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Effects of Oral vs Transdermal Estrogen Therapy on Sexual
Function in Early Postmenopause
Ancillary Study of the Kronos Early Estrogen Prevention Study
(KEEPS)
Hugh S. Taylor, MD; Aya Tal, PhD; Lubna Pal, MD; Fangyong Li, MPH; Dennis M. Black, MD; Eliot A. Brinton, MD; Matthew J. Budoff, MD;
Marcelle I. Cedars, MD; Wei Du, MS; Howard N. Hodis, MD; Rogerio A. Lobo, MD; JoAnn E. Manson, MD, DrPH; George R. Merriam, MD;
Virginia M. Miller, PhD; Frederick Naftolin, MD; Genevieve Neal-Perry, MD, PhD; Nanette F. Santoro, MD; Sherman M. Harman, MD, PhD

IMPORTANCE Sexual dysfunction, an important determinant of women’s health and quality of
life, is commonly associated with declining estrogen levels around the menopausal transition.

OBJECTIVE To determine the effects of oral or transdermal estrogen therapy vs placebo on
sexual function in postmenopausal women.

DESIGN, SETTING, AND PARTICIPANTS Ancillary study of the Kronos Early Estrogen Prevention
Study (KEEPS), a 4-year prospective, randomized, double-blinded, placebo-controlled trial of
menopausal hormone therapy in healthy, recently menopausal women. Of 727 KEEPS
enrollees, 670 agreed to participate in this multicenter ancillary study. Women were 42 to 58
years old, within 36 months from last menstrual period. Data were collected from July 2005
through June 2008 and analyzed from July 2010 through June 2017.

INTERVENTIONS Women were randomized to either 0.45 mg/d oral conjugated equine
estrogens (o-CEE), 50 μg/d transdermal 17β-estradiol (t-E2), or placebo. Participants also
received 200 mg oral micronized progesterone (if randomized to o-CEE or t-E2) or placebo (if
randomized to placebo estrogens) for 12 days each month.

MAIN OUTCOMES AND MEASURES Aspects of sexual function and experience (desire, arousal,
lubrication, orgasm, satisfaction, and pain) were assessed using the Female Sexual Function
Inventory (FSFI; range, 0-36 points; higher scores indicate better sexual function). Low
sexual function (LSF) was defined as an FSFI overall score of less than 26.55. Distress related
to low FSFI score (required for the diagnosis of sexual dysfunction) was not evaluated.

RESULTS The 670 participants had a mean (SD) age of 52.7 (2.6) years. The t-E2 treatment
was associated with a significant yet moderate improvement in the FSFI overall score across
all time points compared with placebo (average efficacy, 2.6; 95% CI, 1.11-4.10; adjusted
P = .002). With o-CEE treatment, there was no significant difference in FSFI overall score
compared with placebo (mean efficacy, 1.4; 95% CI, −0.1 to 2.8; adjusted P = .13). There was
no difference in FSFI overall score between the t-E2 and o-CEE groups on average across 48
months (adjusted P = .22). In the individual domains of sexual function, t-E2 treatment was
associated with a significant increase in mean lubrication (0.61; 95% CI, 0.25-0.97; P = .001)
and decreased pain (0.67; 95% CI, 0.25-1.09; P = .002) compared with placebo. Overall, the
proportion of women with LSF was significantly lower after t-E2 treatment compared with
placebo (67%; 95% CI, 55%-77% vs 76%; 95% CI, 67%-83%; P = .04). For o-CEE there was
no significant reduction in the odds of LSF.

CONCLUSIONS AND RELEVANCE Treatment with t-E2 modestly improved sexual function in
early postmenopausal women, but whether it relieved symptoms of distress is not known.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00154180

JAMA Intern Med. doi:10.1001/jamainternmed.2017.3877
Published online August 28, 2017.
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H ypoestrogenemia is the endocrine hallmark of meno-
pause and is characterized by 5- to 10-fold reduction
in circulating levels of estradiol (E2).1 Over time, low

E2 levels result in vaginal dryness and dyspareunia, often ac-
companied by symptoms of vulvovaginal atrophy.2 These
symptoms significantly contribute to the increased inci-
dence of sexual disorders in menopausal women.3-5 Estradiol
is also a modulator of serotonergic function, affecting re-
gions of the brain known to regulate mood and desire, which
may have direct or indirect effects on sexual function.1,6 At least
23% of naturally menopausal women are distressed by their
low sexual desire,7 whereas midlife women with higher lev-
els of enjoyment from sexual activity experience a higher sense
of purpose in life.8 The US Food and Drug Administration
has recently identified female sexual dysfunction (FSD) as a
serious condition with unmet needs as part of its program on
patient-oriented drug development.9

A recent meta-analysis revealed that treatment with es-
trogens alone or in combination with progestogens was asso-
ciated with a small to moderate improvement in sexual func-
tion relative to placebo (particularly in pain), when used in
women with menopausal symptoms or in early postmeno-
pause (ie, within 5 years of amenorrhea).10 However, the analy-
sis did not stratify by the route or composition of estrogens
used. We hypothesized that transdermal estradiol (t-E2) might
be more effective for treatment of se xual dysfunction in meno-
pausal women than oral estrogens due to pharmacokinetics
that result in an E2 to estrone ratio that approximates that seen
prior to menopause.11 Indeed, plasma concentration of free E2

with t-E2 use is twice that seen with oral formulations.12

The Kronos Early Estrogen Prevention Study (KEEPS) is a
randomized, double-blinded, placebo-controlled trial origi-
nally designed to test whether estrogen treatment reduces pro-
gression of atherosclerosis when initiated within 36 months
of the last menstrual period.13 In KEEPS, transdermal 17β-
estradiol (t-E2) was directly compared with oral conjugated
equine estrogen (o-CEE) to determine whether both have
equivalent effects on menopause-associated symptoms.14 The
ancillary KEEPS–sexual study examined changes in sexual
function over time in recently postmenopausal women ran-
domized to either o-CEE or t-E2 for 4 years.

