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Abstract

:

Menopause alters body composition by increasing fat mass. Menopausal hormone therapy (MHT) is associated with decreased total and visceral adiposity. It is unclear whether MHT favorably affects energy intake. We aimed to assess in the OsteoLaus cohort whether total energy intake (TEI) and/or diet quality (macro- and micronutrients, dietary patterns, dietary scores, dietary recommendations)—evaluated by a validated food frequency questionnaire—differ in 839 postmenopausal women classified as current, past or never MHT users. There was no difference between groups regarding TEI or consumption of macronutrients. After multivariable adjustment, MHT users were less likely to adhere to the unhealthy pattern ‘fat and sugar: Current vs. never users [OR (95% CI): 0.48 (0.28–0.82)]; past vs. never users [OR (95% CI): 0.47 (0.27–0.78)]. Past users exhibited a better performance in the revised score for Mediterranean diet than never users (5.00 ± 0.12 vs. 4.63 ± 0.08, p < 0.04). Differences regarding compliance with dietary recommendations were no longer significant after adjustment for covariates. Overall, these results argue against a major role of TEI and diet quality as possible mediators of the MHT metabolic benefits. Future research on this relationship should focus on other potential targets of MHT, such as resting energy expenditure and physical activity.
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1. Introduction


Among the most pronounced expressions of sexual dimorphism, menopause or more accurately the menopausal transition (MT) is a phase of progressive gonadal insufficiency occurring selectively in women and evolving towards the permanent cessation of menses at a mean age of 50–52 years [1]. Estrogen deficiency is the principal underlying hormonal consequence. In addition to the well-known vasomotor symptoms [2] and accelerated bone loss [3], MT significantly alters body composition with opposite effects on fat and lean body mass [4]. The Study of Women’s Health Across the Nation cohort, which followed longitudinally 1246 women of different ethnic backgrounds, confirmed that both the accelerated fat mass (FM) gain and the decline in lean mass are menopause-related and not merely age-dependent [5]. Several small interventional studies evaluated whether these changes are reversible with menopausal hormone therapy (MHT) and by what mechanisms [6]. These studies have yielded mixed results.



Recently, we analyzed the postmenopausal women of OsteoLaus cohort and demonstrated that MHT prevents the increase in fat mass, and, in particular, the increase of visceral adipose tissue (VAT) [6]. It is still unclear whether these benefits result from the direct effect of estrogens on fat tissue and muscles [7,8], or whether changes in behavior influence the balance between energy intake and expenditure [9]. In favor of the latter hypothesis, evidence suggests that female reproductive hormones modulate the physiologic control of food intake [10,11]. Caloric intake progressively declines during the follicular phase following an increase of serum estradiol (E2) [12]. Loss of estrogens following ovariectomy elicits overeating in animal models, including monkeys and rats [13], a finding partly reversed by E2 administration [12,14]. Studies in transgenic mice highlighted the activation of estrogen receptor type-α in the hypothalamic pro-opiomelanocortin neurons of the arcuate nucleus as the principal mechanism underlying the anorectic effects of E2 [15]. There is, however, a dearth of research exploring whether exogenous estrogens, and in particular MHT, affect the neuroendocrine control of eating in humans as well.



An initial evaluation of the OsteoLaus cohort showed no difference in total caloric intake between postmenopausal women on MHT and those who were MHT-naïve [6]. Given the promising preclinical data mentioned above, we hypothesized that improving the quality of nutrition can contribute to the reduction of FM and VAT induced by MHT. The objective of this study was to explore whether relative macronutrient intake, adherence to healthy eating habits and other qualitative elements contribute to the body composition advantages in postmenopausal women of the OsteoLaus cohort taking MHT.




2. Material and Methods


2.1. Setting


OsteoLaus is a sub-study of the CoLaus/PsycoLaus study, an ongoing prospective study aiming to assess the determinants of cardiovascular disease using a population-based sample drawn from the city of Lausanne, Switzerland [16]. Between September 2009 and September 2012, all women aged between 50 and 80 years from the CoLaus/PsycoLaus study were invited to participate in the OsteoLaus sub-study and approximately 85% accepted. The primary aims of OsteoLaus are to compare different models of fracture risk prediction and to assess the relationship between osteoporosis and cardiovascular diseases [17]. CoLaus and OsteoLaus studies were approved by the Institutional Ethics Committee of the University of Lausanne. All participants signed an informed consent form.




