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Abstract
Aims/hypothesis

Two US randomized trials found a lower incidence of type 2 diabetes among women treated by menopausal hormone therapy (MHT)

with oral conjugated equine estrogen combined with medroxyprogesterone acetate. The purpose of this study was to evaluate the

influence of various MHTs, according to their formulation and route of administration, on new-onset diabetes in a cohort of

postmenopausal French women.

Methods

The association between MHT use and new-onset diabetes was investigated by Cox regression analysis in 63,624 postmenopausal

women of the French E3N cohort. Cases of diabetes were identified through self-report or drug reimbursement record linkage, and

further validated.

Results

1220 new-onset diabetes cases were validated. We observed a lower risk of new-onset diabetes among women having ever used MHT

(Hazard ratio: HR 0.82 0.72  0.93 ), compared to MHT never users. Adjustment for BMI during follow-up rather than baseline= [ – ]
BMI did not substantially modify this association. An oral route of estrogen administration was associated with a greater decrease in

diabetes risk than a cutaneous route (HR 0.68 0.55 0.85  vs 0.87 0.75 1.00 , for homogeneity 0.028). When further taking into= [ – ] [ – ] P =
account the type of progestagen used in combined MHT, we were not able to show significant differences between progestagens.

Conclusion

MHT appeared to be associated with a lower risk of new-onset diabetes. This relation was not mediated by changes in BMI. Further

studies are needed to confirm the stronger effect of oral administration of estrogen compared to cutaneous administration.
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Introduction

Diabetes mellitus is one of the most common chronic diseases in the industrialized world . In France, the prevalence of treated[1 ]
diabetes was estimated to be 3.6  in 2005 . The World Health Organization predicts that the number of patients with diabetes% [2 ]
worldwide will rise from 171 million in 2000 to more than 366 million in 2030 . Diabetes prevalence is generally similar in men and[3 ]
women  and higher in overweight and obese subjects .[3 ] [4 –6 ]

Steroid hormones may influence diabetes onset. Animal studies have indeed suggested that ovarian hormone deficiency is associated

with increased insulin resistance , . Impaired glucose tolerance and insulin resistance are known to increase with age  but it is still[7 8 ] [9 ]
unclear if menopause per se modifies this increase . Compared to premenopausal women, postmenopausal women have similar[10 ]
glucose and insulin levels and a relatively minor deterioration in glucose tolerance, but they have an increased insulin resistance, produce

less insulin and clear it more slowly . Moreover, menopausal hormone therapy (MHT) was shown to reverse the effects of menopause[11 ]
on insulin secretion and clearance .[11 ]
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Two randomized trials, the Heart and Estrogen/Progestin Replacement Study (HERS) and the Women s Health Initiative (WHI) trial,’
examined the effects of 0.625 mg conjugated equine estrogen alone or combined with 2.5 mg medroxyprogesterone acetate (MPA) on

diabetes incidence . These trials found a significant reduction in diabetes incidence of 20  to 30  in users of combined MHT [12 –14 ] % % [12 

, , and of 12  in users of estrogen alone . The WHI trial further observed a significant fall in insulin resistance during the first year13 ] % [14 ]
of follow-up in women treated with combined MHT or estrogens alone , . A recent meta-analysis on components of the metabolic[13 14 ]
syndrome, which included 107 randomized controlled trials of at least 8 weeks duration showed similarly that MHT reduced the risk of

new-onset diabetes . Results of observational studies are inconsistent .[15 ] [16 –19 ]

Most trials have evaluated oral conjugated equine estrogens given alone or associated with either MPA or 19-nortestosterone

derivatives, but not with other combined estrogen progestagen therapies used in other parts of the world, nor with non-oral estrogens. So,–
it is still unclear whether some MHTs are more beneficial than others. In France, estrogen, mostly estradiol administered through the skin,

is used alone or in combination with a variety of progestagens. The purpose of the present study was to evaluate the influence of MHTs,

their type and route of administration, on the risk of new-onset diabetes in a cohort of postmenopausal French women.