Methods
Menopausal women from 9 recruitment sites across the United
States participated in KEEPS. They were within 3 years of their
final menstrual period, and all provided written informed con-
sent. Institutional review boards at participating sites ap-
proved the study procedures. A detailed description of recruit-
ment, participating clinical centers, inclusion and exclusion
criteria, safety monitoring, and randomization and blinding pro-
tocols for KEEPS has been published.15-17 (See Supplement 1 for
the Trial Protocol.) In brief, eligible women were between 42 and
58 years of age and at least 6 months and no more than 36
months from last menstrual period, with plasma follicle-
stimulating hormone level at least 35 mIU/mL (to convert to IU
per liter, multiply by 1.0) and/or E2 levels less than 40 pg/mL

(to convert to picomoles per liter, multiply by 3.671). Women ex-
cluded from the study were those who had undergone hyster-
ectomy or surgically induced menopause; abnormal mammo-
gram result; severe psychiatric illness including untreated major
depression; a history of clinical cardiovascular disease includ-
ing myocardial infarction, angina, congestive heart failure, or
thromboembolic disease; those with coronary artery calcifica-
tion with Agatston score at least 50 U (indicating significant sub-
clinical coronary artery disease); as well as current moderate or
heavy smoking (>10 cigarettes/d by self-report), severe obe-
sity (body mass index [BMI, calculated as weight in kilograms
divided by height in meters squared] >35), dyslipidemia (low-
density lipoprotein cholesterol >190 mg/dL [to convert to mil-
limoles per liter, multiply by 0.0259]), hypertriglyceridemia
(triglycerides >400 mg/dL [to convert to millimoles per liter,
multiply by 0.0113]), uncontrolled hypertension (systolic blood
pressure >150 mm Hg and/or diastolic blood pressure >95 mm
Hg), or fasting glucose level greater than 126 mg/dL (to convert
to millimoles per liter, multiply by 0.0555).

Eligible KEEPS participants were randomized in a ratio of
4:4:5 to either oral o-CEE, 0.45 mg/d and placebo patches with
micronized progesterone, 200 mg, for 12 days each month; t-E2,
50 μg/d and placebo pills with micronized progesterone, 200
mg, for 12 days each month; or placebo pills and patches. The
administered dose of 50 μg/d t-E2 was found to be equivalent
to 0.3 to 0.625 mg/d o-CEE with regard to changes in urinary
calcium excretion, vaginal epithelial maturation, and symp-
tom relief; 0.45 mg/d o-CEE was chosen to approximate the
equivalent dose and allow adequate symptom relief.17,18

Sexual function data were collected at 4 of the parent study
visits: baseline and months 18, 36, and 48. Sex hormone–binding
globulin (SHBG) levels were assayed at baseline and 36 and 48
months.19 Participants completed the Female Sexual Function
Inventory (FSFI) questionnaire, a validated tool assessing the
key dimensions of sexual function along 6 domains of sexual
function, including desire, arousal, lubrication, orgasm, satis-
faction, and pain.20,21 In brief, each domain has a score range
that, when multiplied by a domain-specific factor, gives the in-
dividual domain score. The overall FSFI scale score equals the
sum of the 6 domain scores, with higher scores reflecting better
sexualfunction(rangeoftotalFSFIscore,0-36).AlthoughanFSFI
overall score of less than 26.55 has been found to be the optimal
cutoff score for identifying women (age range, 18-74 years) with
sexual dysfunction,22 the Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition) requires sexual symptoms

Key Points
Question What are the effects of transdermal or oral estrogen
therapy on sexual function in recently postmenopausal women
over time?

Findings In this ancillary study of a randomized clinical trial that
included 670 healthy menopausal women within 3 years of their
last menstrual period, transdermal estradiol improved overall
sexual function score compared with placebo.

Meaning Transdermal estradiol therapy may improve sexual
function in postmenopausal women with low sexual function.
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to be associated with clinically significant distress as a diag-
nostic criterion.9,23 Because we did not evaluate distress, we
defined overall FSFI score of less than 26.55 as low sexual
function (LSF) rather than sexual dysfunction.

Statistical Analysis
Descriptive analyses using χ2 tests and analysis of covariance
were conducted to compare the participants’ demographic and
clinical characteristics at baseline. Mixed model repeated-
measures analysis was used primarily to evaluate the efficacy
of treatments. The approach proposed by Fitzmaurice
et al24(pp126-132) was used. Unstructured covariance matrix was
used to account for the correlation between repeated assess-
ments within the same individual. Time and group interaction
was included as the main effect. Linear contrasts were per-
formed to compare the change from baseline at each time point
across groups. The advantage of this approach included the use
of maximum likelihood method for statistical efficiency and the
capacity to use all available data to handle missing values un-
der missing at random assumption.25 Duration of menopause
prior to enrollment, age at enrollment, history of menopausal
hormone treatment, education, ethnicity, and income were in-
cluded in covariate adjustment because those variables are either
conceptual confounders or associated with missing data. The
FSFI overall score was the primary end point, whereas the 6 sub-
scales of FSFI and SHBG level served as secondary outcomes.
The primary analyses evaluated the overall efficacy of o-CEE
and t-E2 in improving FSFI overall score compared with pla-
cebo and the efficacy of o-CEE compared with t-E2. Bonferroni
correction was used to control for these comparisons. There-
fore, the original P values were multiplied by 3 to control for type
I error rate for primary efficacy test and denoted as adjusted P
values. The supportive analyses were conducted using the same
approach for 6 domains of the FSFI. In addition, participants
were classified as either having or not having LSF dichoto-
mized at an FSFI score of 26.55.20,21 The change in likelihood
of FSD was analyzed using mixed-effect logistic regression analy-
sis adjusting for individual baseline FSD status. The overall pro-
portion of LSF and 95% confidence interval were estimated as
supportive evidence secondary to the efficacy test on the pri-
mary outcome. Moderation of the treatment effect by baseline
characteristics was also evaluated to identify subgroups that may
benefit most from the treatment. All the supportive and explor-
atory analyses used 2-sided P < .05 as significance level. SAS,
version 9.4 (SAS Institute), was used to perform the statistical
analysis.

Results
The trial began in July 2005, with complete enrollment of 727
participants in the parent trial by June 2008. Data collection
concluded by March of 2012. Six hundred seventy of the 727
KEEPS enrollees agreed to participate in the sexual function
ancillary study (n = 209 in the o-CEE group, n = 204 in the t-E2

group, and n = 257 in the placebo group). Figure 1 displays the
ancillary study’s CONSORT flow diagram. Participant demo-
graphic characteristics for the KEEPS–sexual study popula-

tion are presented in Table 1. No significant differences were
observed in baseline characteristics among the groups. There
were also no significant differences between the treatment
groups in the scores for each individual sexual function
domain nor in the overall sexual function score or in SHBG lev-
els at baseline. Last, FSFI overall and subdomain scores, as well
as SHBG levels, were comparable at baseline across the 3 treat-
ment groups when participants were stratified by LSF (Table 2).

Significant improvements were observed in FSFI overall
scores for participants who received o-CEE and t-E2 treat-
ment compared with those who received placebo. We also ob-
served significant improvement in all subdomain scores at 18
months in the t-E2 treatment group (Figure 2 and eTable in
Supplement 2).

