
UC Irvine
UC Irvine Previously Published Works

Title
Does hormone therapy affect blood pressure changes in the Diabetes Prevention Program?

Permalink
https://escholarship.org/uc/item/3tj203rc

Journal
Menopause The Journal of The North American Menopause Society, 21(5)

ISSN
1072-3714

Authors
Kim, Catherine
Golden, Sherita H
Kong, Shengchun
et al.

Publication Date
2014-05-01

DOI
10.1097/gme.0b013e3182a0e3ea
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3tj203rc
https://escholarship.org/uc/item/3tj203rc#author
https://escholarship.org
http://www.cdlib.org/


Does hormone therapy affect blood pressure changes in the
Diabetes Prevention Program?

Catherine Kim, M.D. M.P.H.1, Sherita H. Golden, M.D. M.H.S.2, Shengchun Kong, M.S.3, Bin
Nan, Ph.D.3, Kieren J. Mather, M.D.4, Elizabeth Barrett-Connor, M.D.5, and Diabetes
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Michigan, Department of Biostatistics, Ann Arbor, Michigan 4Indiana University, Department of
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Abstract

Objectives—To examine whether blood pressure reductions differ by estrogen use among

overweight glucose-intolerant women.

Methods—We conducted a secondary analysis of postmenopausal Diabetes Prevention Program

participants who used oral estrogen with or without progestogen at baseline and at 1-year follow-

up (n=324) vs. those who did not use at either time point (n=382). Systolic (SBP) and diastolic

blood pressure (DBP) changes were examined by randomization arm (intensive lifestyle change

(ILS), metformin 850 mg twice daily, or placebo). Associations between changes in blood

pressure with changes in sex hormone binding globulin, estradiol, testosterone, and

dehydroepiandrosterone were also examined.

Results—Estrogen users and non-users had similar prevalences of baseline hypertension (33%

vs. 34%, p=0.82) and use of blood pressure medications at baseline (p=0.25) and follow-up

(p=0.10). Estrogen users and non-users randomized to ILS had similar decreases in SBP (-3.3 vs.

-4.7 mmHg, p=0.45) and DBP (-3.1 vs. -4.7 mmHg, p=0.16). Among estrogen users, women

randomized to ILS had significant declines in SBP (p=0.016) and DBP (p=0.009) vs. placebo.

Among non-users, women randomized to ILS had significant declines in DBP (p=0.001) vs.

placebo, but declines in SBP were not significant (p=0.11). Metformin was not associated with

6A list of centers, investigators, and staff can be found in the Appendix (Supplemental Digital Content 1, http://links.lww.com/
MENO/A61)
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blood pressure reductions vs. placebo regardless of estrogen therapy. Blood pressure changes were

not associated with changes in sex hormones regardless of estrogen therapy.

Conclusions—Among overweight women with dysglycemia, the magnitude of blood pressure

reductions after ILS was unrelated to postmenopausal estrogen use.

Keywords

lifestyle change; hypertension; postmenopausal hormone therapy

Introduction

Numerous clinical trials have demonstrated that lifestyle interventions targeting weight

reduction in overweight individuals also reduce blood pressure levels1–4. In the Diabetes

Prevention Program (DPP), intensive lifestyle changes (ILS) led to reductions in systolic

blood pressure (SBP) and diastolic blood pressure (DBP) levels by several mmHg5 with

persistent benefit observed up to 10 years later1.

It is not known whether blood pressure reductions differ between estrogen users and non-

users. Randomized trials of exogenous estrogen therapy have variously reported that oral

estrogen use increases6–8, decreases9, 10, or has no effect on blood pressure11–13 in

postmenopausal women. These conflicting results could be due to the paradoxical effects of

oral estrogen, which may increase activation of the renin-angiotensin system10 while

simultaneously causing peripheral vasodilatation and endothelial remodeling14. Therefore,

use of oral estrogen could potentiate or negate the effects of weight loss interventions upon

blood pressure. Among postmenopausal women, a potential mechanism for the effects of

weight loss upon blood pressure is concurrent alteration in endogenous sex hormone

profiles, specifically decreases in endogenous estradiol (E2), testosterone (T),

dehydroepiandrosterone (DHEA), and increases in the binding protein sex hormone binding

globulin (SHBG). No randomized trials have reported whether endogenous sex hormone

levels are associated with blood pressure changes independently of changes in body mass in

postmenopausal women. Observational studies are inconsistent, with some studies reporting

associations between higher E2 and T levels and lower SHBG levels with higher SBP and

DBP15, 16, while other reports note no association17, 18.