Subjects and methods
Subjects

The E3N (Etude Epidemiologique de Femmes de la Mutuelle G n rale de l Education Nationale, MGEN) prospective cohort wasé é ’
initiated in France in 1990 to investigate factors associated with cancers in women . The cohort included 98,995 women living in[20 ]
France, aged 40 65 years in 1990, who were covered by the national health insurance plan for teachers and coworkers. All women signed–
an informed consent, in compliance with the rules of the French National Commission for Computed Data and Individual Freedom

(Commission National Informatique et Libert s) from which approval was obtained. In 1990 and at follow-up (1992, 1993, 1995, 1997,é
2000, 2002 and 2005), women completed self-administered questionnaires with demographic and anthropometric characteristics,

reproductive history, health status, parental diabetes, and smoking status.

Definition and validation of an incident case of diabetes

A first set of potential cases of diabetes included women who had self-reported either diabetes, a diabetes diet, use of diabetic drugs, or

a hospitalization for diabetes in at least one of the eight questionnaires sent up until July 2005. A total of 4289 self-reported potential cases

were identified. Among them, 2315 cases were validated because women were identified from drug reimbursement file provided by the

health insurance as having been reimbursed for a diabetic drug between January 1 , 2004 (date when the file became available) and Junest 

30 , 2007 (date of endpoint in the present study). Among the 1974 women without diabetic drug reimbursement, women alive and with anth 

accurate address (n 1735) were mailed a questionnaire specifically designed to validate diabetes. From the 1480 women who completed=
this questionnaire (response rate: 84 ), 342 potential cases were confirmed if glucose concentrations at diagnosis were reported to%
comply with WHO recommendations (fasting 7.0 mmol/l or random glucose 11.1 mmol/l) , or women reported taking diabetic≥ ≥ [21 ]
drugs, and/or their last values of fasting glucose or HbA1c levels were reported to be 7.0 mmol/l and/or 7  respectively , . A≥ ≥ % [22 23 ]
total of 2657 self-reported diabetes cases were thus validated.

A second set of potential cases of diabetes was identified exclusively from the drug reimbursement file (n 1216) without prior report=
of diabetes in any of the eight study questionnaires. We mailed the diabetes specific questionnaire to 1139 of these women and 734

completed it. We considered as non-cases, women who declared they were non diabetic and who had been reimbursed for diabetic drugs

only once before June 30 , 2007 (n 233); as validated diabetic cases women who confirmed diabetes in the diabetes specificth =
questionnaire (n 458) and those who did not answer the diabetes specific questionnaire but had diabetic drugs reimbursed at least twice (n=

381). Other potential cases were considered as non-validated (n 144).= =

Altogether, a total of 3496 diabetes cases diagnosed until June 30 , 2007 were thus validated in the E3N cohort.th 

Although this procedure did not systematically allow differentiation between type 1 and type 2 diabetes mellitus, the age range of our

population implies that incident cases considered in our analyses are mostly type 2 diabetes mellitus. Prevalent diabetes cases were

excluded from analyses (see below).

Identification of MHT use

Information on lifetime use of hormonal treatments was recorded in the 1992 questionnaire and included the start date and duration of

each episode of hormone use, together with the corresponding brand name. To help women remember what brand they had taken, they

were given a booklet with color photographs of hormonal treatments marketed in France. The information was updated in each of the

subsequent questionnaires.

Population for analysis and follow-up
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The present analysis included only the women who responded to a dietary history questionnaire sent in 1993 ( ), which formedFigure 1 

the baseline of the current report in order to be able to adjust for energy and alcohol intake. After two reminders to non-respondents,

77,613 dietary questionnaires were returned (81.1  response rate). Of these questionnaires, 2104 were excluded because of miscoding and%
985 because respondents did not give their consent to a follow-up by the health insurer (MGEN) in case of dropout. We also excluded

1490 questionnaires with an unreasonable report of total energy intake, as defined by the 1st and 99th percentile of the ratio of energy

intake to basal metabolic rate computed on the basis of age, height, and weight at the time of the dietary survey  and 368 women who[24 ]
did not complete the part of this questionnaire that inquired about their health status.