2.2. Participants


Of the 1475 postmenopausal women included in OsteoLaus, 1053 had a body composition assessed by Dual X-ray absorptiometry (Discovery A System, Hologic, Inc., Marlborough, MA, USA). Women treated with estrogen-mediated effects (aromatase inhibitors, tamoxifen, antiandrogens) were excluded from this analysis [18]. The participants were subsequently divided into three groups: Current (CU), past (PU) and never users (NU) of MHT. CU were taking MHT at trial entry or discontinued treatment less than six months before trial entry. PU followed MHT for at least six months (otherwise considered as NU) and discontinued MHT at least six months before trial entry (otherwise considered as CU) [18].




2.3. Dietary Data


Dietary data for this group were derived from the nearest CoLaus visit (second visit) who took place within six months before the OsteoLaus inclusion. Dietary intake was assessed using a self-administered, semi-quantitative Food Frequency Questionnaire (FFQ), which also includes portion size and has been validated against 24 h recalls among 626 volunteers from the Geneva population [19]. Data derived from this FFQ have contributed to local and worldwide analysis [20,21]. Concisely, this FFQ assesses the dietary intake of the previous four weeks and consists of 97 different food items that account for more than 90% of the intake of calories, proteins, fat, carbohydrates, alcohol, cholesterol, vitamin D and retinol, and 85% of fiber, carotene and iron. Conversion of the FFQ responses into nutrients was based on the French CIQUAL food composition table. Total energy intake (TEI) was computed, including alcohol consumption.



Dietary patterns were derived using principal components analysis (PCA) based on food consumption frequencies. Food consumption frequencies were defined as follows: Never during the past four weeks = 0; 1 time per month = 1/28; 2–3 times per month = 2.5/28; 1–2 times per week = 1.5/7; 3–4 times per week = 3.5/7; once per day = 1, and ≥ twice per day = 2.5. We identified three dietary patterns: “Meat and fries”, “fruits and vegetables” and “fatty and sugary”. A detailed description of the assessment and characteristics of the dietary patterns is provided elsewhere [22].



Three health diet scores were additionally computed: Two Mediterranean diet scores (the classic [23] and a more recent one adapted to Switzerland [24], as well as the Alternate Healthy Eating Index (AHEI) developed by the Harvard School of Public Health [25]. The particularities of each score, as well as their validation in a Swiss population, have been previously reported [26]. Dietary patterns and diet scores were further categorized into quintiles, and the prevalence of participants in the highest quartile, according to MHT group was assessed.



Participants were dichotomized according to whether they followed the dietary recommendations for fruits, vegetables, meat, fish and dairy products from the Swiss Society of Nutrition (Schweizerische Gesellschaft für Ernährung SGE, 2013). The recommendations were ≥2 fruit portions/day; ≥3 vegetable portions/day; ≤5 meat portions/week; ≥1 fish portion/week and ≥3 dairy products portions/day [27]. As the FFQ queried about fresh and fried fish, two categories were considered: One included and one excluded fried fish. Participants were further dichotomized if they complied with at least three recommendations or not; two categories of compliance with at least three recommendations were created, depending on the type of fish consumed (all or fresh only).




2.4. Covariates


Bodyweight and height were measured using standard procedures [16], and body mass index (BMI) was defined as weight (kg)/height (m)2. Overweight was defined as 25 ≤ BMI < 30 kg/m2 and obesity as BMI ≥ 30 kg/m2. Smoking status was defined as never, former (irrespective of the time since quitting) and current (irrespective of the amount smoked). Diabetes status was defined as a fasting plasma glucose ≥7.0 mmol/L and/or presence of insulin or oral antidiabetic drugs. Physical activity was estimated by a self-administered physical activity frequency questionnaire (PAFQ). The questionnaire listed 70 activities or groups of activities and was validated against the measurement of energy expenditure by heart rate monitor with satisfactory correlations (r = 0.76) between the two methods [28]. For this analysis, only sedentary status (yes/no) was used. Sedentary status was defined when the participant spent less than 10% of her total daily energy expenditure in activities with an intensity over four basal metabolic rate equivalents. Trained collaborators performed the examinations, interviewed the participants, and checked the self-administered questionnaires for completion.