Using DPP data, we have previously reported that postmenopausal participants randomized

to ILS had the significant reductions in weight and waist circumference compared to

placebo19. Therefore, in a secondary analysis of the DPP, we hypothesized that decreases in

blood pressure among women randomized to ILS would be observed among both users and

non-users of exogenous estrogen and the magnitude of such reductions in our overweight,

dysglycemic sample would be similar by estrogen use. We also hypothesized that reductions

in blood pressure would be associated with reductions in sex steroids and increases in

SHBG.

Kim et al. Page 2

Menopause. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Methods

Characteristics of DPP participants have been published20–22, as well as characteristics of

participants in this secondary analysis23. Briefly, the DPP was a randomized controlled trial

conducted between 1996 and 2001. The DPP was originally developed to prevent or delay

the onset of diabetes among persons at high-risk using interventions designed to improve

abnormal glucose metabolism. The DPP had 26 clinical centers located throughout the

United States which are listed in the study Appendix (Supplemental Digital Content 1,

http://links.lww.com/MENO/A61). Eligible participants were randomly assigned to one of

three groups: 850 mg metformin twice daily, placebo twice daily, or ILS. The goals of ILS

were to achieve and maintain a weight reduction of at least 7% of initial body weight

through consumption of a low-calorie, low-fat diet, plus moderate physical activity for at

least 150 minutes per week 24. Inclusion criteria included age > 25 years, fasting plasma

glucose (FPG) of 95–125 mg/dl and 2-hour plasma glucose of 140–200 mg/dl following a

75-gram glucose load, and body mass index (BMI) ≥24 kg/m2 (≥22 kg/m2 for Asian

Americans). Written informed consent was obtained from all participants before screening,

consistent with the guidelines of each participating center's institutional review board.

At the time of randomization, all women completed a questionnaire about their menses,

gynecological history including surgeries, and about estrogen use (contraceptive and

postmenopausal therapy). Medication use was reassessed every 6 months. For this report, we

included women who were postmenopausal at randomization, who had an available stored

blood sample, and who consented for participation in ancillary studies. We did not include

women enrolled at the Native American/American Indian centers, as these women were not

originally consented to participate in this ancillary study. Women were classified as

postmenopausal if they met any of the following criteria: bilateral oophorectomy, lack of

menses for at least one year while retaining uterus and at least one ovary, cessation of

menses prior to hysterectomy, cessation of menses within the past year and age > 55 years,

and cessation of menses with hysterectomy and age > 55 years. Women could be

categorized as oral estrogen users both at randomization as well as at 1 year follow-up

(n=324), or as non-users both at randomization and 1 year follow-up (n=382). Women who

used injection, implant, transdermal, or transvaginal estrogen were excluded, as were

women who used any estrogen at baseline but not at follow-up and vice-versa. We have

previously reported the characteristics of estrogen use19; of the 324 women who reported

using oral estrogen at baseline and at follow-up, 266 women were estrogen-only users at

baseline and 58 women used estrogen-progestogen; at year 1 follow-up, 258 women were

estrogen-only users and 66 women used estrogen-progestestogen, and the most common

estrogen used was conjugated equine estrogen.

Weight and waist circumference were measured semiannually, and participants had an

annual blood pressure measurement. Blood pressure measurements were performed with a

standard mercury manometer by certified staff at baseline and quarterly visits using a

standard protocol, with the participant seated for at least 5 minutes before the measurement.

A second pressure measurement was obtained 30 seconds later after complete cuff deflation.

The mean of the 2 measurements was used for analysis. Hypertension was defined as blood

pressure > 140/90 mmHg or the use of antihypertensive medication. Changes in blood

Kim et al. Page 3

Menopause. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://links.lww.com/MENO/A61


pressure medication dosages were not recorded. Blood was drawn after a 12-hour fast at

baseline and annually thereafter.

