
439© Springer Nature Switzerland AG 2019
F. R. Pérez-López (ed.), Postmenopausal Diseases and Disorders, 
https://doi.org/10.1007/978-3-030-13936-0_29

S. Marshall 
Bond Institute of Health and Sport, Robina, QLD, Australia
e-mail: skye_marshall@bond.edu.au 

M. Rees (*) 
University of Oxford, Oxford, UK 

Faculty of Medicine, University of Glasgow, Glasgow, UK 

Robert Wood Johnson Medical School, Rutgers University, New Brunswick, NJ, USA
e-mail: margaret.rees@st-hildas.ox.ac.uk

29Managing Menopause and Post- 
reproductive Health: Beyond Hormones 
and Medicines

Skye Marshall and Margaret Rees

29.1  Introduction

Women and health professionals have been exploring nonhormonal- and 
nonmedication- based approaches to managing menopausal symptoms and optimis-
ing post-reproductive health for many years. In 2002 and 2003, the first publications 
of the Women’s Health Initiative and Million Women studies on menopausal hor-
mone therapy (MHT) raised safety concerns with regard to cancer and cardiovascu-
lar risks [1, 2]. Although long-term follow-up has shown no association between 
MHT and all-cause, cancer-related or cardiovascular-related mortality and guide-
lines have supported its use, there are still concerns about continuation beyond the 
age of 60 [3–5]. Furthermore, the US Preventive Task Force does not recommend 
the use of MHT for the primary prevention of chronic diseases after the menopause 
[6]. As women are living longer, there are increasing concerns about chronic disease 
such as cardiovascular disease, osteoporosis, dementia and cognitive decline which 
can adversely affect quality of life and independent living. The focus of a holistic 
approach is to have a high quality of life and maintain independence—specifically 
by maintaining bone and muscle mass, function and strength and cognition. Both 
physical activity and an adequate diet are required for that.
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The World Health Organization has raised concerns about physical inactivity and 
provided general guidance regarding physical activity in people aged over 65 [7, 8]. 
Thus:

 1. Older adults should do at least 150 min of moderate-intensity aerobic physical 
activity throughout the week or do at least 75 min of vigorous-intensity aerobic 
physical activity throughout the week or an equivalent combination of moderate- 
and vigorous-intensity activity.

 2. Aerobic activity should be performed in bouts of at least 10 min duration.
 3. For additional health benefits, older adults should increase their moderate- 

intensity aerobic physical activity to 300 min per week or engage in 150 min of 
vigorous-intensity aerobic physical activity per week or an equivalent combina-
tion of moderate-and vigorous-intensity activity.

 4. Older adults, with poor mobility, should perform physical activity to enhance 
balance and prevent falls on 3 or more days per week.

 5. Muscle-strengthening activities, involving major muscle groups, should be done 
on 2 or more days a week.

 6. When older adults cannot do the recommended amounts of physical activity due 
to health conditions, they should be as physically active as their abilities and 
conditions allow [8].

In addition to meeting age- and gender-related nutrient targets, there has been 
increasing focus on the additional health benefits of specific dietary patterns, such 
as the Mediterranean diet, the DASH (Dietary Approaches to Stop Hypertension) 
diet, the MIND (Mediterranean-DASH Intervention for Neurodegenerative Delay) 
diet and the Okinawa diet [9]. However, whether benefits are attained when imple-
menting these dietary strategies in later years as opposed to long-term adherence 
requires examination [9]. Maintaining lean body mass is important, as protein- 
energy malnutrition in older people, which can occur at any weight, can cause 
decreased quality of life and independence and increased morbidity and mortality 
[10–12].

This chapter will explore the recent evidence (published within the past 10 years) 
for diet and exercise lifestyle options for post-reproductive health in women, spe-
cifically examining interventions for menopausal vasomotor symptoms, cardiovas-
cular disease, osteoporosis, dementia and cognitive decline.