2.5. Statistical Analysis


Statistical analyses were conducted using Stata v15.1 (StataCorp, College Station, TX, USA) for Windows. Descriptive results were expressed as a number of participants (percentage) for categorical variables or as average ± standard deviation for continuous variables. Bivariate analyses were conducted using chi-square for categorical variables and Kruskal-Wallis test for continuous variables. Multivariable analyses (adjusting for total energy intake, age, education, BMI category, sedentary level and diabetes) were conducted using analysis of variance and results were expressed as adjusted average ± standard error. Statistical significance was considered for a two-tailed test with a p-value < 0.05.





3. Results


3.1. Selection of Participants and Characteristics of the Final Sample


Out of the initial sample of 1053 women, 214 (20.3%) were excluded mainly due to absent or incomplete dietary data. The detailed reasons for exclusion are illustrated in Figure 1. The characteristics of included and excluded participants are summarized in Supplementary Table S1. Excluded subjects were significantly older, less educated and more frequently obese and diabetic. The characteristics of the included participants according to MHT status, are shown in Table 1. The three groups differed in age (PU > CU > NU, p < 0.001). CU were significantly thinner than NU (−0.9 kg/m2), which was also reflected by means of a lower percentage of obesity in this group. There was no significant difference in terms of educational level or current/past smoking. CU tended to be less sedentary, and be associated with a lower incidence of diabetes, though without reaching statistical significance.




3.2. Menopausal Hormone Therapy and Dietary Intake


Data on the consumption of different nutrients according to MHT status are displayed in Table 2. The three groups did not significantly differ regarding TEI. Analysis of macronutrients showed similar results between groups except for higher vegetal protein and fiber intake in PU, which did not persist after multivariate adjustment. In particular, CU did not exhibit a lower consumption of carbohydrates or saturated fatty acids (SFA) compared with NU. PU significantly exceeded the other groups in terms of iron intake, as well as consumption of fruits when combined with juices.




3.3. Menopause Hormone Therapy and Dietary Patterns


Three patterns were examined, as recently identified in the French-speaking population of Switzerland [20]: Meat and chips, fruits and vegetables, and fat and sugar. Adherence to each dietary pattern according to MHT status is shown in Table 2 (negative scores indicating low adherence and vice versa), whereas the prevalence rate ratios (PRRs, and 95% confidence interval) of being in the highest quintile relative to the other four are illustrated in Table 3. Overall, all groups were associated with low adherence to the meat and chips. A significantly higher adherence for the fruits and vegetables was observed in PU, a finding that was lessened following multivariate adjustments. Both MHT groups exhibited a tendency to negative scores for the fat and sugar pattern in contrast to NU. When focusing the analysis to the probability of being in the highest quintile for this pattern (Table 3), both CU and PU had significantly lower PRRs in comparison to NU.




3.4. Menopause Hormone Therapy and Dietary Scores


Mean values of dietary scores according to MHT status, are summarized in Table 2. Both CU and PU groups scored higher than NU for all three respective scores with their performance becoming statistically higher for the revised Mediterranean dietary score. However, this difference did not translate to a significantly higher odds ratio for being in the highest quintile for any of the examined scores (Table 3).




3.5. Menopause Hormone Therapy and Dietary Recommendations


Compliance with dietary recommendations according to MHT status is illustrated in Table 3. The bivariate analysis was remarkable for higher adherence of PU and to a lesser extent CU to the intake of at least two fruits per day and the respect of at least three recommendations overall. Nevertheless, these differences were no longer statistically significant after multivariate adjustment.





4. Discussion


In this cross-sectional analysis of the OsteoLaus cohort, no significant differences regarding dietary intake were found according to MHT status. These results argue against a major role of caloric intake and diet quality as possible mediators of the metabolic benefits of MHT.