FSFI Overall Score
The mean FSFI overall score moderately yet significantly in-
creased by 2.6 points (95% CI, 1.1 to 4.1; adjusted P = .002) from
baseline in the t-E2 treatment group compared with that in pla-
cebo on average across 48 months, which corresponds to a 7.2%
improvement over placebo on the FSFI range of 36 points. The
mean FSFI overall score increased with t-E2 treatment rela-
tive to placebo, with consistent effect size of 2.9, 2.1, and 2.8
points at 18, 36, and 48 months, respectively (P = .001, .02, and
.005, respectively; P = .63 for difference among visits), al-
though in both the t-E2 and placebo groups the mean abso-
lute FSFI score trended downward over time (Figure 2A and
eTable in Supplement 2). With o-CEE treatment, the mean over-
all FSFI score increased by 1.4 points compared with placebo
(95% CI, −0.1 to 2.8; adjusted P = .13), a 3.9% improvement.
However, the increase peaked at 36 months (mean, 2.3 points;
95% CI, 0.6 to 4.1; P = .008), returning to baseline levels at 48
months (mean change from baseline, −0.3; 95% CI, −1.7 to 1.1;
P = .70).

Figure 1. CONSORT Flow Diagram of the Ancillary Kronos Early Estrogen
Prevention Study (KEEPS)–Sexual Study

4532 Women telephone screened

230 Allocated to oral
conjugated equine
estrogens

222 Allocated to
transdermal
17β-estradiol 

275 Allocated to
placebo

209 Agreed to
participate in
KEEPS-sexual study

204 Agreed to
participate in
KEEPS-sexual study

257 Agreed to
participate in
KEEPS-sexual study

3805 Excluded
2811 Not eligible
994 Declined to participate

176 At 18 months
173 At 36 months
167 At 48 months

158 At 18 months
163 At 36 months
161 At 48 months

212 At 18 months
206 At 36 months
208 At 48 months

727 KEEPS participants randomized

Numbers indicate the number of enrolled KEEPS participants completing the
Female Sexual Function Inventory questionnaire at that time point.
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Table 1. Participant Demographic Characteristics at Randomization

Characteristic

Treatment (N = 670)

P Value
o-CEE
(n = 209)

t-E2
(n = 204)

Placebo
(n = 257)

Age, mean (SD), y 52.8 (2.6) 52.7 (2.6) 52.5 (2.5) .37

Time from last menstrual period to
randomization, mean (SD), d

654.7 (306.3) 668.7 (263.2) 639.3 (284.6) .54

Baseline sexual domain scores,
mean (SD)

Desire 2.7 (1.1) 2.6 (1.2) 2.6 (1.2) .46

Arousal 2.8 (2.0) 2.7 (2.0) 2.8 (2.0) .70

Lubrication 2.9 (2.2) 2.8 (2.3) 3.0 (2.2) .54

Pain reduction 3.1 (2.6) 2.9 (2.6) 3.1 (2.6) .68

Orgasm 3.0 (2.2) 2.8 (2.4) 3.0 (2.2) .68

Satisfaction 3.4 (1.7) 3.4 (1.7) 3.5 (1.7) .62

Female Sexual Function
Inventory

19.1 (9.5) 18.4 (10.2) 19.1 (9.6) .70

Sex hormone–binding globulin
level

62.3 (28.8) 62.7 (29.8) 58.9 (28.0) .28

Hormone use, No. (%)

Never 155 (74.2) 168 (82.4) 207 (80.5)
.10

Past/current 54 (25.8) 36 (17.6) 50 (19.5)

Smoking, No. (%)

Yes 46 (22.0) 42 (20.6) 58 (22.6)
.87

No 163 (78.0) 162 (79.4) 199 (77.4)

Education, No. (%)

College and above 151 (72.2) 154 (75.5) 185 (72.0)
.58

Others 58 (27.8) 50 (24.5) 72 (28.0)

Ethnicity, No. (%)

White 164 (78.5) 155 (76.0) 198 (77.0)

.83
African American 14 (6.7) 14 (6.9) 21 (8.2)

Hispanic 15 (7.2) 14 (6.9) 19 (7.4)

Others 16 (7.7) 21 (10.3) 19 (7.4)

Household income, No. (%), $

<20 000 3 (1.4) 3 (1.5) 8 (3.1)

.85

20 000-40 000 15 (7.2) 15 (7.4) 11 (4.3)

40 000-60 000 21 (10.0) 21 (10.3) 26 (10.1)

60 000-100 000 31 (14.8) 27 (13.2) 36 (14.0)

>100 000 35 (16.7) 32 (15.7) 49 (19.1)

Not answered 104 (49.8) 106 (52.0) 127 (49.4)

Marital status, No. (%)

Married or partner 147 (70.3) 127 (62.3) 179 (69.6)
.14

Others 62 (29.7) 77 (37.7) 78 (30.4)

Menopausal Symptoms

Depressive symptoms

None 127 (60.8) 127 (62.3) 164 (63.8)

.90Mild 60 (28.7) 60 (29.4) 72 (28.0)

Moderate to severe 22 (10.5) 17 (8.3) 21 (8.2)

Insomnia

None 68 (32.5) 73 (35.8) 83 (32.3)

.40Mild 80 (38.3) 60 (29.4) 87 (33.9)

Moderate to severe 61 (29.2) 71 (34.8) 87 (33.9)

Irritability

None 85 (40.7) 88 (43.1) 105 (40.9)

.74Mild 87 (41.6) 78 (38.2) 113 (44.0)

Moderate to severe 37 (17.7) 38 (18.6) 39 (15.2)

(continued)
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There was no difference in effect on FSFI with t-E2 com-
pared with o-CEE (adjusted P = .22). However, at 18 months
the t-E2 group improved by a mean of 2.1 points more than the
o-CEE group (95% CI, 0.3-4.0; P = .02). Finally, there was little
change in treatment efficacy and in the differences between
the estrogen groups after controlling for changes in hot flashes
at the time points examined (36 and 48 months; data not
shown).

