 could explain LVM changes. Effects were consid- 
ered statistically significant at a P level less than .05. 

RESULTS 

MPA significantly increased LVM by 4.4%. Furthermore, 
MPA increased IGF-1 and the IGF-1/IGFBP-3 ratio signifi- 
candy by 17% and 16.8%, respectively, with no significant 
change in IGFBP-3. The IGF-1/IGFBP-3 ratio, used to assess 
IGF-1 action in target tissues, increased similarly to IGF-1 
alone. This indicates that serum IGF-1 itself reflects tissue 
bioavailability (Table 1). 

To determine if  the changes in IGF-1 or IGFBP-3 were 
associated with an increase in LVM, we performed a regression 
analysis of LVM on MPA treatment versus IGF-1, IGFBP-3, 
and the IGF-1/IGFBP-3 ratio (Tables 2 and 3). The tables 
represent models with LVM at baseline, along with additional 
models including changes in IGF-1, IGFBP-3, or the IGF-1/ 
IGFBP-3 ratio with MPA therapy. After 8 weeks of treatment, 
LVM on MPA was strongly related to LVM at baseline (multiple 
R 2 = .905; Table 1). This indicates that 90.5% of the variation 
in LVM on MPA is explained by the baseline LVM. The 

Table 2. Association (R 2) Between LVM on 

addition of IGF-1 at baseline did not significantly increase this 
strong relationship (2kR 2 = .008, P = .23). (AR 2 is the incremen- 
tal change in R 2 due to adding another variable.) However, the 
addition of IGF-1 on MPA therapy did significantly change the 
regression equation for LVM (AR 2 = .024, P = .04). This 
indicates that 2.4% of the total variation in LVM beyond that of 
the baseline LVM can be explained by the IGF-1 level on MPA 
therapy. 

IGFBP-3 alone at baseline did not significantly explain any 
of the variation in the LVM relationship (P = .43). This lack of 
effect of IGFBP-3 on LVM is also found with progestin 
(P = .32) (Table 3). 

The IGF-1/IGFBP-3 ratio on MPA therapy, believed to reflect 
IGF-1 availability to the tissues (ie, myocardium), appears to 
affect the LVM relationship (AR 2 = .032, P = .01; Table 3). 
This indicates that 3.2% of the variation in the relationship of 
LVM on MPA therapy can be explained by the IGF-1/IGFBP-3 
ratio in combination with the baseline mass. 

The prior use of HRT 2 months or more before the study 
appears to influence the change in LVM (Fig 1). Although 
women with the smallest baseline LVM had the largest increase 
in LVM with MPA therapy, women with prior HRT exposure 
(estrogen plus progestin) appeared to have the greatest increase 
in LVM. The subjects' age, weight, or time since menopause did 
not affect this increase in LVM significantly. Furthermore, the 
IGF-1/IGFBP-3 ratio on MPA therapy was inversely and 
significantly correlated with the change in LVM regardless of 
prior hormone exposure. 

DISCUSSION 

This study shows that the increase in LVM with MPA therapy 
can be partly explained by the increase in circulating IGF-1. To 
our knowledge, the link between LVM and IGF-1 with MPA 
therapy has not been previously reported. This result might be 
expected, since we demonstrate that MPA increases IGF-1 and 
others have hypothesized that IGF-1 increases ventricular 
m a s s .  12 

In addition to circulating IGF-1, it is possible that IGF-1 
produced locally in the myocardium stimulates ventricular 
growth. 12 However, animal studies have not confirmed this 
hypothesis. In the rat, Cittadini et a115 showed that local 

MPA Therapy, Baseline LVM, and IGF-1 

LVMonMPA Therapy 

Variable Intercept 21.3 Intercept 30.1 Intercept 38,7 Intercept 25,5 

LVM at baseline .89 (P < .01) .87 (P < .01 ) .84 (P < .01) .87 (P < .01) 
IGF-1 at baseline - .05  (P = .23) 

IGF-1 on MPA - .08  (P = .04) 

2dGF-1 - .14  (P = .08) 

Mult iple R 2 .905 (P < .001 ) .913 (P < .001 ) .929 (P < .001 ) .922 (P < .001 ) 
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Table 3. Association (R z) Between LVM on MPA Therapy, Baseline LVM, IGFBP-3, and IGF-1/IGFBP-3 Ratio 

LVM on MPA Therapy 

Variable Intercept 2 1 . 3  intercept 29.4 rntercept 32.6 rntercept 30,3 intercept 54.6 Intercept 23.8 