4.1. Menopause Hormone Therapy, Weight Change and Caloric Intake


Though less extensively studied than the impact of MT on bone, a trend towards weight gain and visceral fat accumulation is regularly found in longitudinal studies [5,29]. In the current study, women taking MHT exhibited lower BMI, which was not explained by reduced TEI. These results are in agreement with the few available human studies. Lovejoy et al. followed longitudinally 156 middle-aged women for four years, during which 51 became postmenopausal [29]. Postmenopausal women selectively gained more VAT, a finding accompanied by decreased sleeping energy expenditure and fat oxidation. No increase in caloric intake was observed during the MT. A large observational study of healthy perimenopausal women (n = 907) detected postmenopausal weight gain independently of MHT use, and without a concomitant increase of food intake [30]. The only available randomized, double-blind, placebo-controlled trial that assessed energy intake was conducted in a small sample size (n = 14 per group) and showed a non-significant 12% decrease in the MHT group over two years [31]. Caloric intake did not change after one year of MHT in two other small non-randomized studies [32,33].



In our study, a detailed analysis of macro- and micronutrient consumption did not reveal any beneficial differences in CU, notably regarding SFA, which are traditionally considered as metabolically deleterious. A link between estrogen and food composition is suggested by an animal study in which oophorectomized rats exhibited hyperphagia with a predominant increase in dietary fat intake secondary to estrogen deficiency [13]. In their longitudinal study across the MT, Lovejoy et al. observed increased cholesterol and SFA intake during the first post-menopausal years [29]. Only a few non-randomized and small-sized studies have assessed the effect of MHT on food composition and did not detect any preferential intake of macronutrients [32,33,34]. It is possible that MHT does not fully reverse the macronutrient preferences induced by menopause, due to significant differences in comparison with pre-menopausal sex steroids levels. Notably, the majority of MHT regimes implement continuous progestin doses, which is in contrast to the cyclic rise of progesterone in naturally menstruating women. Progestins have been shown to antagonize estrogens and promote binge eating, which may explain in part the observed differences [35].




4.2. Menopause Hormone Therapy and Diet Quality (Dietary Patterns, Scores, Recommendations)


The effect of estrogens on energy intake may not be limited to quantitative changes, but also encompass changes in diet quality. In a large Australia study, the eating habits of more than 1500 participants aged 25 to 75 were monitored for more than 15 years [36]. The results highlighted that MHT is an independent factor associated with improved diet quality in women. Besides the analysis of diet composition, diet quality can be assessed by other parameters, such as dietary patterns, dietary scores, and compliance with dietary recommendations and. To our knowledge, this is the first study evaluating the effect of MHT on such parameters.



Dietary patterns are a reliable indicator for an overall assessment of individual’s diet [37] and have been validated to be strongly associated with chronic diseases such as type 2 diabetes [38]. Overall, CU had a tendency to a lower adherence to both unhealthy patterns and a statistically significant higher adherence to ‘fruits and vegetables’ pattern as compared to NU. But these differences disappeared after adjustment for covariates. However, CU were significantly less likely to be in the highest quintile for the ‘fat and sugar’ pattern than NU, even after multivariate analysis. Interestingly, this pattern exhibited strong correlations with total energy intake and saturated fat among CoLaus participants [22]. However, in the absence of other concordant results on macronutrients analysis, and given the cross-sectional design of the study, this isolated finding should be interpreted with caution. In addition, this pattern was also present in PU which did not show any body composition advantage in our previous study [6].



Interestingly, a statistical difference (PU > CU > NU) was detected for the revised Mediterranean score, while no difference was found for the other ones. The revised Mediterranean score is considered to be more adapted to the Swiss population [24]. PU scored even higher than CU, an advantage deriving from a preferential consumption of fruits and vegetables in this group.



In agreement with the majority of our results and following a multivariate adjustment, the three groups did not differ regarding compliance with the Swiss dietary recommendations. There are no previous reports regarding the effect of MHT or other estrogen-based preparations on this outcome. Recently, an analysis of the PsyCoLaus cohort, which includes all the participants of the OsteoLaus cohort, did not find any significant association between adherence to the same dietary recommendations and the incidence of major depressive disorder [39].