FSFI Subscales for 6 Domains
Changes in scores for the 6 domains of the FSFI are shown in
Figure 2B-G. The least-square means and 95% confidence in-
tervals are presented in the eTable in Supplement 2. Com-
pared with placebo, the t-E2 group showed significant improve-
ments in desire, arousal, orgasm, and satisfaction scores at 18
months (P < .001, P = .02, P = .04, and P = .02, respectively), and
significant improvements in scores for lubrication and pain at

Table 2. Sexual Function Domain and Female Sexual Function Inventory (FSFI) Scores at Baseline in Participants
With and Without Low Sexual Function (LSF)a

LSF No.b

Mean (SD)

Desire Arousal Lubrication Pain Reduction Orgasm Satisfaction FSFI
No

o-CEE 50 3.8 (0.8) 5.0 (0.8) 5.1 (1.1) 5.7 (0.7) 5.2 (0.8) 5.2 (0.8) 30.1 (2.5)

t-E2 53 3.7 (1.2) 5.1 (0.6) 5.4 (0.7) 5.4 (1.0) 5.3 (1.0) 5.2 (0.9) 30.1 (2.5)

Placebo 61 3.9 (1.0) 5.0 (0.8) 5.1 (1.0) 5.7 (0.5) 5.2 (0.9) 5.4 (0.7) 30.3 (2.4)

P value .64 .63 .22 .08 .75 .62 .93

Yes

o-CEE 140 2.4 (0.9) 2.4 (1.7) 2.5 (2.0) 2.5 (2.4) 2.5 (2.0) 2.7 (1.4) 15.1 (7.8)

t-E2 129 2.2 (1.0) 2.0 (1.6) 2.1 (1.9) 2.3 (2.4) 2.2 (2.0) 2.7 (1.4) 13.5 (7.9)

Placebo 173 2.3 (0.9) 2.3 (1.7) 2.6 (2.0) 2.6 (2.4) 2.5 (2.0) 2.9 (1.4) 15.1 (8.0)

P value .10 .12 .08 .69 .30 .32 .14

Abbreviations: o-CEE, oral conjugated equine estrogens; t-E2, transdermal
17β-estradiol.
a Low sexual function was defined as FSFI score less than 26.55.

b Because 64 participants were missing scores for 1 or 2 domains, their baseline
LSF status was not determined.

Table 1. Participant Demographic Characteristics at Randomization (continued)

Characteristic

Treatment (N = 670)

P Value
o-CEE
(n = 209)

t-E2
(n = 204)

Placebo
(n = 257)

Hot flashes

None 37 (17.7) 28 (13.7) 31 (12.1)

.41Mild 80 (38.3) 90 (44.1) 107 (41.6)

Moderate to severe 92 (44.0) 86 (42.2) 119 (46.3)

Mood swings

None 87 (41.6) 90 (44.1) 108 (42.0)

.92Mild 90 (43.1) 79 (38.7) 108 (42.0)

Moderate to severe 32 (15.3) 35 (17.2) 41 (16.0)

Night sweats

None 74 (35.4) 65 (31.9) 79 (30.7)

.48
Mild 61 (29.2) 74 (36.3) 85 (33.1)

Moderate 58 (27.8) 47 (23.0) 77 (30.0)

Severe 16 (7.7) 18 (8.8) 16 (6.2)

Heart palpitations

None 143 (68.4) 151 (74.0) 183 (71.2)

.36Mild 52 (24.9) 46 (22.5) 55 (21.4)

Moderate to severe 14 (6.7) 7 (3.4) 19 (7.4)

Vaginal dryness

None 85 (40.7) 83 (40.7) 95 (37.0)

.70
Mild 68 (32.5) 70 (34.3) 88 (34.2)

Moderate 39 (18.7) 35 (17.2) 59 (23.0)

Severe 17 (8.1) 16 (7.8) 15 (5.8)

Abbreviations:
o-CEE, oral conjugated equine
estrogens; t-E2, transdermal
17β-estradiol.
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all 3 time points. The t-E2 group also showed improved scores
relative to the o-CEE group in the domains of desire and arousal,
but only at 18 months (P = .01 and .002, respectively). Treat-
ment with o-CEE demonstrated fewer significant improve-
ments relative to placebo.

SHBG Levels
Because SHBG levels were available only at baseline and 36 and
48 months, analysis was limited to these time points. As ex-
pected, SHBG levels were stable over time in the placebo and
t-E2–treated groups with no significant differences in the lev-
els between these 2 groups (Figure 2H and eTable in
Supplement 2). Conversely, SHBG levels significantly in-
creased with o-CEE treatment relative to both baseline and the
other treatment groups at 36 and 48 months (P < .001), al-
though it declined significantly from 36 to 48 months (mean,
7.5; 95% CI, 4.3-10.6 nmol/L).

Low Sexual Function
At baseline, the prevalence of LSF was 74% (140 of 190), 71%
(129 of 182), and 74% (173 of 234) among the o-CEE, t-E2, and
placebo groups, respectively (P = .76) (Table 2). Only t-E2 treat-
ment significantly reduced the overall rate of LSF compared
with placebo (adjusted rate, 67%; 95% CI, 55%-77% vs 76%;
95% CI, 67%-83%; P = .04).

Low sexual function was the only baseline characteristic that
affected overall t-E2 treatment efficacy. The overall mean effect
of t-E2 treatment on FSFI scores compared with placebo was 3.7
points (95% CI, 2.0-5.4) for women with LSF at baseline (P <
.001). In contrast, the effect was −0.2 points (95% CI, −3.0 to 2.6;
P = .88) for women without LSF at baseline. The P value for in-
teraction was .02 (Figure 3), indicating the significant effect
modification by baseline LSF status. Similarly, the overall o-CEE
effect on FSFI score was significant only in the LSF subgroup (2.1
points; 95% CI, 0.5 to 3.7; P = .01 vs −0.3 points; 95% CI, −3.1 to

Figure 2. Mean Change From Baseline Over Time in the Different Sexual Function Domains, Overall Female Sexual Function Inventory (FSFI) Score,
and Sex Hormone–Binding Globulin (SHBG) Levels
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2.4; P = .81 for women without LSF). However, the difference
was not statistically significant (P = .14 for interaction).

Discussion
The importance of the sexual function ancillary study of KEEPS
is due to its ability to discern the effects of treatment with t-E2

vs o-CEE on multiple domains of female sexual function, as well
as on LSF in recently postmenopausal women. Symptoms re-
lated directly to tissue effects of estrogens on the reproductive
tract, such as lubrication and pain on penetration, demon-
strated a progressive exacerbation with time in the untreated
group and were alleviated with the use of t-E2 across all time
points. The more subjective domains of desire, arousal, or-
gasm, and sexual satisfaction demonstrated a relatively steady
state over time in the untreated group and were improved only
at 18 months of treatment with t-E2. This may suggest that the
effect of t-E2 on psychological aspects of the sexual response is
independent from its effect on physiological aspects. Simi-
larly, the overall improvement in FSFI in the o-CEE–treated
group at 36 months appears to be predominantly due to signifi-
cant improvements in the physical aspects of sexual function
(lubrication and pain), although not in libido-related aspects.