We have previously reported sex hormone measurement procedures 25. Briefly, SHBG,

follicle stimulating hormone (FSH), total E2, total T, and DHEA were measured on

heparinized plasma collected at baseline and year 1. SHBG was measured at Endoceutics

(Quebec City, Canada) using ELISA (Bioline) with interassay coefficients of variation of

7.8 and 5.0 at 18.2 and 63.1 nmol/l, respectively. FSH was measured at Endoceutics using

ELISA (Bioline) with interassay coefficients of variation of 3.6 and 4.4 at 27.1 and 72.9

mIU/ml, respectively. E2, T, and DHEA were analyzed using gas chromatography/mass

spectrometry at Endoceutics. The limits of detection were 3.0 pg/ml for total E2; 8.0 ng/dl

for total T, and 0.30 ng/ml for DHEA. Interassay coefficients of variation for E2 were 17.5%

at 4.7 pg/ml, for T were 13.0% at 14 ng/dl, and for DHEA were 24.0% at 0.77 ng/ml.

Statistical Analysis

Women who did not use any estrogen at baseline or follow-up were compared to women

who used oral estrogen at both baseline and follow-up. For each sample or estrogen group,

baseline characteristics were described using percentages for categorical variables and

means (SD) for quantitative variables. Baseline sex hormone distributions were skewed, and

therefore log-transformed values and median values were used for comparison of these

baseline distributions. We used t-tests or Wilcoxon rank-sum tests to compare change in

SBP and DBP between randomized treatment arms. In the DPP, maximal reductions in

weight loss were noted at 1 year post randomization; therefore, we examined blood pressure

changes between baseline and 1-year.24 Change in blood pressure was calculated as year 1

level - baseline level. Next, the magnitude of blood pressure changes among women

randomized to ILS; metformin; and placebo were compared between estrogen users and

non-users. We examined the association between sex hormone changes and blood pressure

changes separately for estrogen-users and nonusers. Due to differences in baseline FSH by

randomization arm, as well as previously reported effects of menopausal stage upon sex

steroid-adipose tissue relationships26, baseline FSH levels were also examined as a

covariate. A series of linear regression models additionally adjusted for age, race/ethnicity,

and use of blood pressure medications.

In sensitivity analyses, we also evaluated models that adjusted for changes in waist

circumference and changes in fasting insulin. Waist circumference and weight are highly

correlated, and we chose to use waist circumference due to its stronger associations with

reductions in adiposity among postmenopausal women enrolled in weight loss

interventions27. Characteristics of estrogen-only and estrogen-progestogen users did not

differ (results not shown), and therefore these women were grouped together. Finally, in

models that contained estrogen users and non-estrogen users, we evaluated the significance

of an interaction term between estrogen use and intervention arm for the outcomes of

changes in weight, waist circumference, and sex hormones. We also evaluated the

significance of an interaction term between hormone use and sex hormone level among

women randomized to ILS for the outcomes of changes in SBP and DBP. The SAS analysis

system was used for all analyses (SAS Institute, Cary, NC).
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Results

Baseline characteristics of postmenopausal women by estrogen use are shown in Table 1.

The baseline prevalence of hypertension, defined by blood pressure levels or use of blood

pressure medications, was similar by estrogen use. There were no significant differences in

DBP by estrogen use, while SBP was slightly but significantly lower among women using

oral estrogen. Use of blood pressure medications at baseline was also similar between

estrogen users and non-users. Reflecting DPP recruitment criteria, all women were

overweight or obese at baseline and glucose-intolerant. Women who did not use estrogen

were slightly older and more often non-white than estrogen users. Among non-users, the

most common cause of menopause was natural or non-surgical cessation of menses, whereas

among estrogen users, the most common cause of menopause was oophorectomy. Non-users

weighed more and had greater waist circumferences and higher BMIs than estrogen users.

Non-users had higher baseline levels of fasting insulin and FSH but lower baseline levels of

SHBG and E2 than estrogen users. Differences in T between estrogen users and non-users

were not observed; DHEA was slightly higher in non-users. Among women who did not use

estrogen, there were no significant baseline differences between women randomized to ILS

(n=133), metformin (n=122), or placebo (n=129), with the exception that women

randomized to metformin had slightly lower FSH levels than women randomized to placebo

(51.5 IU/l vs. 59.3 IU/l, p=0.02). Among estrogen users, there were no significant baseline

differences between women randomized to ILS (n=107), metformin (n=122), and placebo

(n=95), with the exception that there were slightly more African-American women in the

metformin arm than the placebo arm (9% vs. 5%, p=0.02).