29.2  Menopausal Vasomotor Symptoms

Menopausal vasomotor symptoms (VMS), including hot flushes and night sweats, 
are experienced by up to 80% of women during menopause, making them the most 
common menopausal symptoms with a significant negative impact on quality of life 
[13]. Hot flushes are most frequent in the 12 months following the final menstrual 
period; and total duration of symptoms is heavily dependent upon the timing of 
symptom onset, where onset during premenopause can increase duration to over 
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10 years and onset after menopause may limit duration to less than 4 years [14–18]. 
Other factors associated with increased duration of symptoms have been identified 
as younger age, stress, depression, symptom sensitivity, African American ethnicity, 
higher BMI and increased abdominal adiposity [15, 16, 19]. Non-medical manage-
ment options recommended by the National Institute for Health and Care Excellence 
(NICE) include regular exercise, achieving a healthy body weight, avoiding possi-
ble triggers (such as spicy foods, caffeine, smoking, alcohol), reducing stress and 
environmental changes such as wearing lighter clothing and sleeping in a cooler 
room [20].

29.2.1  Dietary Interventions for the Improvement of Menopausal 
Vasomotor Symptoms

There is observational and interventional evidence to suggest that adherence to 
dietary guidelines, and a high consumption of plant-based foods in particular, is 
associated with decreased longevity and severity of VMS independent of weight 
loss.

The Australian Longitudinal Study on Women’s Health (n = 6040 women with a 
natural menopause) found that consumption of either a fruit-based dietary pattern or 
a Mediterranean-style diet decreased the odds of reporting vasomotor symptoms by 
approximately 20% (OR, 0.81 [95%CI, 0.71–0.93] P < 0.001 and OR, 0.80 [95%CI, 
0.69–0.92] P < 0.001, respectively) [21]. Conversely, dietary patterns with a high 
intake of fat and sugar increased the risk of vasomotor symptoms [21]. Similarly, 
Beezhold et  al. found that perimenopausal vegans and women with the highest 
intakes of vegetables or berries reported the least bothersome vasomotor symptoms 
[22]. However, these observational findings reflect long-term usual dietary habits 
and provide no evidence as to whether the same benefits are realised if changes are 
made once symptoms commence.

The Women’s Health Initiative (n = 6104 postmenopausal women with VMS) 
randomised controlled trial (RCT) delivered intensive education and counselling to 
achieve a dietary pattern which aimed for a low total dietary fat intake (<20% of 
total energy), high fruit and vegetable intake (≥5 serves/day) and high whole-grain 
intake (6 serves/day) [23]. The dietary intervention, which is focussed on increasing 
plant-based foods and reflects most dietary guidelines [24], resulted in 14% 
increased likelihood of VMS elimination at 1-year follow-up (multivariate OR, 1.14 
[95%CI, 1.01–1.28] P = 0.04); however, there was no significant improvement in 
those who had moderate to severe symptoms at baseline (multivariate OR, 1.10 
[95%CI, 0.81–1.48] P = 0.54) [23]. The improvement in symptoms was driven by 
both the changes in dietary patterns and changes in adiposity, where those in the 
intervention were 330% more likely to lose ≥5 lbs (OR, 3.3 [95%CI, 3.1–3.5]) and 
those in the control group were 230% more likely to gain ≥5 lbs (OR, 2.3 [95%CI, 
2.1–2.25]) [23]. However, the change in dietary pattern still produced beneficial 
effects even in the context of weight gain, where women in the intervention group 
who gained ≥10 lbs were still 52% more likely to eliminate symptoms than women 
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who maintained weight in the control group (uncontrolled OR, 1.52 [95%CI, 1.02–
2.27]) [23]. Thus the effect of the plant-based dietary intervention on VMS was over 
and above the effect of weight change, suggesting that plant-based dietary patterns 
are important and give a substantial benefit whether or not the individual is able to 
achieve a healthy body composition [25].

Supporting this, studies which examined the effect of non-plant-based diet, exer-
cise and/or surgery-induced weight loss have found minimal or no effect on VMS 
improvement once change in weight is controlled for. A randomised trial (n = 338 
women with high BMIs) [26], which aimed to induce weight loss via a low-calorie 
diet (1200–1500 kcal/day) and increased physical activity over 6 months, found that 
women with hot flushes at baseline were 223% likely to report a slight improvement 
in VMS (unadjusted OR, 2.23 [95%CI, 1.19–4.15] P  =  0.01). However, when 
adjusted for the weight loss and other confounding variables, the low-energy but 
non-plant-based diet and physical activity had no effect on VMS (adjusted OR, 1.92 
[95%CI, 0.95–3.89] P > 0.05) [26]. Weight loss induced by bariatric surgery (n = 69 
women with VMS) resulted in a decrease in the severity of hot flushes at 6 months 
post-surgery; however, there was no significant change in the prevalence of vasomo-
tor symptoms or vaginal dryness [27].