4.3. Study Limitations and Strengths


This study has several limitations. First, excluded participants differed significantly from those included in the analysis. Hence, it is possible that our findings do not apply to the whole population of postmenopausal women. The cross-sectional setting of the study only allows establishing associations, and no causal inferences can be drawn. As with all observation trials on MHT, it is possible that some of the differences are due to a selection bias, given that women starting MHT tend to have a healthier lifestyle [40]. However, there was no difference between groups in terms of education level and smoking, two cardinal components of the ‘healthy women bias’ in previous studies. Information regarding the type of MHT (estrogen-alone or estrogen/progestin) and the route of administration (oral, transdermal, vaginal) was self-reported, preventing us from reliably assessing these factors and their differential effect on body composition or nutrition. Further, we were unable to verify the adherence of participants to MHT. The vast majority of participants were Caucasians, limiting the generalization of the study’s conclusions to women of different ethnic backgrounds.



Conversely, our study has several strengths. To the best of our knowledge, this is the first large-scale transversal study that thoroughly explores both quantitative and qualitative aspects of dietary behavior according to MHT status. The implementation of several parameters (dietary patterns, compliance with dietary guidelines, macro- and micronutrients estimations) allowed for a global approach with different tools complementing each other. In addition, current and past MHT users were distinguished. The large sample of the OsteoLaus cohort allowed for adequate statistical power. All nutritional assessment was based on standardized tools which had been previously tested and validated in the French-speaking population of Switzerland.





5. Conclusions


In conclusion, we did not observe any meaningful associations between MHT users and improved eating habits. It is, therefore, unlikely that improved dietary behavior could explain the previously observed reduction of total and visceral adiposity in current MHT users. Future research on the relationship between estrogens and body composition should focus on other potential modifiers, such as resting energy expenditure and physical activity.








Supplementary Materials


The following are available online at https://www.mdpi.com/2072-6643/11/8/1930/s1, Table S1. Characteristics of the participants included and excluded from the analysis, OsteoLaus study, Lausanne, Switzerland.





Author Contributions


Conceptualization, G.E.P. and O.L.; Methodology, P.M.-V.; Software, P.M.-V.; Validation, G.E.P., O.L. and P.M.-V.; Formal Analysis, P.M.V.; Investigation, G.E.P.; Resources, O.L., P.M.-V., G.W. and P.V.; Data Curation, P.M.-V.; Writing—Original Draft Preparation, G.E.P.; Writing—Review and Editing, P.M.-V., E.G.R. and O.L.; Visualization, G.E.P. and P.M.-V.; Supervision, O.L.; Project Administration, G.E.P.; Funding Acquisition, D.H., G.W., P.V. and O.L.




Funding


This research received no external funding.




Acknowledgments


The CoLaus study was and is supported by research grants from GlaxoSmithKline, the Faculty of Biology and Medicine of Lausanne, and the Swiss National Science Foundation (grants 33CSCO-122661, 33CS30-139468, 33CS30-148401). The OsteoLaus study was/is supported by research grants from Lausanne University Hospital (CHUV—Strategic plan funds) and the Swiss National Science Foundation (grants 32473B_156978). The funding source had no involvement in the study design, data collection, analysis and interpretation, writing of the report, or decision to submit the article for publication.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Burger, H.G.; Dudley, E.C.; Hopper, J.L.; Shelley, J.M.; Green, A.; Smith, A.; Dennerstein, L.; Morse, C. The endocrinology of the menopausal transition: A cross-sectional study of a population-based sample. J. Clin. Endocrinol. Metab. 1995, 80, 3537–3545. [Google Scholar] [CrossRef] [PubMed]

	



Politi, M.C.; Schleinitz, M.D.; Col, N.F. Revisiting the duration of vasomotor symptoms of menopause: A meta-analysis. J. Gen. Intern. Med. 2008, 23, 1507–1513. [Google Scholar] [CrossRef] [PubMed]

	



Greendale, G.A.; Sowers, M.; Han, W.; Huang, M.H.; Finkelstein, J.S.; Crandall, C.J.; Lee, J.S.; Karlamangla, A.S. Bone mineral density loss in relation to the final menstrual period in a multiethnic cohort: Results from the Study of Women’s Health Across the Nation (SWAN). J. Bone Miner. Res. 2012, 27, 111–118. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Q.; Hassager, C.; Ravn, P.; Wang, S.; Christiansen, C. Total and regional body-composition changes in early postmenopausal women: Age-related or menopause-related? Am. J. Clin. Nutr. 1994, 60, 843–848. [Google Scholar] [CrossRef] [PubMed]