Table 2 shows reductions in weight and waist circumference by intervention arm among

women who used and did not use estrogen. Among both estrogen users and non-users,

women randomized to ILS or metformin lost weight and reduced waist circumference

compared to placebo. The magnitude of weight loss and reductions of waist circumference

did not differ significantly by estrogen use, within or across randomization arms. Table 2

also shows changes in SHBG and sex steroid levels by estrogen use. Among women who

did not use estrogen, randomization to ILS was associated with increases in SHBG and

decreases in DHEA compared to placebo; randomization to ILS was not associated with

significant sex hormone changes among women randomized to metformin compared to

placebo. However, the interaction term between randomization arm and estrogen use was

not significant. The exception was that the interaction between hormone use and

intervention arm for change in E2 level was significant, suggesting that estrogen use

modified metformin effects upon estradiol levels; however, in stratified analysis, metformin

did not decrease E2 relative to placebo among estrogen users or non-users.

Figure 1 illustrates corresponding changes in blood pressure by randomization arm and by

estrogen use. Among estrogen users, women randomized to ILS had reductions in SBP

(p=0.016) and DBP (p=0.009) compared to placebo. Women randomized to metformin had

non-significant changes in SBP (p=0.59) and DBP (p=0.19) compared to placebo. Among

women who did not use estrogen, women randomized to ILS had significant reductions in

DBP (p=0.001) compared to placebo, although reductions in SBP did not meet criteria for
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significance (p=0.11) compared to placebo. Women randomized to metformin had non-

significant reductions in SBP (p=0.53) and DBP (p=0.53).

When we compared the magnitude of blood pressure reduction by estrogen use, particularly

in the ILS arm where significant decreases in BP were observed, we found no significant

differences by estrogen use (Figure 1). That is, both estrogen users and non-users

randomized to ILS had a similar magnitude of reductions in SBP (p=0.45) and DBP

(p=0.16). Use of blood pressure medication at 1-year follow-up was also similar by estrogen

use (21% among non-users and 27% among users, p=0.10).

We did not find statistically significant associations between changes in blood pressure with

changes in sex hormones. Specifically, among women randomized to ILS, where the largest

blood pressure reductions were observed, sex hormone changes were not associated with

changes in SBP or DBP in unadjusted models or models that adjusted for age, race/ethnicity,

blood pressure medication use, and FSH; models that also adjusted for waist circumference

and 1/fasting insulin; models stratified by estrogen use that included the entire sample of

women and adjusted for randomization arm; and models that included all women and

evaluated the interaction between sex hormone level and estrogen use.

Discussion

In a secondary analysis of a randomized trial of weight loss interventions in overweight

postmenopausal women, we found that elective estrogen users and non-users had similar

patterns of blood pressure reductions. Among both estrogen users and non-users, women

randomized to ILS had the greater decreases in blood pressure, whereas women randomized

to metformin had non-significant decreases in blood pressure despite significant decreases in

weight and waist circumference compared to placebo. The magnitude of blood pressure

reductions among women in the ILS arms and the proportion of women using blood

pressure medications at 1-year follow-up were also similar by estrogen use. To our

knowledge, no other randomized studies have examined whether the use of oral estrogen

reduces the effects of lifestyle upon blood pressure, particularly for postmenopausal women

who are at risk for adverse cardiovascular events, i.e. overweight and glucose-intolerant.

Our results are reassuring in that estrogen use does not completely negate the beneficial

effects of lifestyle change upon weight and blood pressure. In observational studies,

estrogen use has been reported to be associated with increased blood pressure levels28, 29.

Reports of randomized trials conflict, with reports of increased blood pressure vs.

placebo6–8, no effect11–13 or even lowered blood pressure9, 10. Previous studies have

reported that in postmenopausal women, randomized trials of lifestyle modification can

improve metabolic syndrome components, specifically blood pressure30 31. These reductions

are highly correlated with reductions in fat mass30. Weight loss was associated with

concurrent reductions in adipokines such as C-reactive protein and tumor necrosis factor-

alpha levels that might have contributed to decreases in blood pressure30. Our results

suggest that the magnitude of weight loss necessary for blood pressure reduction needs to be

fairly large among overweight, glucose intolerant women, as these women randomized to

ILS lost more weight than those randomized to metformin, and only women randomized to
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ILS had concomitant reductions in blood pressure. While women randomized to ILS lost

approximately 7 kg of weight regardless of estrogen use, accompanying reductions in SBP

and DBP were only 3–5 mm Hg. This suggests that smaller amounts of weight loss i.e.

aimed at targets less than the DPP ILS target of loss of 7% of total weight might not lead to

significant blood pressure declines.