Therefore, to reduce the duration and severity of VMS, available evidence sug-
gests that before and/or at the onset of menopausal symptoms, women should be 
supported to consume a plant-based dietary pattern which suits their preferences 
and resources and to achieve a healthy body composition through decreased adipos-
ity if possible.

29.2.2  Nutraceutical and Herbal Interventions 
for the Improvement of Menopausal Vasomotor 
Symptoms

In line with the finding of dietary patterns, evidence for the use of supplements to 
improve VMS shows support for plant-based therapies and phytoestrogens (plant- 
derived xenoestrogens) in particular. A meta-analysis of 18 studies (n = 4 studies 
using dietary soy isoflavones; n  =  14 studies using phytoestrogen supplements) 
showed that phytoestrogen consumption decreased hot flush incidence by 1.12 
(95%CI, –1.12 to −0.95) per day [28]. Two pooled studies of phytoestrogens found 
night sweat incidence decreased by 1.44 (95%CI, –1.77 to −1.11) per day [28]. The 
meta-analysis also found some evidence for some herbal supplements, where black 
cohosh decreased hot flush incidence by 1.12 (95%CI, –1.46 to −0.77; n = 4 stud-
ies) per day and red clover (a source of phytoestrogens) reduced hot flush incidence 
by 0.69 (95%CI, –1.12 to −0.27; n = 7 studies) per day [28]. However, confidence 
in these estimated effect sizes is low due to large variance between studies, where 
many studies reported no effect of phytoestrogen or herbal supplementation. The 
same group has also found that phytoestrogen supplementation is associated with an 
increase in body weight which per se may affect VMS [29]. Regarding other supple-
ments commonly used for VMS, the small amount of evidence for Chinese 
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medicinal herbs and non-Chinese medicinal herbs shows no likelihood of benefit 
[28]. A more recent well-designed RCT found evidence supporting the combined 
supplementation of red clover isoflavone extract and lactic acid probiotics, where 
12  months of supplementation resulted in decreased hot flush incidence of 4.3 
(95%CI, −6.8 to −2.3) per day; the severity of the flushes also substantially 
decreased [30].

Currently, evidence is not yet convincing enough to support recommendation of 
plant and/or herbal supplements for the relief of VMS. This is particularly important 
in the context of safety concerns, where there is evidence of serious adverse events. 
Of the supplements used for VMS, black cohosh caused most serious adverse events 
and has resulted in cases of liver failure (requiring liver transplants in some cases), 
nerve and heart damage and death [31, 32]. Soybean supplementation has been 
found to have drug interactions (with levothyroxine, seaweed and estradiol) and, 
when used with melatonin in relieving menopausal symptoms, leads to a case of 
heart complications, drowsiness and headache [31]. Red clover appears to have the 
least reported adverse events, with only one documented case [31].

29.2.3  Avoidance of Dietary Triggers for the Management 
of Menopausal Vasomotor Symptoms

The avoidance of caffeine, spices and alcohol as possible triggers of hot flushes are 
frequently recommended and are even included on the NICE guidelines [20]; how-
ever, there has been a paucity of research examining association of these dietary 
components and VMS. Studies with measurement of Scoville heat units or capsa-
icin content of spicy foods are lacking. A large cross-sectional observational study 
of Spanish-speaking women found some association between very frequent con-
sumption of spicy foods and hot flushes, but no association with occasional con-
sumption [33]. The study also found no association of VMS with alcohol 
consumption [33]. A small cross-sectional study found an association between caf-
feine intake and greater VMS [34]. It should be acknowledged that cross-sectional 
research gives no evidence of causality; and clinical trials are needed prior to sug-
gesting menopausal women change their preferred dietary behaviours, especially if 
such changes may decrease quality of life or social engagement or limit adherence 
to a plant-based diet (in the context of limiting spicy foods).