	



Greendale, G.A.; Sternfeld, B.; Huang, M.; Han, W.; Karvonen-Gutierrez, C.; Ruppert, K.; Cauley, J.A.; Finkelstein, J.S.; Jiang, S.F.; Karlamangla, A.S. Changes in body composition and weight during the menopause transition. JCI Insight 2019, 4, 124865. [Google Scholar] [CrossRef] [PubMed]

	



Papadakis, G.E.; Hans, D.; Rodriguez, E.G.; Vollenweider, P.; Waeber, G.; Marques-Vidal, P.; Lamy, O. Menopausal Hormone Therapy Is Associated with Reduced Total and Visceral Adiposity: The OsteoLaus Cohort. J. Clin. Endocrinol. Metab. 2018, 103, 1948–1957. [Google Scholar] [CrossRef] [PubMed]

	



Pedersen, S.B.; Kristensen, K.; Hermann, P.A.; Katzenellenbogen, J.A.; Richelsen, B. Estrogen controls lipolysis by up-regulating alpha2A-adrenergic receptors directly in human adipose tissue through the estrogen receptor alpha. Implications for the female fat distribution. J. Clin. Endocrinol. Metab. 2004, 89, 1869–1878. [Google Scholar] [CrossRef] [PubMed]

	



Torres, M.J.; Kew, K.A.; Ryan, T.E.; Pennington, E.R.; Lin, C.T.; Buddo, K.A.; Fix, A.M.; Smith, C.A.; Gilliam, L.A.; Karvinen, S.; et al. 17beta-Estradiol Directly Lowers Mitochondrial Membrane Microviscosity and Improves Bioenergetic Function in Skeletal Muscle. Cell Metab. 2018, 27, 167–179. [Google Scholar] [CrossRef] [PubMed]

	



Van Pelt, R.E.; Gavin, K.M.; Kohrt, W.M. Regulation of Body Composition and Bioenergetics by Estrogens. Endocrinol. Metab. Clin. N. Am. 2015, 44, 663–676. [Google Scholar] [CrossRef] [PubMed]

	



Leeners, B.; Geary, N.; Tobler, P.N.; Asarian, L. Ovarian hormones and obesity. Hum. Reprod. Update 2017, 23, 300–321. [Google Scholar] [CrossRef]

	



Mauvais-Jarvis, F.; Clegg, D.J.; Hevener, A.L. The role of estrogens in control of energy balance and glucose homeostasis. Endocr. Rev. 2013, 34, 309–338. [Google Scholar] [CrossRef] [PubMed]

	



Asarian, L.; Geary, N. Sex differences in the physiology of eating. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2013, 305, R1215–R1267. [Google Scholar] [CrossRef] [PubMed]

	



Geiselman, P.J.; Martin, J.R.; Vanderweele, D.A.; Novin, D. Dietary self-selection in cycling and neonatally ovariectomized rats. Appetite 1981, 2, 87–101. [Google Scholar] [CrossRef]

	



Sullivan, E.L.; Daniels, A.J.; Koegler, F.H.; Cameron, J.L. Evidence in female rhesus monkeys (Macaca mulatta) that nighttime caloric intake is not associated with weight gain. Obes. Res. 2005, 13, 2072–2080. [Google Scholar] [CrossRef] [PubMed]

	



Xu, Y.; Nedungadi, T.P.; Zhu, L.; Sobhani, N.; Irani, B.G.; Davis, K.E.; Zhang, X.; Zou, F.; Gent, L.M.; Hahner, L.D.; et al. Distinct hypothalamic neurons mediate estrogenic effects on energy homeostasis and reproduction. Cell Metab. 2011, 14, 453–465. [Google Scholar] [CrossRef]

	



Firmann, M.; Mayor, V.; Vidal, P.M.; Bochud, M.; Pecoud, A.; Hayoz, D.; Paccaud, F.; Preisig, M.; Song, K.S.; Yuan, X.; et al. The CoLaus study: A population-based study to investigate the epidemiology and genetic determinants of cardiovascular risk factors and metabolic syndrome. BMC Cardiovasc. Disord. 2008, 8, 6. [Google Scholar] [CrossRef]

	