In the present analysis, only postmenopausal women were included. Women were considered postmenopausal if they had had 12

consecutive months without menstrual periods (unless due to hysterectomy), had undergone bilateral oophorectomy, had ever used MHT,

or self-reported that they were postmenopausal. Age at menopause was defined as age at last menstrual period (if the last menstrual period

occurred before MHT use, and if the cessation of menstruation was not due to hysterectomy), age at bilateral oophorectomy; or, in

decreasing order of priority, self-reported age at menopause, age at start of MHT, age at start of menopausal symptoms; or, if no

information was available, age 47 years if menopause was artificial, and age 51 otherwise, ages which corresponded to the median values

for artificial and natural menopause in the cohort, respectively.

Among the women with a validated dietary questionnaire (n 72,666), 70,983 women were postmenopausal at the time of the 8= th 

questionnaire; we excluded those with non validated diabetes or no date of diagnosis (n 1208), those who had been diagnosed with=
diabetes before the dietary questionnaire or first report of menopause (n 974), those with no follow-up (n 4061), and those who did not= =
answer the questionnaire (sent in 1992) about lifetime use of MHT while being postmenopausal at that date (n 1116), leaving 63,624=
women for analysis.

Follow-up started either at the date of return of the dietary questionnaire for the women who were already postmenopausal, otherwise

at the date of the first report of menopause. Women contributed person-time until the date of diagnosis of diabetes, date of last completed

questionnaire if the 2005 questionnaire was not completed, or June 30 2007, whichever occurred first.th 

Statistical analysis

We used Cox proportional hazards regression models stratified by 5-year interval birth cohorts, with age as the timescale, to estimate

the hazards ratios (HR) for diabetes and 95  confidence intervals (CI) . We controlled for potential confounders by adjusting the% [25 ]
model for educational level, physical activity in 1993 (energy expenditure calculated by multiplying the duration of daily physical

activities by the estimated metabolic energy spent ), age at menarche, parity, breastfeeding, type of menopause, age of menopause,[26 ]
family history of diabetes, cholesterol level, hypertension, alcohol intake, energy intake, smoking, and body mass index (BMI). Data on

smoking and hypertension were entered in the models as time-dependant variables. Cutoffs of covariables are indicated in the footnotes of 

. We replaced missing values by the modal value (all were categorical variables) when in fewer than 5  of women, or else by a table 2 % “
missing  category.”

As overweight is a major risk factor for diabetes  and MHT use is associated with a lower increase in fat mass , , BMI[27 ] [15 28 –31 ]
may be an intermediate factor in the relation between MHT exposure and diabetes risk. We therefore decided to present two different

models. The first was adjusted for potential confounders and baseline BMI; the second was adjusted for potential confounders and BMI

during follow-up as a time-dependant variable.

Regarding MHT exposure status, the information reported in questionnaires n  and earlier was used to prospectively categorize“ ”
participants for the period between completion of questionnaire n  and completion of questionnaire n 1  (or end of follow-up). For“ ” “ + ”
women who did not answer questionnaire n , MHT exposure status was classified as missing for the period between the date at which“ ”
questionnaire n was sent to the participants and the date of completion of the subsequent questionnaire (or end of follow-up). In estimating

the HRs associated with different types of MHT, estimates were computed for the MHT used for the longest duration in the case of

treatment change during follow-up.

All tests of statistical significance were two-sided, and the significance was set at the .05 level. The -values for assessing possibleP 

heterogeneity in effect estimates were computed from likelihood ratio tests. We performed all analyses using SAS software, version 9.1

(SAS Institute Inc, Cary, NC).

Results

A total of 1220 new-onset diabetes cases were validated during 663,087 person-years of follow-up (mean duration: 10.4 years; SD:

3.6). shows selected characteristics of women according to their use of MHT. Women having ever used MHT appeared moreTable 1 

educated, had less often a family history of diabetes, were less often overweight, were more often parous, had an earlier menopause and

had a higher cholesterol level than women who had never used MHT. Women who had ever used MHT also had a higher yearly increase
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in BMI during follow-up than never-users (0.07  0.27 vs 0.06  0.35 kg/m /year) and this difference was significant even after adjustment± ± ²
for age and BMI at the start of follow-up ( < 0.001). Differences in women s characteristics at the start of follow-up were also foundP ’
between oral and transdermal routes of estrogen administration, pointing out towards a better cardio-metabolic profile of oral estrogen

users, and between estrogen alone and estrogen plus progestagen combinations.