The degree of improvement in FSFI that was observed with
t-E2 use may be clinically meaningful. Temporally, t-E2 ap-
pears to be effective earlier than o-CEE (a mean of 2.1 points at
18 months, which corresponds to 11.6% difference in improve-
ment in FSFI score) and last longer (a mean of 1.8 points better
at 48 months, a 10.3% difference). This efficacy may be due to
consistently elevated E2 levels detected in t-E2–treated KEEPS
participants relative to placebo and to o-CEE–treated women.19

Still, at 36 months, there was no significant difference in im-
provement between the 2 treatment arms.

While the treatment efficacy of t-E2 was limited to women
with LSF, this population made up the majority of healthy
menopausal women in the KEEPS cohort. Women with LSF
may have been motivated to enroll in a trial of hormone therapy

based on previously reported benefits of hormone therapy for
treatment of LSF, thus increasing the proportion of women in
the trial with LSF. In addition, our definition of LSF was based
entirely on an FSFI score of less than 26.55. Because we did
not collect information on distress related to sexual function,
which is required for the diagnosis of LSF, the proportion of
women in the general population with LSF may be much
lower.26 Women without preexisting LSF based on the FSFI in
KEEPS showed a gradual decline in sexual function after meno-
pause independent of treatment regimen. While women with
LSF at baseline benefited from menopausal hormone therapy,
those without dysfunction did not appear to experience
improved sexual function, an FSFI threshold-dependent
improvement that was not previously explored.

Estrogen therapy alleviates menopause-related symp-
toms, including hot flashes, night sweats, palpitations, insom-
nia, irritability, and vaginal atrophy.27,28 The presence of hot
flashes has previously been associated with poor sexual
function.29-32 We therefore sought to explore whether allevia-
tion of these symptoms over time significantly improves sexual
function. Controlling for changes in hot flashes, however, did
not significantly affect changes in FSFI overall score nor group
comparisons, suggesting that symptoms relief following treat-
ment does not significantly contribute to the improvements
observed in sexual function.

The lack of improvement with o-CEE treatment in libido-
related domains of desire and arousal relative to placebo is in
accord with the association of hepatic induction of SHBG (me-
diated by oral estrogens), resultant decline in free (bioavail-
able) androgens, and decreasing libido in postmenopausal
women.33-36 In contrast, physical symptoms of lubrication and
pain seem unmitigated by the increase in SHBG levels. We there-
fore conclude that potential reduction in the bioavailability of
testosterone may only explain the lower efficacy of o-CEE rela-
tive to t-E2 in libido-associated domains but cannot account for
variations in physical aspects of sexual function. In support,
modest improvements in the physical aspects of sexual func-
tion in postmenopausal women treated with low-dose t-E2 were
unaffected by endogenous testosterone levels.37

Limitations
Advantages of the ancillary KEEPS–sexual study include the
large sample size and randomized placebo-controlled design
of the trial, as well as the unique nature of the studied popu-
lation (menopausal women within 3 years of onset of meno-
pause), the latter minimizing potential confounders related to
aging that have previously been shown to be associated with
sexual dysfunction.38-41 Limitations include the restricted gen-
eralizability of the findings to other ethnic groups or to women
with a lower educational level and socioeconomic status be-
cause the KEEPS population is composed predominantly of
white women of a higher educational background than the gen-
eral US population.

Furthermore, although relationship change is known to
affect sexual function at the menopause transition,42,43 fol-
low-up measures of partner status were not available for our
cohort, precluding analysis of the effect of change of partner
status on the efficacy of hormone treatment. Moreover, this

Figure 3. Treatment Effect Stratified by Baseline Low Sexual Function
(LSF) Status
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study did not account for lack of sexual activity, as well as
women who prefer forms of sexual activity other than
penetrative intercourse, which in both cases may lead to un-
derestimation of FSFI overall score.

Another potential limitation is the cutoff score used to de-
fine LSF that is validated for women aged 18 to 74 years.22

Therefore, additional measures, such as distress associated
with sexual function (ie, through the Female Sexual Distress
Scale44) or a clinical interview by a trained expert in sexual
function may have been informative, as they can potentially
“correct” for the FSFI score defining sexual dysfunction in early
postmenopausal women. Although the latter would have also
allowed for a clinical diagnosis of sexual dysfunction, it is not
practical in a large clinical trial in which sexual function is just
one of many end point measures. Finally, assessing symp-

toms of vulvovaginal atrophy (ie, dryness and dyspareunia)
could have confirmed the improvement observed in the physi-
cal aspects of sexual function and put them in a clinically rel-
evant context.

Conclusions
In summary, in a randomized clinical trial of hormone therapy
in early postmenopausal women, treatment with t-E2 pro-
vided modest benefits for sexual function. The efficacy of
o-CEE treatment seemed to be less than that of t-E2, espe-
cially in the subgroup of women with LSF, although there was
no statistically significant difference between the hormone
groups on overall sexual function.

ARTICLE INFORMATION

Accepted for Publication: June 22, 2017.

Published Online: August 28, 2017.
doi:10.1001/jamainternmed.2017.3877

Author Affiliations: Obstetrics, Gynecology and
Reproductive Sciences, Yale School of Medicine,
New Haven, Connecticut (Taylor, Tal, Pal); Yale
Center for Analytical Sciences, Yale University
School of Public Health, New Haven, Connecticut
(Li, Du); Epidemiology and Biostatistics, University
of California at San Francisco (Black); Utah
Foundation for Biomedical Research, Salt Lake City
(Brinton); Division of Cardiology, Los Angeles
Biomedical Research Institute at Harbor–UCLA
Medical Center, Torrance, California (Budoff);
Obstetrics and Gynecology, University of California
at San Francisco (Cedars); Atherosclerosis Research
Unit, University of Southern California, Los Angeles
(Hodis); Obstetrics and Gynecology, Columbia
University College of Physicians and Surgeons, New
York, New York (Lobo); Division of Preventive
Medicine, Brigham and Women’s Hospital, Harvard
Medical School, Boston, Massachusetts (Manson);
Veterans Affairs Puget Sound Health Care System,
Tacoma, Washington (Merriam); Division of
Metabolism, Endocrinology and Nutrition,
University of Washington, Tacoma (Merriam);
Department of Surgery, Mayo Clinic, Rochester,
Minnesota (Miller); Department of Physiology and
Biomedical Engineering, Mayo Clinic, Rochester,
Minnesota (Miller); Obstetrics and Gynecology,
New York University School of Medicine, New York
(Naftolin); Division of Reproductive Endocrinology
and Infertility, University of Washington Medical
School, Seattle (Neal-Perry); Obstetrics and
Gynecology, University of Colorado School of
Medicine, Aurora (Santoro); Kronos Longevity
Research Institute, Phoenix, Arizona (Harman);
Division of Endocrinology, Phoenix Veterans Affairs
Medical Center, Phoenix, Arizona (Harman).