29.2.4  Exercise

While exercise is promoted for its general health benefits, studies examining its 
effect on VMS are conflicting. In 2014 a Cochrane systematic review (n = 5 RCTs, 
n = 733 women), comparing exercise with no active treatment, exercise with yoga 
and exercise with MHT, was found insufficient to show whether exercise is an effec-
tive treatment for VMS [35]. A three-arm RCT [36] (n = 261 women) compared two 
6-month exercise interventions and a control group, where participants in both 
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exercise interventions groups were offered two face-to-face consultations with a 
physical activity facilitator to support engagement in regular exercise [36]. In addi-
tion, one exercise group received a menopause-specific information DVD and writ-
ten materials to encourage regular exercise, and the other exercise group was offered 
the opportunity to attend exercise social support groups in their communities. At 
6 months neither of the exercise intervention groups reported significantly less fre-
quent hot flushes/night sweats per week than controls. The cross-sectional Spanish 
Flamenco project (n = 191 perimenopausal women) found no association between 
physical fitness and VMSs [37]; however, the Blatt-Kupperman menopausal index 
was used, whose validity has been questioned [38].

Conversely, some studies have reported beneficial outcomes following exercise 
interventions. An RCT involving 154 women that were provided with aerobic train-
ing for 6 months reported reduced prevalence of VMS for up to 4 years [39, 40]. The 
evidence with regard to other exercise modalities such yoga, Tai Chi and Pilates is 
limited, although two systematic reviews have found that yoga may be useful for 
bothersome vasomotor symptoms [41, 42].

Therefore, although the evidence is not strong for exercise producing additional 
benefits for VMS symptoms, it should continue to be encouraged for the meno-
pausal and postmenopausal women due to its benefit on overall health and 
wellbeing.

29.3  Cardiovascular Disease

Cardiovascular disease (CVD) in women is the number one cause of death world-
wide [43]. An estimated 17.7 million people died from CVDs in 2015, representing 
31% of all global deaths. Of these deaths, an estimated 7.4 million was due to coro-
nary heart disease, and 6.7 million was due to stroke. In Europe, CVD is responsible 
for over 3.9 million deaths a year or 45% of all deaths. In men, CVD accounts for 
40% of all deaths, while in women, it is responsible for 49% of all deaths. By com-
parison, cancer accounts for just under 24% in men and just under 20% in women 
[44]. Modifiable risk factors for CVD include smoking, physical inactivity, central 
adiposity, excessive alcohol consumption and saturated and trans fats [45, 46].

As with lifestyle approaches to managing VMS, plant-based dietary patterns and 
physical activity are important for decreasing the risk of CVD. To help prevent heart 
attacks and strokes, the WHO recommend daily physical activity for at least 30 min, 
consuming at ≥5 serves of fruit and vegetables and limiting salt to 1 teaspoon [47].

29.3.1  Dietary Interventions to Decrease Risk of Cardiovascular 
Disease

Over the past several decades, there has been much debate and research focussed 
around the causative and/or preventative effects of single nutrients or foods on car-
diovascular health [48]. These ongoing debates around the best or worst type of 
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fatty acid, low-carbohydrate versus low-fat diets or modifying dairy or types of 
meat have distracted from the fact that humans do not eat foods or nutrients in isola-
tion, leading to no consistent evidence about which approach is superior or how it 
should fit into the overall diet [49, 50]. Reflecting the importance of the overall bal-
ance of foods and synergistic effects between nutrients in a meal, both researchers 
and clinicians are instead shifting focus to examine the overall dietary pattern and 
its influence on health [49]. Although the American Heart Association still recom-
mends changes to single nutrients, such as shifting from saturated to unsaturated 
fats, they recommend that this should occur simultaneously in an overall healthful 
dietary pattern such as the Dietary Approaches to Stop Hypertension (DASH) or 
Mediterranean diet [51].