Overall, the incidence of diabetes during follow-up was lower among MHT users than among never users (multivariate adjusted HR=
0.82 0.72  0.93 ) ( ). Adjustment for BMI during follow-up instead of baseline BMI slightly enhanced the association (HR 0.75 [ – ] Table 2 = [
0.66  0.85 ). Diabetes risk appeared not to be significantly related to the duration of MHT use. After one year of discontinuation of MHT,– ]
the protective effect was no longer significant when the model was adjusted for BMI during follow-up.

The decrease in risk of new-onset diabetes appeared significantly stronger for estrogen administered orally (whether used alone or in

association with a progestagen) rather than through the skin, even after adjustment for BMI during follow-up (HR 0.61 0.50 0.76  vs 0.78= [ – ]
0.67 0.90 , p 0.031) ( ).[ – ] = Table 2 

As some progestagens were combined only with oral or cutaneous estrogen, we could not exclude the possibility that differences in

HRs of new-onset diabetes were due to differences between progestagens. Thus, analyses were also performed according to route of

estrogen administration and type of progestagen ( ). For progestagens combined with either oral or cutaneous estrogen, we were notTable 3 

able to show significant differences in HRs according to estrogen route of administration. Similarly, for any given route of estrogen

administration, we observed no significant differences in HRs among progestagens. However, only cutaneous estrogen combined with

progesterone (it is rarely combined with oral estrogens), as well as oral estrogen combined with cyproterone acetate or norethisterone

acetate (it is rarely combined with cutaneous estrogens) were associated with a statistically significant lower risk of diabetes than never use

of MHT, even after controlling for BMI during follow-up (HR 0.67 0.54 0.84 , 0.44 0.23 0.85 , and 0.44 0.26 0.75  respectively).= [ – ] [ – ] [ – ]

Compared to MHT never-use, ever-use of weak estrogens (orally or vaginally administered promestriene or estriol) was associated

with a lower risk of incident diabetes when analyses were adjusted for BMI during follow-up (HR 0.70 0.50 0.97 ) but not when adjusted= [ – ]
for baseline BMI (HR 0.74 0.53 1.04 ) (data not tabulated, 43 cases / 2374 women using weak estrogens).= [ – ]

All results were confirmed following sensitivity analyses including non-validated diabetes cases and estimates were consistent with the

main results presented (data not shown).

Discussion

In this prospective cohort, we observed a lower risk of new-onset diabetes among women having ever used MHT, compared to MHT

never users. Adjustment for BMI during follow-up rather than baseline BMI did not substantially modify the association. An oral route of

estrogen administration was associated with a stronger decrease in diabetes risk than cutaneous administration. When further taking into

account the type of progestagen in combined MHT, only cutaneous estrogen combined with progesterone, or oral estrogen combined with

cyproterone acetate or norethisterone acetate were significantly associated with a lower risk or diabetes, although there was no statistically

significant heterogeneity between progestagens with regard to diabetes risk.

The process underlying the change in glucose and insulin levels with exposure to estrogen is not fully understood, but several

mechanisms have been hypothesized. Estrogen may have a direct effect on the pancreatic secretion of insulin, as estrogen receptors are

present in pancreatic beta cells  and estrogen increases the release of insulin in beta cell models . Previous studies have also found[32 ] [33 ]
that estrogen may reduce peripheral vascular reactivity , . A decreased peripheral blood flow may limit insulin delivery and[34 35 ]
promote insulin resistance. Results of the WHI trial suggested that a decrease in insulin resistance, induced by the MHT, may have been

responsible for the lower incidence of diabetes observed in the women who received the active treatment , ; these results were[13 14 ]
confirmed in a meta-analysis . As in a recent study , the relationship was no longer significant after discontinuation of MHT use,[15 ] [36 ]
when model was adjusted for BMI during follow-up.