Author Contributions: Drs Taylor and Black had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Taylor, Pal, Black, Cedars,
Lobo, Manson, Miller, Naftolin, Neal-Perry, Santoro,
Harman.
Acquisition, analysis, or interpretation of data:
Taylor, Tal, Pal, Li, Black, Brinton, Budoff, Cedars,
Du, Hodis, Lobo, Manson, Miller, Neal-Perry,
Santoro, Harman.

Drafting of the manuscript: Tal, Pal, Li, Black, Du,
Neal-Perry, Santoro.
Critical revision of the manuscript for important
intellectual content: Taylor, Tal, Pal, Black, Brinton,
Budoff, Cedars, Hodis, Lobo, Manson, Miller,
Naftolin, Santoro, Harman.
Statistical analysis: Li, Black, Du.
Obtained funding: Black, Naftolin, Santoro, Harman.
Administrative, technical, or material support: Pal,
Black, Budoff, Cedars, Hodis, Lobo, Manson, Miller,
Neal-Perry, Santoro, Harman.
Study supervision: Taylor, Brinton, Budoff, Manson,
Miller, Neal-Perry, Santoro.

Conflict of Interest Disclosures: Dr Taylor reports
grant support from Pfizer through Yale University
and consultation fees from Pfizer. Dr Pal reports
personal fees from Merck. Dr Lobo reports
consultation fees from Pfizer, Amigen, Teva and
grant support from TherapeuticsMD. Dr Black
reports grant and personal fees from Novartis,
personal fees from Merck, Amgen, and Eli Lilly,
outside the present work. Dr Brinton reports
personal fees from Alexion, Amarin, Amgen, Aralez,
Janssen, Kowa, Merck, Regeneron, Sanofi Aventis,
and Takeda. Dr Santoro reports
investigator-initiated grant support from Bayer, Inc,
and stock options in Menogenix, outside the
present work. No other disclosures are reported.

Funding/Support: KEEPS was funded by grants
from the Aurora Foundation to the Kronos
Longevity Research Institute; the National
Institutes of Health (grant HL90639 to Dr Miller);
Mayo Clinic Clinical and Translational Science Award
UL1 RR024150; the Mayo Foundation; Brigham and
Women’s Hospital/Harvard Medical School Clinical
and Translational Science Award UL1 RR024139;
and the University of California, San Francisco,
Clinical and Translational Science Award UL1
RR024131 from the National Center for Advancing
Translational Sciences, a component of the National
Institutes of Health and the National Institutes of
Health Roadmap for Medical Research. Study
medications were supplied in part by Bayer
HealthCare and AbbVie Pharmaceuticals.

Additional Contributions: We thank the
investigators and staff at the KEEPS clinical centers,
the KEEPS Data Coordinating Center at the Kronos
Longevity Research Institute, and the National
Institutes of Health institutions supporting ancillary
studies. We also thank the participants for their
dedication and commitment to the KEEPS research

program. We acknowledge the following KEEPS
staff: Albert Einstein College of Medicine: Ruth
Freeman, MD, Hussein Amin, MD, Barbara Isaac,
RN, Maureen Magnani, RN, and Rachel Wildman,
PhD; Brigham and Women’s Hospital/Harvard
Medical School: Maria Bueche, NP, Marie
Gerhard-Herman, MD, Kate Kalan, Jan Lieson,
Kathryn M. Rexrode, MD, Barbara Richmond, Frank
Rybicki, MD, PhD, and Brian Walsh, MD; Columbia
College of Physicians and Surgeons: Luz Sanabria,
BA, Maria Soto, MD, Michelle P. Warren, MD, and
Ralf C. Zimmerman, MD; Kronos Longevity
Research Institute: Mary Dunn, CNM, Panayiotis D.
Tsitouras, MD, and Viola Zepeda, RN; Mayo Clinic:
Philip A. Araoz, MD, Rebecca Beck, RDMS, Dalene
Bott-Kitslaar, APRN, CNP, Sharon L. Mulvagh, MD,
Lynne T. Shuster, MD, and Teresa G. Zais
(deceased); University of California, Los Angeles,
CAC Reading Center: Chris Dailing, Yanlin Gao, MD,
and Angel Solano; University of California, San
Francisco, Medical Center: Nancy Jancar, RN, Jean
Perry, RN, MSN, NP, Rebecca S. Wong, BS, Robyn
Pearl, PhD, Judy Yee, MD, Brett Elicker, MD, and
Gretchen A.W. Gooding, MD; University of
California, San Francisco, Statistical Center: Eric
Vittinghoff, PhD, and Lisa Palermo, MA; University
of Southern California, Atherosclerosis Research
Unit/Core Imaging and Reading Center: Yanjie Li,
MD, RDMS, RDCS, RVT, and Mingzhu Yan, MD, PhD,
RDCS, RVT; University of Utah School of Medicine:
Paul N. Hopkins, MD, MSPH, FNLA, M. Nazeem
Nanjee, PhD, FAHA, Kirtly Jones, MD, Timothy
Beals, MD, and Stacey Larrinaga-Shum, BS; Yale
University: Diane Wall, MSN, RN, CNE, and Linda
McDonald, RN.

Additional Information: We dedicate this
publication to the memory of George R. Merriam,
MD, principal KEEPS investigator at the Veterans
Affairs Puget Sound Health Care System and
University of Washington study site, who
consistently and cheerfully volunteered to take on
many responsibilities essential to the planning,
execution, and completion of KEEPS. Dr Merriam
was an outstanding researcher, consummate
clinician, and dear friend and colleague and is sorely
missed by all.

REFERENCES

1. Graziottin A, Leiblum SR. Biological and
psychosocial pathophysiology of female sexual
dysfunction during the menopausal transition. J Sex
Med. 2005;2(suppl 3):133-145.

Research Original Investigation Effects of Oral vs Transdermal Estrogen Therapy on Sexual Function

E8 JAMA Internal Medicine Published online August 28, 2017 (Reprinted) jamainternalmedicine.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by University of California - Los Angeles, Matthew Budoff on 08/29/2017

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.3877&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.3877
https://www.ncbi.nlm.nih.gov/pubmed/16422790
https://www.ncbi.nlm.nih.gov/pubmed/16422790
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.3877


2. Sarrel PM. Sexuality and menopause. Obstet
Gynecol. 1990;75(4)(suppl):26S-30S.

3. Blumel JE, Castelo-Branco C, Binfa L, et al.
Quality of life after the menopause: a population
study. Maturitas. 2000;34(1):17-23.

4. Castelo-Branco C, Blumel JE, Araya H, et al.
Prevalence of sexual dysfunction in a cohort of
middle-aged women: influences of menopause and
hormone replacement therapy. J Obstet Gynaecol.
2003;23(4):426-430.