The traditional Mediterranean dietary pattern is well known for its association 
with improved long-term health outcomes, especially in relation to cardiovascular 
disease. The dietary pattern is characterised by consisting of predominantly plant- 
based (fruit, vegetable and wholegrain) meals which frequently incorporate olive 
oil, fish and red wine; but the Mediterranean diet also includes other lifestyle factors 
such as physical activity and eating socially [52]. Therefore, shifting from saturated 
fats to unsaturated fats as well as limiting sodium through decreased consumption 
of highly processed foods would occur naturally when changing to a Mediterranean 
dietary pattern, without an unhelpful focus on single nutrients. Adherence to the 
Mediterranean dietary pattern is often quantitatively measured through a diet qual-
ity index (DQI), such as the Trichopoulou score [53], MEDAS [54] or MEDI-LITE 
[55], which can be used in the clinic as well as research.

The most recent meta-analysis reporting on CVD outcomes found that women 
with the highest Mediterranean DQI scores had 30% decreased risk of coronary 
heart disease or acute myocardial infarction (RR, 0.70 [95%CI, 0.64–0.78]; n = 6 
studies; 0% heterogeneity), 17% decreased risk of stroke (RR, 0.83 [95%CI, 0.71–
0.97]; n = 3 studies; 0% heterogeneity) and 15% decreased risk of CVD (RR, 0.85 
[95%CI, 0.72–0.99]; n = 3 studies; 86% heterogeneity) compared to women with 
the lowest scores (i.e. lowest adherence to the Mediterranean dietary pattern) [56]. 
However, this high-impact evidence is based on observational studies which reflect 
on lifelong adherence to the Mediterranean dietary pattern. The few intervention 
studies which have implemented the Mediterranean diet in older women have shown 
that implementation in later life stages still has beneficial outcomes. Specifically, 
RCTs have demonstrated improved CVD risk factors such as HbA1c, adiposity, 
blood pressure, lipid profiles, inflammation and carotid atherosclerosis [57, 58], 
30% decreased risk of CVD events (HR 0.70 [95%CI, 0.53–0.91]) [55] and 19% 
decreased risk of all-cause mortality in women with a history of myocardial infarc-
tion (OR, 0.81 [95%CI, 0.74–0.87]) [59].

The DASH dietary pattern was specially designed 20 years ago to improve car-
diovascular health. DASH has a focus on both food and nutrients, recommending 
increased fruit, vegetables, wholegrains and low-fat dairy but also aiming to limit 
sodium, saturated and total fat. Evidence of benefit for cardiovascular health is con-
vincing overall [60]; however, little evidence exists for benefit in older women. Two 
meta-analyses of observational studies, where the majority of the 260,011 
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participants were middle- and older-aged women, found that those with diets which 
imitated the DASH diet had 20% decreased risk of CVD (RR, 0.80 [95%CI, 0.74–
0.86]; n = 6 studies, 14% heterogeneity) [61] and CVD-death (RR, 0.80 [95%CI, 
0.76–0.85]; n = 11 studies, 30% heterogeneity) [62]. Only one intervention study 
has been conducted in older women (n = 95 postmenopausal women), where a vari-
ation of the DASH diet which included lean red meat was used. The diet imple-
mented for 14 weeks improved some CVD risk factors including blood pressure and 
body weight even in women taking antihypertensive medication but did not improve 
lipid profiles [63].

Although the DASH diet is highly researched internationally, less than 30% 
adhere to the diet when it has been recommended by a health professional, and less 
than 1% of Western populations follow the diet overall [60]. Poor adherence may be 
due to the dietary pattern being “synthetically designed” as opposed to “naturally 
occurring”, where it does not reflect the food environment or lifestyle of populations 
as the Mediterranean diet does.

In addition to the specific DASH and Mediterranean dietary patterns, increased 
adherence to the Dietary Guidelines for Americans, as measured by various DQIs, 
is also associated with improved cardiovascular outcomes in observational studies 
of older women. Compared to those who had the worst adherence to the guidelines, 
older women with the highest DQI scores had 23–28% decreased risk of CVD 
events and 21–28% decreased risk of CVD death [62]. Furthermore, a Cochrane 
review has shown that omega-3 supplements are ineffective for cardiovascular 
health, and the authors recommend increasing fish intake [64].