While we observed changes in sex hormone profiles, particularly increases in SHBG levels

among women randomized to ILS, these changes were not significantly associated with

declines in SBP or DBP among estrogen users and non-users. While no randomized trials

have examined the role of sex hormones in altering blood pressure levels, observational

studies have suggested that endogenous sex steroid levels might also contribute to blood

pressure levels, although reports have conflicted. In the Multi-Ethnic Study of

Atherosclerosis, higher baseline DHEA, E2, and T and lower baseline SHBG predicted

incident hypertension and increases in blood pressure levels15, with associations between

blood pressure and SHBG and DHEA persisting after adjustment for body mass index.

Similar results were observed in a Swedish cohort of middle-aged women16. Among women

in the Beaver Dam Eye Study, SHBG was strongly and inversely associated with DBP,

while greater T was associated with greater SBP and DBP; relationships between estrone

and blood pressure and DHEA and blood pressure were not observed32. In contrast, a cross-

sectional report from the Study of Women’s Health Across the Nation (SWAN) did not find

significant associations between SHBG with SBP or DBP after adjustment for BMI17.

Similar lack of association was reported among women enrolled in the San Antonio Heart

Study18. Our results may conflict with studies that found an association between sex

hormones and blood pressure because the role of sex hormones in elevating blood pressure

may differ among women who are already insulin-resistant and significantly overweight, or

because the contribution of sex hormones to blood pressure, independent of weight loss and

waist circumference reductions, is minimal.

Strengths of our report include its randomized study of weight loss interventions which led

to significant changes in body mass and blood pressure. Although we used mass

spectrometric assays which may be more sensitive for the low sex steroid levels typically

observed in postmenopausal women, variance was still high at lower levels and may have

biased estimates to the null33. Finally, this study was a secondary analysis of a randomized

trial not designed a priori to assess the interaction between estrogen use, sex hormones, and

blood pressure; such a study which randomized women to estrogen therapy as well as to

weight loss would be unlikely to be performed today due to logistics and cost. Of note, the

DPP was conducted before the publication of the Women’s Health Initiative Trial results

that led to decreases in estrogen prescription.

Conclusion

We conclude that lifestyle changes targeting weight loss can reduce blood pressure in

overweight, glucose-intolerant women. The benefit of lifestyle change was observed in both

estrogen users and non-users and the magnitude of blood pressure reduction did not differ by

estrogen use. Therefore, successful attempts at weight loss and physical activity could be

expected to lead to lowered blood pressure regardless of estrogen use. Additional
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investigation is needed upon the potential impact of hormone therapy upon blood pressure

among normal weight, glucose tolerant populations, as well as the potential mediating role

of sex hormones in such populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Change in systolic blood pressure (SBP) and diastolic blood pressure (DBP) between year 1 and baseline, mean (95%

confidence interval). *Indicates that p=0.016 for ILS vs. placebo; † indicates that p=0.001 vs. placebo; ‡ p=0.009 compared to

placebo Other comparisons not statistically significant.
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Table 1

Baseline characteristics of participants by oral estrogen use.*

Characteristic No Estrogen Use
(N=382)

Oral Estrogen Use at
Baseline and 1-year

(N=324)

p-value

Demographics

Age (years) 59 (9) 57 (8) 0.0003

Race/ethnicity (%)

   Non-Hispanic white 53 66 0.001

   African-American 28 16

   Hispanic 16 13

   Asian 3 4

Type of menopause (%)