5. Dennerstein L, Dudley E, Burger H. Are changes
in sexual functioning during midlife due to aging or
menopause? Fertil Steril. 2001;76(3):456-460.

6. Coelho G, Frange C, Siegler M, Andersen ML,
Tufik S, Hachul H. Menopause transition symptom
clusters: sleep disturbances and sexual dysfunction.
J Womens Health (Larchmt). 2015;24(11):958-959.

7. Dennerstein L, Koochaki P, Barton I, Graziottin A.
Hypoactive sexual desire disorder in menopausal
women: a survey of Western European women.
J Sex Med. 2006;3(2):212-222.

8. Prairie BA, Scheier MF, Matthews KA, Chang CC,
Hess R. A higher sense of purpose in life is
associated with sexual enjoyment in midlife
women. Menopause. 2011;18(8):839-844.

9. Nappi RE, Cucinella L. Advances in
pharmacotherapy for treating female sexual
dysfunction. Expert Opin Pharmacother. 2015;16
(6):875-887.

10. Nastri CO, Lara LA, Ferriani RA, Rosa-E-Silva AC,
Figueiredo JB, Martins WP. Hormone therapy for
sexual function in perimenopausal and
postmenopausal women. Cochrane Database Syst
Rev. 2013;(6):CD009672.

11. Coelingh Bennink HJ. Are all estrogens the
same? Maturitas. 2004;47(4):269-275.

12. Shifren JL, Desindes S, McIlwain M, Doros G,
Mazer NA. A randomized, open-label, crossover
study comparing the effects of oral versus
transdermal estrogen therapy on serum androgens,
thyroid hormones, and adrenal hormones in
naturally menopausal women. Menopause. 2007;14
(6):985-994.

13. Hodis HN, Mack WJ, Azen SP, et al; Women’s
Estrogen-Progestin Lipid-Lowering Hormone
Atherosclerosis Regression Trial Research Group.
Hormone therapy and the progression of
coronary-artery atherosclerosis in postmenopausal
women. N Engl J Med. 2003;349(6):535-545.

14. Taylor HS, Manson JE. Update in hormone
therapy use in menopause. J Clin Endocrinol Metab.
2011;96(2):255-264.

15. Miller VM, Black DM, Brinton EA, et al. Using
basic science to design a clinical trial: baseline
characteristics of women enrolled in the Kronos
Early Estrogen Prevention Study (KEEPS).
J Cardiovasc Transl Res. 2009;2(3):228-239.

16. Wharton W, Gleason CE, Miller VM, Asthana S.
Rationale and design of the Kronos Early Estrogen
Prevention Study (KEEPS) and the KEEPS Cognitive

and Affective sub study (KEEPS Cog). Brain Res.
2013;1514:12-17.

17. Harman SM, Brinton EA, Cedars M, et al. KEEPS:
The Kronos Early Estrogen Prevention Study.
Climacteric. 2005;8(1):3-12.

18. Chetkowski RJ, Meldrum DR, Steingold KA,
et al. Biologic effects of transdermal estradiol.
N Engl J Med. 1986;314(25):1615-1620.

19. Harman SM, Black DM, Naftolin F, et al. Arterial
imaging outcomes and cardiovascular risk factors in
recently menopausal women: a randomized trial.
Ann Intern Med. 2014;161(4):249-260.

20. Rosen R, Brown C, Heiman J, et al. The Female
Sexual Function Index (FSFI): a multidimensional
self-report instrument for the assessment of female
sexual function. J Sex Marital Ther. 2000;26(2):
191-208.

21. Meston CM. Validation of the Female Sexual
Function Index (FSFI) in women with female
orgasmic disorder and in women with hypoactive
sexual desire disorder. J Sex Marital Ther. 2003;29
(1):39-46.

22. Wiegel M, Meston C, Rosen R. The female
sexual function index (FSFI): cross-validation and
development of clinical cutoff scores. J Sex Marital
Ther. 2005;31(1):1-20.

23. Al-Azzawi F, Bitzer J, Brandenburg U, et al.
Therapeutic options for postmenopausal female
sexual dysfunction. Climacteric. 2010;13(2):103-120.

24. Fitzmaurice GM, Laird NM, Ware JH. Applied
Longitudinal Analysis. New York, NY: John Wiley &
Sons; 2012.

25. Allison PD. Handling missing data by maximum
likelihood. Paper presented at: SAS Global Forum
2012; April 22-25, 2012; Orlando, Florida.

26. Addis IB, Van Den Eeden SK, Wassel-Fyr CL,
Vittinghoff E, Brown JS, Thom DH; Reproductive
Risk Factors for Incontinence Study at Kaiser Study
Group. Sexual activity and function in middle-aged
and older women. Obstet Gynecol. 2006;107(4):
755-764.

27. Maclennan AH, Broadbent JL, Lester S, Moore
V. Oral oestrogen and combined oestrogen/
progestogen therapy versus placebo for hot
flushes. Cochrane Database Syst Rev. 2004;(4):
CD002978.

28. Suckling J, Lethaby A, Kennedy R. Local
oestrogen for vaginal atrophy in postmenopausal
women. Cochrane Database Syst Rev. 2006;(4):
CD001500.

29. Politano CA, Valadares AL, Pinto-Neto A,
Costa-Paiva L. The metabolic syndrome and sexual
function in climacteric women: a cross-sectional
study. J Sex Med. 2015;12(2):455-462.

30. Merghati-Khoei E, Sheikhan F, Shamsalizadeh
N, Haghani H, Yousofnia Pasha YR, Killeen T.
Menopause negatively impacts sexual lives of
middle-aged Iranian women: a cross-sectional
study. J Sex Marital Ther. 2014;40(6):552-560.

31. Valadares AL, Pinto-Neto AM, de Souza MH,
Osis MJ, da Costa Paiva LH. The prevalence of the

components of low sexual function and associated
factors in middle-aged women. J Sex Med. 2011;8
(10):2851-2858.

32. Valadares AL, Pinto-Neto AM, Osis MJ, Sousa
MH, Costa-Paiva L, Conde DM. Prevalence of sexual
dysfunction and its associated factors in women
aged 40-65 years with 11 years or more of formal
education: a population-based household survey.
Clinics (Sao Paulo). 2008;63(6):775-782.

33. Burger HG, Dudley EC, Cui J, Dennerstein L,
Hopper JL. A prospective longitudinal study of
serum testosterone, dehydroepiandrosterone
sulfate, and sex hormone-binding globulin levels
through the menopause transition. J Clin Endocrinol
Metab. 2000;85(8):2832-2838.

34. Ambler DR, Bieber EJ, Diamond MP. Sexual
function in elderly women: a review of current
literature. Rev Obstet Gynecol. 2012;5(1):16-27.