In the meta-analysis, MHT use was found to be associated with an increase in lean body mass and a decrease in abdominal fat ,[15 ]
that could partially explain a reduced risk of diabetes in MHT users. Unfortunately, we were not able to assess changes in abdominal fat or

lean mass, which could be induced by MHT, as waist circumference was measured only once during the follow-up. In our study,

associations between MHT use and new-onset diabetes tended to be stronger when adjusting for BMI during follow-up. This result could

be explained by a greater increase in BMI during the follow-up among MHT users. However, a recent systematic review concluded that

there was no evidence for a BMI change according to MHT use different from that normally experienced at the time of menopause . In[37 ]
the HERS trial , hormone therapy was associated with a significant decrease in waist circumference, but this change did not mediate[12 ]
the effect of MHT on diabetes risk. In the WHI trial, a greater non significant BMI increase was observed in treated women, probably due

to an increase in lean body mass , but the effect of MHT on diabetes risk was also independent of BMI and waist circumference[28 ]
changes .[13 ]
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Confirming our results of a difference between the oral and cutaneous route of estrogen administration on the risk of new-onset

diabetes, a recent meta-analysis found a larger protective effect of oral MHT than transdermal MHT on metabolic syndrome components [
, possibly due to a stronger effect of oral than transdermal estradiol on peripheral vascular reactivity . Few studies have examined15 ] [34 ]

associations with a given progestagen according to the route of administration of the associated estrogen. When we compared the route of

estrogen administration within a category of MHT (either estrogen alone or according to the associated progestagen), we were not able to

demonstrate any differences. However, we had too few cases to test the difference between routes of estrogens administration within some

progestagens (progesterone, MPA, cyproterone acetate and norethisterone acetate).

Though our study is the first to consider different types of MHT combinations on diabetes risk, several authors have reported the

impact of different types of hormone therapy on intermediate risk factors. In the WHI trial, conjugated equine estrogen combined with

MPA was found to improve insulin sensitivity . Low dose dydrogesterone associated with estradiol may lead to a decrease in[14 ]
circulating insulin concentrations . Finally, estrogen plus norethisterone acetate was found to have no effect on glucose and insulin[38 ]
metabolism  while it seemed to improve insulin sensitivity. The meta-analysis by Salpeter  found no differences in insulin[39 ] [15 ]
resistance between unopposed and combined treatments. In our study, we were not able to find any significant difference between the

categories of MHT combinations on diabetes risk, but the number of cases of diabetes, within each category of MHT combination, for a

given route of estrogen administration, may have be too small.

The major strength of our study is the range of MHTs evaluated and the fact that exposure was regularly updated during follow-up.

This allowed us to limit misclassification of ever-, never-users, and users of a given MHT, which can occur in prospective studies with a

single baseline assessment of exposure. However, we acknowledge that we have limited power to examine the effects of the route of

estrogen administration within each category of progestagen, and the effects of different progestagens within each route of estrogen. Even

if we cannot exclude the possibility that diabetes was not always reported, in particular for the women who were only given

recommendations to improve their lifestyle, and that diabetes was not always diagnosed, we tried to limit the number of unreported

diabetes cases, by identifying diabetes cases not only by self-report but also by drug reimbursement. Other strengths of our study were the

prospective design, the large sample and the long duration of follow-up. We acknowledge, in contrast to randomized clinical trials, that the

observational design of the study cannot control for unknown baseline differences between MHT users and MHT never-users or between

route of estrogen administration or type of MHT used. Nevertheless, we were able to adjust for the major risk factor for diabetes in our

analyses, in particular BMI during all of the follow-up, a measure that, although self-reported, was found to be valid .[40 ]