   Bilateral oophorectomy 19 42 <0.0001

   Natural menopause 67 39

   Age ≥55 years and hysterectomy 13 19

Anthropometrics and sex hormones

Baseline weight (kg) 91 (19.7) 87.6 (17.8) 0.038

Baseline waist circumference (cm) 104 (14) 101 (14) 0.003

Baseline follicle stimulating hormone (IU/l)† 55.3 (26.6) 34.8 (22.5) <0.0001

Baseline sex hormone binding globulin (nM/l)† 33.2 (18.3) 85.3 (77.0) <0.0001

Baseline dehydroepiandrosterone (ng/ml)† 1.6 (1.3) 1.3 (1.2) 0.01

Baseline total estradiol (pg/ml)† 8.5 (8.0) 17.6 (14.8) <0.0001

Baseline total testosterone (pg/ml)† 14.0 (13.0) 15.0 (11.0) 0.44

Blood pressure

Baseline hypertension (%)‡ 34 33 0.82

Baseline blood pressure medication use (%) 18 21 0.25

Baseline systolic blood pressure (mmHg) 128 (16) 126 (15) 0.04

Baseline diastolic blood pressure (mmHg) 77 (9) 77 (9) 0.33

*
Means (standard deviation) or percentages shown unless otherwise indicated.

†
Median (interquartile range).

‡
Hypertension is defined as systolic blood pressure ≥ 140 mmHg at baseline OR diastolic blood pressure ≥ 90 mmHg at baseline OR use of blood

pressure medication at baseline.
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Table 2

Changes in weight, waist circumference, and sex hormone levels among hormone users and non-users by

lifestyle change (ILS), metformin, and placebo arm.*

Characteristic No Estrogen Use
N=382

Oral Estrogen Use
at Baseline and at

1-year (N=324)

p-value for interaction
between estrogen use
and intervention arm

Change in weight (kg)

   ILS −6.5 (−7.5, −5.5) −7.0 (−8.1, −5.9) 0.22

   Metformin −3.2 (−4.2, −2.3) −2.8 (−3.5, −2.0) 0.81

   Placebo −0.9 (−1.6, −0.3) −0.3 (−1.3, 0.8)

p-value for ILS vs. placebo <0.0001 <0.0001

p-value for metformin vs. placebo =0.0001 =0.0001

Change in waist circumference (cm)

   ILS −6.5 (−7.5, −5.4) −6.0 (−7.3, −4.8) 0.70

   Metformin −3.0 (−3.9, −2.0) −2.1 (−3.2, −1.0) 0.97

   Placebo −1.3 (−2.2, −0.3) −0.4 (−1.5, 0.8)

p-value for ILS vs. placebo <0.0001 <0.0001

p-value for metformin vs. placebo 0.01 0.03

Change in sex hormone binding globulin (nmol/l)

   ILS 10.4 (7.3, 13.5) 16.8 (8.8, 24.8) 0.94

   Metformin 1.4 (−1.7, 4.4) 15.1 (8.0, 22.1) 0.21

   Placebo 0.1 (−3.1, 3.4) 6.1 (−4.8, 17.0)

p-value for ILS vs. placebo <0.0001 0.12

p-value for metformin vs. placebo 0.58 0.17

Change dehydroepiandrosterone (ng/ml)

   ILS −0.3 (−0.5, −0.1) −0.3 (−0.5, −0.1) 0.22

   Metformin −0.2 (−0.4, 0.01) −0.2 (−0.5, −0.02) 0.23

   Placebo 0.0 (−0.2, 0.2) −0.2 (−0.5, −0.1)

p-value for ILS vs. placebo 0.03 0.67

p-value for metformin vs. placebo 0.18 0.62

Change in total estradiol (pg/ml)

   ILS −5.4 (−8.9, −1.9) −3.1 (−9.1, 2.8) 0.22

   Metformin −1.9 (−6.0, 2.3) −5.1 (−9.7, −0.4) 0.02

   Placebo −9.1 (−16.7, −1.5) −0.3 (−4.7, 4.2)

p-value for ILS vs. placebo 0.38 0.45

p-value for metformin vs. placebo 0.10 0.15

Change in total testosterone (pg/ml)

   ILS −3.3 (−12.1, 5.3) −7.6 (−20.9, 5.6) 0.76

   Metformin −1.1 (−4.3, 2.0) −1.6 (−13.3, 10.2) 0.91

   Placebo −2.0 (−8.8, 4.8) −3.5(−9.6, 2.6)

p-value for ILS vs. placebo 0.81 0.57

p-value for metformin vs. placebo 0.82 0.77

*
Means (95% confidence intervals) or percentages shown unless otherwise indicated.
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