Shevroja, E.; Marques-Vidal, P.; Aubry-Rozier, B.; Hans, G.; Rivadeneira, F.; Lamy, O.; Hans, D. Cohort profile: The OsteoLaus study. Int. J. Epidemiol. 2018. [Google Scholar] [CrossRef]

	



Papadakis, G.E.; Lamy, O. Effects of menopausal hormone therapy on bone and body composition. Osteologie 2019, 28, 122–130. [Google Scholar] [CrossRef]

	



Bernstein, M.; Morabia, A.; Costanza, M.C.; Landis, J.R.; Ross, A.; Flandre, P.; Luong, B.L.; Kumanyika, S.; Sorenson, A.; Localio, R. Nutritional balance of the diet of the adult residents of Geneva. Soz. Praventivmed. 1994, 39, 333–344. [Google Scholar] [CrossRef]

	



Marques-Vidal, P.; Gaspoz, J.M.; Theler, J.M.; Guessous, I. Twenty-year trends in dietary patterns in French-speaking Switzerland: Toward healthier eating. Am. J. Clin. Nutr. 2017, 106, 217–224. [Google Scholar] [CrossRef]

	



Micha, R.; Khatibzadeh, S.; Shi, P.; Fahimi, S.; Lim, S.; Andrews, K.G.; Engell, R.E.; Powles, J.; Ezzati, M.; Mozaffarian, D.; et al. Global, regional, and national consumption levels of dietary fats and oils in 1990 and 2010: A systematic analysis including 266 country-specific nutrition surveys. BMJ 2014, 348, g2272. [Google Scholar] [CrossRef] [PubMed]

	



Marques-Vidal, P.; Waeber, G.; Vollenweider, P.; Guessous, I. Socio-demographic and lifestyle determinants of dietary patterns in French-speaking Switzerland, 2009-2012. BMC Public Health 2018, 18, 131. [Google Scholar] [CrossRef] [PubMed]

	



Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean diet and survival in a Greek population. N. Engl. J. Med. 2003, 348, 2599–2608. [Google Scholar] [CrossRef] [PubMed]

	



Vormund, K.; Braun, J.; Rohrmann, S.; Bopp, M.; Ballmer, P.; Faeh, D. Mediterranean diet and mortality in Switzerland: An alpine paradox? Eur. J. Nutr. 2015, 54, 139–148. [Google Scholar] [CrossRef] [PubMed]

	



Guenther, P.M.; Kirkpatrick, S.I.; Reedy, J.; Krebs-Smith, S.M.; Buckman, D.W.; Dodd, K.W.; Casavale, K.O.; Carroll, R.J. The Healthy Eating Index-2010 is a valid and reliable measure of diet quality according to the 2010 Dietary Guidelines for Americans. J. Nutr. 2014, 144, 399–407. [Google Scholar] [CrossRef] [PubMed]

	



Marques-Vidal, P.; Waeber, G.; Vollenweider, P.; Bochud, M.; Stringhini, S.; Guessous, I. Sociodemographic and Behavioural Determinants of a Healthy Diet in Switzerland. Ann. Nutr. Metab. 2015, 67, 87–95. [Google Scholar] [CrossRef] [PubMed]

	



de Abreu, D.; Guessous, I.; Vaucher, J.; Preisig, M.; Waeber, G.; Vollenweider, P.; Marques-Vidal, P. Low compliance with dietary recommendations for food intake among adults. Clin. Nutr. 2013, 32, 783–788. [Google Scholar] [CrossRef] [PubMed]

	



Bernstein, M.; Sloutskis, D.; Kumanyika, S.; Sparti, A.; Schutz, Y.; Morabia, A. Data-based approach for developing a physical activity frequency questionnaire. Am. J. Epidemiol. 1998, 147, 147–154. [Google Scholar] [CrossRef]

	



Lovejoy, J.C.; Champagne, C.M.; de Jonge, L.; Xie, H.; Smith, S.R. Increased visceral fat and decreased energy expenditure during the menopausal transition. Int. J. Obes. Lond 2008, 32, 949–958. [Google Scholar] [CrossRef]

	