Conclusion

In conclusion, the use of MHT was associated with a reduction in the incidence of diabetes in postmenopausal women, even after

careful control for BMI. Oral administration of estrogen appeared to be associated with a lower risk of new-onset diabetes risk than

cutaneous administration. However, due to the types of combinations prescribed, we were not able to assess the impact of routes of

administration for each progestagen molecule.
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Table 1
Selected characteristics (mean (SD), n ( )) of participants at the start of follow-up according to 1/ use of menopausal hormone therapy (MHT) use 2/ route of estrogen administration 3/ association of%
progestagen, as recorded at the end of the follow-up. E3N-EPIC study, France (1993 2007, n 63,624)– =

1- MHT use 2- Route of estrogen administration 3- Type of MHT

Never Ever Oral Transdermal/ Cutaneous Other/ unknown Estrogen alone Estrogen  progestagen+ Other / unknown

N 18230 45394 11263 25740 8391 4656 30905 9833
Age at start of follow-up, y 57.1 (5.5) 54.8 (4.7)a 53.6 (4.1) 54.5 (4.3) b 57.1 (5.4) 54.8 (5.1) 54 (4.1) c 56.9 (5.4)

Age at menopause, y 50.7 (3.9) 50.1 (3.7) a 50.2 (3.6) 50.2 (3.5) 49.7 (4.4) 49.4 (4.4) 50.3 (3.3) c 49.8 (4.4)

University degree ( )% 6000 (32.9 )% 16465 (36.3 ) % a 4427 (39.3 )% 9182 (35.7 ) % b 2856 (34.0 )% 1440 (30.9 )% 11632 (37.6 ) % c 3393 (34.5 )%

Age at menarche 13 y, ≥ % 9833 (53.9 )% 24478 (53.9 )% 6075 (53.9 )% 13816 (53.7 )% 4587 (54.7 )% 2380 (51.1 )% 16720 (54.1 ) % c 5378 (54.7 )%

Parous, % 2600 (14.3 )% 4912 (10.8 ) % a 1121 (10 )% 2743 (10.7 ) % b 1048 (12.5 )% 543 (11.7 )% 3161 (10.2 ) % c 1208 (12.3 )%

Parent with diabetes, % 5341 (29.3 )% 10597 (23.3 ) % a 2537 (22.5 )% 5964 (23.2 )% 2096 (25 )% 1144 (24.6 )% 7073 (22.9 ) % c 2380 (24.2 )%

Smoker, % 5282 (29 )% 14536 (32 ) % a 3778 (33.5 )% 8120 (31.5 ) % b 2638 (31.4 )% 1469 (31.6 )% 9964 (32.2 ) % c 3103 (31.6 )%

BMI (kg/m )2 23.8 (3.8) 22.9 (3.1) a 22.7 (3.0) 23.0 (3.1) b 23.1 (3.1) 23.4 (3.4) 22.8 (3.0) c 23.1 (3.1)

Breastfeeding >12 mo 1254 (6.9 )% 2026 (4.5 ) % a 432 (3.8 )% 1113 (4.3 ) % b 481 (5.7 )% 213 (4.6 )% 1268 (4.1 )% 545 (5.5 )%

Cholesterol >2g/l, % 7604 (41.7 )% 20734 (45.7 ) % a 4382 (38.9 )% 11997 (46.6 ) % b 4355 (51.9 )% 2216 (47.6 )% 13518 (43.7 ) % c 5000 (50.8 )%

Hypertension, % 2006 (11.0 )% 4031 (8.9 ) % a 703 (6.2 )% 2398 (9.3 ) % b 930 (11.1 )% 493 (10.6 )% 2484 (8.0 ) % c 1054 (10.7 )%

Physical activity (MET-h/wk) 41.1 (28.9) 39.8 (27.3) a 39 (26.8) 39.8 (27.3) b 41 (28.1) 40.5 (27.9) 39.3 (27.0) c 40.9 (27.8)

Alcool intake (g/day) 10.5 (14.1) 11.5 (14.1) a 11.9 (14.5) 11.4 (13.9) b 11.2 (14) 10.9 (13.5) 11.6 (14.2) c 11.3 (14.1)

Energy intake (kJ/day) 8931 (2423) 9051 (2362) a 9077 (2342) 9069 (2362) 8958 (2386) 9065 (2364) 9071 (2359) 8981 (2369)

a Significantly different from MHT never-users ( < 0.05);P 
b Significantly different from oral route of estrogen administration ( < 0.05);P 
c Significantly different from estrogen alone ( < 0.05);P 
d A total of 8,863 women had missing data for this variable;
e A total of 26,536 women had missing data for this variable;
f Metabolic equivalent cost-hour/week.
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Table 2
Hazard ratios 95  CI  for new-onset diabetes according to duration and recency of use, route of estrogen administration, compared with MHT never-use, in the E3N-EPIC Study, France (1993 2007, n[ % ] – =
63,624).