Maintaining a good metabolism and normal weight are key factors in reducing 
the risk of cardiovascular disease, as shown by the 30-year follow-up data from the 
Nurses’ Health Study involving 90, 257 women [65]. The study found that cardio-
vascular disease risk of women with metabolically healthy obesity was increased 
compared with women with metabolically healthy normal weight, but risk was con-
siderably higher in women with metabolically unhealthy normal weight, overweight 
and obesity, highlighting that metabolism is a greater risk factor than adiposity. The 
metabolic health benefits of intensive weight management were illustrated in a ran-
domised control which resulted in remission of type 2 diabetes [66]. This 12-month 
randomised controlled trial recruited 306 individuals in the primary care in the 
UK. Participants were aged 20–65 years who had been diagnosed with type 2 dia-
betes within the past 6 years, had a body mass index of 27–45 kg/m2 and were not 
receiving insulin. The intervention comprised withdrawal of antidiabetic and anti-
hypertensive drugs, total diet replacement (825–853  kcal/day formula diet for 
3–5 months), stepped food reintroduction (2–8 weeks) and structured support for 
long-term weight loss maintenance. Diabetes remission was achieved in 68 (46%) 
participants in the intervention group and six (4%) participants in the control group 
[66]. Remission varied with weight loss in the whole study population, with achieve-
ment in none of 76 participants who gained weight, six (7%) of 89 participants who 
maintained 0–5 kg weight loss, 19 (34%) of 56 participants with 5–10 kg loss, 16 
(57%) of 28 participants with 10–15 kg loss and 31 (86%) of 36 participants who 
lost 15 kg or more [66]. However sustained weight loss is difficult to achieve after 
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the menopause, and then there is the issue of weight regain. It is therefore essential 
not to stigmatise overweight and obese women but encourage health at every size 
through a healthy dietary pattern and physical activity.

Overall, evidence for improving cardiovascular health in postmenopausal women 
aligns with evidence to improve VMS, where women should be supported to con-
sume a plant-based dietary pattern. Choice of dietary pattern should be patient- and 
family-centred, aligning with their preferences, resources and lifestyle so as to 
increase adherence. Self-monitoring through online DQIs such as the Healthy 
Eating Quiz (http://healthyeatingquiz.com.au/) [67] can support implementation 
with quantitative and personalised feedback, but without the burden of single- 
nutrient measurement.

29.3.2  Nutraceutical Interventions to Decrease Risk 
of Cardiovascular Disease

Most of the focus on improving CVD outcomes has been on modifying dietary 
intakes as opposed to nutraceutical interventions; however, there has been some 
interest in antioxidants, polyphenols and omega-3 supplements, all prevalent com-
ponents in the Mediterranean diet. There has also been concern about calcium and 
vitamin D supplementation in postmenopausal women, where use has been hypoth-
esised to increase risk of CVD [68].

Oxidative stress is thought to be directly involved in aetiology of atherosclerosis 
leading to the examination of antioxidants for preventing CVD. Observational studies 
of diets high in antioxidants have found beneficial effects [69]. However, supplemen-
tation of antioxidants has produced conflicting findings with some evidence of bene-
fit, no effect and in some cases harm as the supplements become pro-oxidative in vivo 
[69, 70]. Currently, supplementation of antioxidants for CVD is not recommended, 
and instead a high consumption through a plant-based diet should be supported.

A meta-analysis comparing usual or refined olive oil with high polyphenol olive 
oil showed improvements in CVD risk factors including malondialdehyde (MD, 
−0.07  μmol/L [95%CI, –0.12 to −0.02  μmol/L), oxidised LDL (SMD, –0.44 
[95%CI, –0.78, −0.10 μmol/L]), total cholesterol (MD, 4.5 mg/dL [95%CI, –6.54, 
−2.39 mg/dL) and HDL cholesterol (MD, 2.37 mg/dL [95%CI, 0.41, 5.04 mg/dL]) 
[71]. However, most of the samples included in the meta-analysis were in younger 
males and females, with only one study conducted in postmenopausal women 
(n = 10 from Italy) who were given 50 g/day of high polyphenol olive oil. Although 
sample was small and presumably had baseline adherence to the Mediterranean 
diet, an additive effect of the high polyphenol olive oil was demonstrated in this 
group in regard to decreased oxidative DNA damage [71].