LVM at baseline .89 (P< .01) .88 (P< .01) .88 (P< .01) .87 (P< .01) .83 (P< .01) .89 (P< .01) 
IGFBP-3 at baseline -.002 (P = .43) 
IGFBP-3 on MPA -.003 (P = .32) 
IGF-1/IGFBP-3 ratio at baseline -.171 (P - .42) 
IGF-1/IGFBP-3 ratio on MPA -.575 (P = .01) 
AIGF-1/IGFBP-3 ratio - .488 (P = .09) 
Multiple R 2 ,905 (P<  .001) .909 (P< .001) .911 (P< .001) .909 (P< .001) .937 (P< ,001) .920 (P< .001) 

expression of IGF-1 in the myocardium is not necessary for the 
increase in ventricular wall thickness observed after myocardial 
infarction. Furthermore, Donath et all6 found that recombinant 
IGF-1 did not affect e~- or 13-myosin heavy-chain synthesis in 
rats. It is unknown whether IGF-1 increases locally with 
progestins in humans and what effect this has on ventricular 
growth, if any. 

Only limited information is available on the effect of 
progestins on IGF-1 and IGFBP-3. To our knowledge, this is the 
first report of an effect of progestins alone on IGF-1 in humans. 
Our finding of increased IGF- 1 with oral MPA therapy is similar 
to findings in dogs that received parenteral MPA. 17,ts We could 
not find any previous studies with progestins and IGFBP-3. 
Searching for an effect of HRT on IGFBP-3 as a separate entity 
is worthwhile, since IGFBPs may have their own independent 
actions, t9 

The effect of HRT on IGFBPs has received little attention. 
Shewmon et al6 found that oral conjugated estrogens decreased 
IGF-1 by 30% with no change in IGFBP-3 after 3 months of 
treatment. Helle et al7 compared oral estrogen plus an oral 
progestin against transdermal estrogen plus an oral progestin, 
finding that oral estrogen plus oral progestin decreased IGF-1 
without significantly decreasing IGFBP-3. No significant ef- 
fects on other IGFBPs measured by Western ligand blot analysis 
were found with either treatment. The fact that our study found 
an increase in IGF- 1 with oral progestin rather than the decrease 
found by Helle et al might be explained by the condition that our 
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Fig 1. Change in LVM and prior HRT exposure. Women with prior 
HRT exposure (Y) had a larger increase in LVM with MPA therapy v 
women without prior HRT exposure ( I ) .  

subjects received a progestin but not estrogen. Our findings 
agree with those of Helle et al and Shewmon et al in that 
IGFBP-3 did not change. 

Because the increase in IGF-1 with MPA therapy explains 
only 2.4% of the change in LVM beyond baseline LVM, one 
would expect other mechanisms to be operative. It is possible 
that MPA itself or a metabolite has a direct anabolic action on 
myocardial muscle, as progestins have a structure similar to 
both androgens and progesterone. The effect of various pro- 
gestins of different androgenicity on the myocardium clearly 
deserves further study. 

Our finding that women with the smallest baseline LVM had 
the largest increase in LVM on MPA therapy is interesting, and 
it was not affected by body weight, age, or time since 
menopause. Only exposure to HRT at least 2 months prior to the 
study affected the increase in LVM with MPA, suggesting that 
prior HRT exposure primed the myocardium to increase its 
mass with progestin. 

Our study has several limitations, including the absence of 
age-matched controls. We expected no change in LVM in 
healthy women in such a short-term study, as confirmed by 
Snabes et al,20 who measured ventricular mass in untreated 
healthy postmenopausal women over 12 weeks. Our sample 
size is relatively small, although we found statistical signifi- 
cance. The statistical power to detect incremental R 2 values had 
a range from 82% for the IGF-I/IGFBP-3 ratio on MPA therapy 
to 42% for the change in this ratio, while the power to detect the 
incremental effect of IGF-1 on MPA therapy was 66%. Further- 
more, the amount of increase in LVM in this short-term study is 
small, and the clinical significance and long-term effects are 

unknown. 
We conclude that MPA increases IGF-1 levels in women and 

partly explains the increase in LVM found with MPA therapy. 
Further studies are necessary to determine whether these effects 
are long-term and to explain the other possible mechanisms 
underlying this progestin-induced increase in LVM. 