Case / Total

Model 1a Model 2b

HR 95  CI[ % ] HR 95  CI[ % ]
Never-use 518 / 18230 1 Reference[ ] 1 Reference[ ]
Ever-use 702 / 45394 0.82 0.72  0.93[ – ] 0.75 0.66  0.85[ – ]
Duration of MHT use in ever-users
 0 2 years– 144 / 7300 0.79 0.64  0.96[ – ] 0.75 0.61  0.91[ – ]
 2 5 years– 202 / 11868 0.89 0.74  1.06[ – ] 0.84 0.70  1.00[ – ]
 >5 years 294 / 23460 0.78 0.66  0.91[ – ] 0.70 0.59  0.82[ – ]
 Unknown duration 62 / 2766 0.92 0.70  1.21[ – ] 0.75 0.57  1.00[ – ]
 P -value for homogeneity among duration of use 0.41 0.32

Use of MHT in ever-users
 Current use 422 / 7657 0.83 0.71  0.96[ – ] 0.78 0.68  0.89[ – ]
 Past use (>1 year before) 244 / 35384 0.78 0.66  0.93[ – ] 0.90 0.76  1.07[ – ]
 Unknown recency 36 / 2353 1.01 0.72  1.43[ – ] 0.99 0.70  1.39[ – ]
 P -value for homogeneity among recency of use 0.55 0.09

Route of estrogen administrationc

 Oral 125 / 11263 0.68 0.55  0.85[ – ] 0.61 0.50  0.76[ – ]
 Cutaneous 425 / 25740 0.87 0.75  1.00[ – ] 0.78 0.67  0.90[ – ]

 Other routed 49 / 2533 0.81 0.59  1.11[ – ] 0.76 0.56  1.04[ – ]

 Unknown route 103 / 5858 0.84 0.67  1.05[ – ] 0.73 0.59  0.92[ – ]
 P -value for homogeneity among oral and cutaneous route 0.028 0.031
a Model 1: Adjusted for age (time scale), age at menarche (<13 / 13 years), parity (nulliparous / parous), breastfeeding (no / <12 months / 12 months / unknown), age at menopause, type of menopause≥ ≥
(artificial / natural / unknown), family history of diabetes (none / only one parent / both parents), physical activity in 1993 (<19.8 / 19.8 33.4 / 33.4 53.2 /  53.2 MET-h/week), alcohol intake– – ≥
(continuous), total energy intake exclusive of alcohol (continuous), educational level (  9 / 10 11 / 12 14 / 15 16 /  17 y), baseline cholesterol level (  2 / >2 g/l), hypertension (yes / no, time-dependant≤ – – – ≥ ≤
variable), smoking (never / former / current smoker, time-dependant variable) and baseline BMI (<22 / 22 25 / 25 27 / 27 30 / 30 kg/m ). Further stratified on year of birth (1925 1930 / 1930 1935 /– – – ≥ 2 – –
1935 1940 / 1940 1945 / 1945 1950);– – –
b Model 2: Model 1 with adjustment for BMI (<22 / 22 25 / 25 27 / 27 30 / 30 kg/m ) as a time-dependent variable;– – – ≥ 2 

c Corresponding to the MHT used for the greatest length of time;
d Vaginal, intramuscular, nasal.
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Table 3

Hazard ratios 95  CI  for new-onset diabetes according to route of estrogen administration and type of progestagen , compared with MHT never-use, in the E3N-EPIC Study, France (1993 2007, n[ % ] a – =
63,624).