35. Davison SL, Bell R, Donath S, Montalto JG,
Davis SR. Androgen levels in adult females: changes
with age, menopause, and oophorectomy. J Clin
Endocrinol Metab. 2005;90(7):3847-3853.

36. Nappi RE. To be or not to be in sexual desire:
the androgen dilemma. Climacteric. 2015;18(5):672-
674.

37. Huang A, Yaffe K, Vittinghoff E, et al. The effect
of ultralow-dose transdermal estradiol on sexual
function in postmenopausal women. Am J Obstet
Gynecol. 2008;198(3):265.e1-265.e7.

38. Reay Jones NH, Healy JC, King LJ, Saini S,
Shousha S, Allen-Mersh TG. Pelvic connective tissue
resilience decreases with vaginal delivery,
menopause and uterine prolapse. Br J Surg. 2003;
90(4):466-472.

39. Laumann EO, Paik A, Rosen RC. Sexual
dysfunction in the United States: prevalence and
predictors. JAMA. 1999;281(6):537-544.

40. Nascimento ER, Maia AC, Pereira V,
Soares-Filho G, Nardi AE, Silva AC. Sexual
dysfunction and cardiovascular diseases:
a systematic review of prevalence. Clinics (Sao Paulo).
2013;68(11):1462-1468.

41. Alexander JLKK, Dennerstein L, Davis SR. The
systemic nature of sexual functioning in the
postmenopausal woman: crossroads of psychiatry
and gynecology. Prim Psychiatry. 2003;10:53-57.

42. Avis NE, Brockwell S, Randolph JF Jr, et al.
Longitudinal changes in sexual functioning as
women transition through menopause: results from
the Study of Women’s Health Across the Nation.
Menopause. 2009;16(3):442-452.

43. Gracia CR, Freeman EW, Sammel MD, Lin H,
Mogul M. Hormones and sexuality during transition
to menopause. Obstet Gynecol. 2007;109(4):831-
840.

44. Derogatis LR, Rosen R, Leiblum S, Burnett A,
Heiman J. The Female Sexual Distress Scale (FSDS):
initial validation of a standardized scale for
assessment of sexually related personal distress in
women. J Sex Marital Ther. 2002;28(4):317-330.

Effects of Oral vs Transdermal Estrogen Therapy on Sexual Function Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online August 28, 2017 E9

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by University of California - Los Angeles, Matthew Budoff on 08/29/2017

https://www.ncbi.nlm.nih.gov/pubmed/2179787
https://www.ncbi.nlm.nih.gov/pubmed/2179787
https://www.ncbi.nlm.nih.gov/pubmed/10687878
https://www.ncbi.nlm.nih.gov/pubmed/12881088
https://www.ncbi.nlm.nih.gov/pubmed/12881088
https://www.ncbi.nlm.nih.gov/pubmed/11532464
https://www.ncbi.nlm.nih.gov/pubmed/26555780
https://www.ncbi.nlm.nih.gov/pubmed/16490014
https://www.ncbi.nlm.nih.gov/pubmed/21659908
https://www.ncbi.nlm.nih.gov/pubmed/25732267
https://www.ncbi.nlm.nih.gov/pubmed/25732267
https://www.ncbi.nlm.nih.gov/pubmed/23737033
https://www.ncbi.nlm.nih.gov/pubmed/23737033
https://www.ncbi.nlm.nih.gov/pubmed/15063479
https://www.ncbi.nlm.nih.gov/pubmed/17507833
https://www.ncbi.nlm.nih.gov/pubmed/17507833
https://www.ncbi.nlm.nih.gov/pubmed/12904518
https://www.ncbi.nlm.nih.gov/pubmed/21296989
https://www.ncbi.nlm.nih.gov/pubmed/21296989
https://www.ncbi.nlm.nih.gov/pubmed/19668346
https://www.ncbi.nlm.nih.gov/pubmed/23603409
https://www.ncbi.nlm.nih.gov/pubmed/23603409
https://www.ncbi.nlm.nih.gov/pubmed/15804727
https://www.ncbi.nlm.nih.gov/pubmed/3012339
https://www.ncbi.nlm.nih.gov/pubmed/25069991
https://www.ncbi.nlm.nih.gov/pubmed/10782451
https://www.ncbi.nlm.nih.gov/pubmed/10782451
https://www.ncbi.nlm.nih.gov/pubmed/12519665
https://www.ncbi.nlm.nih.gov/pubmed/12519665
https://www.ncbi.nlm.nih.gov/pubmed/15841702
https://www.ncbi.nlm.nih.gov/pubmed/15841702
https://www.ncbi.nlm.nih.gov/pubmed/19958161
https://www.ncbi.nlm.nih.gov/pubmed/16582109
https://www.ncbi.nlm.nih.gov/pubmed/16582109
https://www.ncbi.nlm.nih.gov/pubmed/15495039
https://www.ncbi.nlm.nih.gov/pubmed/15495039
https://www.ncbi.nlm.nih.gov/pubmed/17054136
https://www.ncbi.nlm.nih.gov/pubmed/17054136
https://www.ncbi.nlm.nih.gov/pubmed/25441664
https://www.ncbi.nlm.nih.gov/pubmed/24308863
https://www.ncbi.nlm.nih.gov/pubmed/21810185
https://www.ncbi.nlm.nih.gov/pubmed/21810185
https://www.ncbi.nlm.nih.gov/pubmed/19061000
https://www.ncbi.nlm.nih.gov/pubmed/10946891
https://www.ncbi.nlm.nih.gov/pubmed/10946891
https://www.ncbi.nlm.nih.gov/pubmed/22582123
https://www.ncbi.nlm.nih.gov/pubmed/15827095
https://www.ncbi.nlm.nih.gov/pubmed/15827095
https://www.ncbi.nlm.nih.gov/pubmed/26176767
https://www.ncbi.nlm.nih.gov/pubmed/26176767
https://www.ncbi.nlm.nih.gov/pubmed/18313446
https://www.ncbi.nlm.nih.gov/pubmed/18313446
https://www.ncbi.nlm.nih.gov/pubmed/12673750
https://www.ncbi.nlm.nih.gov/pubmed/12673750
https://www.ncbi.nlm.nih.gov/pubmed/10022110
https://www.ncbi.nlm.nih.gov/pubmed/24270960
https://www.ncbi.nlm.nih.gov/pubmed/24270960
https://www.ncbi.nlm.nih.gov/pubmed/19212271
https://www.ncbi.nlm.nih.gov/pubmed/17400843
https://www.ncbi.nlm.nih.gov/pubmed/17400843
https://www.ncbi.nlm.nih.gov/pubmed/12082670
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.3877