REFERENCES 

1. Sites CK, Tischler MD, Blackman JA, et al: Effect of short-term 
hormone replacement therapy on left ventricular mass and contractile 
function. Fertil Steril 71:137-143, 1999 

2. Dall'Aglio E, Valcnti G, Hoffman AR, et al: Lack of effect of 
transdermal estrogen on the growth hormone-insulin-like growth factor 
axis. Horm Metab Res 26:211-212, 1994 

3. Zofkova ], Kancheva RL: Effect of estrogen status on bone 
regulating hormones. Bone 19:227-232, 1996 



MEDROXYPROGESTERONE ACETATE, LV MASS, AND IGF-1 1331 

4. Sato F, Ouchi Y, Masuyama A, et al: Effects of estrogen 
replacement on insulin-like growth factor I concentrations in serum and 
bone tissue and on interleukin 1 secretion from spleen macrophages in 
oophorectomized rats. Calcif Tissue Int 53:111-116, 1993 

5. Weissberger AJ, Ho KK, Lazarus L: Contrasting effects of 
estrogen replacement on 24-hour growth hormone (GH) secretion, 
insulin-like growth factor I, and GH-binding protein in postmenopausal 
women. J Clin Endocrinol Metab 72:374-381, 1991 

6. Shewmon DA, Stock JL, Rosen CJ, et al: Tamoxifen and estrogen 
lower circulating lipoprotein(a) concentrations in healthy postmeno- 
pausal women. Arterioscler Thromb 14:1586-1593, 1994 

7. Helle SI, Omsjo IH, Hughes SC, et al: Effects of oral and 
transdermal oestrogen replacement therapy on plasma levels of insulin- 
like growth factors and 1GF binding proteins 1 and 3: A cross-over 
study. Clin Endocrinol (Oxf) 45:727-732, 1996 

8. Goodman-Gruen D, Barrett-Connor E: Effect of replacement 
estrogen on insulin-like growth factor-I in postmenopansal women: The 
Rancho Bernardo Study. J Clin Endocrinol Metab 81:4268-4271, 1996 

9. Bellantoni MF, Harman SM, Cho DE, et al: Effects of progestin- 
opposed transdermal estrogen administration on growth hormone and 
insulin-like growth factor-I in postmenopausal women of different ages. 
J Clin Endocrinol Metab 72:172-178, 1991 

10. Hartmann B, Kirchengast S, Albrecht A, et al: Effects of 
hormone replacement therapy on growth hormone secretion patterns in 
correlation to somatometdc parameters in healthy postmenopausal 
women. Maturitas 22:239-246, 1995 

11. Slowinska-Srzednicka J, Zgliczynski S, Jeske W, et al: Transder- 
mal 17 beta-estradiol combined with oral progestogen increases plasma 
levels of insulin-like growth factor-I in postmenopausal women. J 
Endocrinol Invest 15:533-538, 1992 

12. Silverman BL, Friedlander JR: Is growth hormone good for the 
heart? J Pediatr 131 :$70-$74, 1997 (suppl) 

13. Fleiss JL: The Design and Analysis of Clinical Experiments. 
New York, NY, Wiley, 1986, pp 8-12 

14. Breier BH, Gallaher BW, Gluckman PD: Insulin-like growth 
factor-I: Solutions to some potential problems and pitfalls. J Endocrinol 
128:347-357, 1991 

15. Cittadini A, Grossman JD, Napoli R, et al: Growth hormone 
attenuates early left ventricular remodeling and improves cardiac 
function in rats with large myocardial infarction. J Am Coll Cardiol 
29:1109-1116, 1997 

16. Donath MY, Gosteli-Peter MA, Hauri C, et al: Insulin-like 
growth factor-I stimulates myofibrillar genes and modulates atrial 
natriuretic factor mRNA in rat heart. Eur J Endocrinol t37:309-315, 
1997 

17. Selman PJ, Mol JA, Rutteman GR, et al: Progestin treatment in 
the dog. I. Effects on growth hormone, insulin-like growth factor I and 
glucose homeostasis. Eur J Endocrinol 131:413-421, 1994 

18. Mol JA, van Garderen E, Rutteman GR, et al: New insights in the 
molecular mechanism of progestin-induced proliferation of mammary 
epithelium: Induction of the local biosynthesis of growth hormone (GH) 
in the mammary glands of dogs, cats and humans. J Steroid Biochem 
Mol Biol 57:67-71, 1996 

19. Rajaram S, Baylink DJ, Mohan S: Insulin-like growth factor- 
binding proteins in serum and other biological fluids: Regulation and 
functions. Endocr Rev 18:801-831, 1997 

20. Snabes MC, Payne JR Kopelen HA, et al: Physiologic estradiol 
replacement therapy and cardiac structure and function in normal 
postmenopausal women: A randomized, double-blind, placebo- 
controlled, crossover trial. Obstet Gynecol 89:332-339, 1997 