Oral Estrogen Cutaneous Estrogen
-value for homogeneity among routes of estrogen treatmentp 

cases / totalb HR 95  CI[ % ] cases / totalb HR 95  CI[ % ]

Model 1c

 Estrogen aloned 16 / 796 0.75 0.44  1.28[ – ] 72 / 3856 0.87 0.67  1.13[ – ] 0.62

 Estrogen combined with:

  Progesterone 4 / 674 -e 112 / 7725 0.77 0.62  0.97[ – ] -

  Dydrogesterone 10 / 1571 0.62 0.33  1.16[ – ] 86 / 4455 0.93 0.72  1.19[ – ] 0.23

  Medroxyprogesterone acetate 22 / 1453 0.85 0.55  1.33[ – ] 3 / 85 -e -

  Cyproterone acetate 12 / 1527 0.50 0.26  0.97[ – ] 2 / 159 -e -

  Chlormadinone acetate 5 / 424 0.49 0.16  1.53[ – ] 28 / 1748 0.95 0.63  1.42[ – ] 0.28

  Medrogestone 2 / 272 -e 24 / 1167 1.20 0.78  1.85[ – ] -

  Nomegestrol acetate 12 / 627 1.07 0.57  2.02[ – ] 56 / 3272 0.97 0.72  1.30[ – ] 0.76

  Promegestone 13 / 805 0.98 0.53  1.78[ – ] 37 / 2676 0.81 0.57  1.15[ – ] 0.58

  Norethisterone acetate 17 / 2199 0.48 0.28  0.81[ – ] 0 / 25 -e -

  P -value for homogeneity among progestagens 0.35 0.57

Model 2f

 Estrogen alone 16 / 796 0.68 0.40  1.17[ – ] 72 / 3856 0.80 0.61  1.04[ – ] 0.59

 Estrogen combined with:

  Progesterone 4 / 674 -e 112 / 7725 0.67 0.54  0.84[ – ] -

  Dydrogesterone 10 / 1571 0.58 0.31  1.09[ – ] 86 / 4455 0.84 0.66  1.08[ – ] 0.27

  Medroxyprogesterone acetate 22 / 1453 0.77 0.50  1.20[ – ] 3 / 85 -e -

  Cyproterone acetate 12 / 1527 0.44 0.23  0.85[ – ] 2 / 159 -e -

  Chlormadinone acetate 5 / 424 0.45 0.14  1.40[ – ] 28 / 1748 0.86 0.57  1.29[ – ] 0.29

  Medrogestone 2 / 272 -e 24 / 1167 1.01 0.66  1.56[ – ] -

  Nomegestrol acetate 12 / 627 0.95 0.51  1.78[ – ] 56 / 3272 0.88 0.66  1.18[ – ] 0.83

  Promegestone 13 / 805 0.89 0.49  1.63[ – ] 37 / 2676 0.72 0.51  1.03[ – ] 0.54

  Norethisterone acetate 17 / 2199 0.44 0.26  0.75[ – ] 0 / 25 -e -

  P -value for homogeneity among progestagens 0.37 0.47
a corresponding to the MHT used for the greatest length of time);
b The number of cases and total of women do not add up to the totals as data are not tabulated for weak estrogens (43 diabetes cases / 2376 total women), and other (intramusculary administered estrogen
or progestogen; androgen; nasally administered estrogen; transdermally administered progestagen; or tibolone) or unknown MHT (126 diabetes cases / 7457 total women);
c Model 1: adjusted for the same covariates as model 1 in ;Table 2 
d Conjugated equine estrogens were only marginally used by women in our cohort (0.7 ), so separate estimates for conjugated equine estrogens and estradiol compounds are not provided;%
e Data are not presented as there are fewer than five cases in this MHT category;
f Model 2: Model 1 with adjustment for BMI (<22 / 22 25  / 25 27  / 27 30  / 30 kg/m ) as a time-dependent variable.[ – [ [ – [ [ – [ ≥ 2 
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f Model 2: Model 1 with adjustment for BMI (<22 / 22 25  / 25 27  / 27 30  / 30 kg/m ) as a time-dependent variable.[ – [ [ – [ [ – [ ≥ 2 