Macdonald, H.M.; New, S.A.; Campbell, M.K.; Reid, D.M. Longitudinal changes in weight in perimenopausal and early postmenopausal women: Effects of dietary energy intake, energy expenditure, dietary calcium intake and hormone replacement therapy. Int. J. Obes. Relat. Metab. Disord. 2003, 27, 669–676. [Google Scholar] [CrossRef]

	



Sites, C.K.; L’Hommedieu, G.D.; Toth, M.J.; Brochu, M.; Cooper, B.C.; Fairhurst, P.A. The effect of hormone replacement therapy on body composition, body fat distribution, and insulin sensitivity in menopausal women: A randomized, double-blind, placebo-controlled trial. J. Clin. Endocrinol. Metab. 2005, 90, 2701–2707. [Google Scholar] [CrossRef] [PubMed]

	



Reubinoff, B.E.; Wurtman, J.; Rojansky, N.; Adler, D.; Stein, P.; Schenker, J.G.; Brzezinski, A. Effects of hormone replacement therapy on weight, body composition, fat distribution, and food intake in early postmenopausal women: A prospective study. Fertil. Steril. 1995, 64, 963–968. [Google Scholar] [CrossRef]

	



Reimer, R.A.; Debert, C.T.; House, J.L.; Poulin, M.J. Dietary and metabolic differences in pre- versus postmenopausal women taking or not taking hormone replacement therapy. Physiol. Behav. 2005, 84, 303–312. [Google Scholar] [CrossRef] [PubMed]

	



Vercambre, M.N.; Fournier, A.; Boutron-Ruault, M.C.; Clavel-Chapelon, F.; Ringa, V.; Berr, C. Differential dietary nutrient intake according to hormone replacement therapy use: An underestimated confounding factor in epidemiologic studies? Am. J. Epidemiol. 2007, 166, 1451–1460. [Google Scholar] [CrossRef] [PubMed]

	



Klump, K.L.; Racine, S.E.; Hildebrandt, B.; Burt, S.A.; Neale, M.; Sisk, C.L.; Boker, S.; Keel, P.K. Ovarian Hormone Influences on Dysregulated Eating: A Comparison of Associations in Women with versus without Binge Episodes. Clin. Psychol. Sci. 2014, 2, 545–559. [Google Scholar] [CrossRef] [PubMed]

	



Arabshahi, S.; Lahmann, P.H.; Williams, G.M.; Marks, G.C.; van der Pols, J.C. Longitudinal change in diet quality in Australian adults varies by demographic, socio-economic, and lifestyle characteristics. J. Nutr. 2011, 141, 1871–1879. [Google Scholar] [CrossRef]

	



Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002, 13, 3–9. [Google Scholar] [CrossRef]

	



Jinlin, F.; Binyou, W.; Terry, C. A new approach to the study of diet and risk of type 2 diabetes. J. Postgrad. Med. 2007, 53, 139–143. [Google Scholar]

	



Richard, A.; Rohrmann, S.; Vandeleur, C.L.; Lasserre, A.M.; Strippoli, M.F.; Eichholzer, M.; Glaus, J.; Marques-Vidal, P.; Vollenweider, P.; Preisig, M. Adherence to dietary recommendations is not associated with depression in two Swiss population-based samples. Psychiatry Res. 2017, 252, 310–318. [Google Scholar] [CrossRef]

	



Aguilar-Salinas, C.A.; Garcia-Garcia, E.; Gomez Perez, F.J.; Rull, J.A. The healthy women bias and hormone replacement therapy in women with type 2 diabetes. Diabetes Care 2002, 25, 246–247. [Google Scholar] [CrossRef]








[image: Nutrients 11 01930 g001 550]





Figure 1. Flow chart of the study. Selection procedure of the participants of the OsteoLaus study, Lausanne, Switzerland. TEI, Total Energy Intake. 
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Table 1. Characteristics of the participants according to menopausal hormone therapy.
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	Characteristic
	Never
	Current
	Past
	p-Value





	Number
	432
	180
	227
	



	Age (years)
	60.8 ± 7.5
	62.5 ± 6.8
	66.9 ± 6.2
	<0.001



	Educational level (%)
	
	
	
	0.177



	University
	71 (16.4)
	34 (18.9)
	36 (15.9)
	



	High school
	115 (26.6)
	47 (26.1)
	58 (25.6)
	



	Apprenticeship
	174 