Due to the anti-inflammatory properties of omega-3, fish is often hypothesised as 
one of the main contributors to improved CVD outcomes associated with the 
Mediterranean diet [66]. However, two recent meta-analyses found that when 
omega-3 is consumed in supplemental form, it has found no evidence of effect for 
CVD outcomes [64, 72] and is not recommended for older adults [73].
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While calcium and vitamin D supplements have been widely adopted to prevent-
ing or managing osteoporosis in postmenopausal women, there has been concern 
that they increase CVD risk and should be avoided. However, a meta-analysis in 
postmenopausal women (n = 18 studies, n = 63,653) found no evidence to indicate 
increased risk of CVD or all-cause mortality with calcium supplementation, with or 
without vitamin D [68].

Overall, there are no nutraceuticals currently recommended for use in postmeno-
pausal women to improve CVD outcomes, and calcium and vitamin D may be rec-
ommended when indicated with no concern for increasing CVD risk. Although 
there may be benefit from high polyphenol olive oil, consumption of 50  mL of 
unheated oil is likely to be impractical for most women, and obtaining high poly-
phenol olive oil outside of the Mediterranean region may also be difficult. Instead, 
evidence continues to support a plant-based dietary pattern which includes olive oil 
and fish, such as the Mediterranean dietary pattern.

29.3.3  Exercise

Considerable evidence has established the value of high levels of physical activity 
for the prevention and treatment of CVD [74]. With the realistic proviso that physi-
cal activity is anything that makes you move your body and burn calories, and that 
something is always better than nothing, the American Heart Association recom-
mends the following for overall cardiovascular health [75]:

• At least 30 min of moderate-intensity aerobic activity at least 5 days per week for 
a total of 150

• At least 25 min of vigorous aerobic activity at least 3 days per week for a total of 
75 min or a combination of moderate- and vigorous-intensity aerobic activity

• Moderate- to high-intensity muscle-strengthening activity at least 2  days per 
week for additional health benefits

• For lowering blood pressure and cholesterol:
• An average of 40 min of moderate- to vigorous-intensity aerobic activity three or 

four times per week

An increase in the use of “passive” modes of transport has been associated with 
declining physical activity levels. A UK Biobank study of 263,450 participants 
(n = 106,674; 52% women; mean age 52.6) found that cycle commuting was associ-
ated with a lower risk of cardiovascular disease, cancer and all-cause mortality, 
while walking commuting was associated with a lower risk of cardiovascular dis-
ease only [76]. In addition the prospective Women’s Health Study (n  =  27,536 
recruited in 1992–1995; followed to 2013) found that the level of global cardiovas-
cular risk did not modify the inverse association between leisure time activity and 
incident CVD [77]. There is therefore a need to provide safe and affordable facilities 
and environments for women to exercise in [78, 79].
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29.4  Osteoporosis

Osteoporosis causes more than 8.9 million fractures annually worldwide but is mainly 
a disease of older women where it affects 1 in 3 women compared to 1 in 5 men, and 
the majority of fractures occur in those ≥80 years [80, 81]. The total number of people 
with osteoporosis in Europe has been predicted to rise by 23%, from 27.5 million in 
2010 to 33.9 million in 2025, due to the increasing proportion of elderly people in the 
population. Modifiable factors for the nonsymptomatic disease in women include 
smoking, excessive alcohol intake, adiposity, limited weight- bearing exercise, cal-
cium intake, serum vitamin D, blood pressure and cholesterol levels [82]. Osteoporosis 
does not only limit physical function through fractures; a systematic review found that 
hip fracture increases risk of death by 8.4–36%, where death was highest in the days 
and weeks following the index fracture, but the risk remained elevated for months to 
years [83]. The UK 2016 NICE recommendations for the prevention of fragility frac-
tures regarding advice on diet and exercise include [84]:

• Eat a balanced diet as this may improve bone health.
• Drink alcohol within recommended limits, as alcohol is a dose-dependent risk 

factor for fragility fracture.
• Take regular exercise (tailored to the person) to improve muscle strength. 

Encourage:
• Walking, especially outdoors, as this will increase exposure to sunlight, increas-

ing vitamin D production.
• Strength training (such as weight training) of different muscle groups (e.g. hip, 

wrist and spine).
• A combination of exercise types, for example, balance, flexibility, stretching, 

endurance and progressive strengthening exercises.
• Calcium and vitamin D supplementation.

29.4.1  Dietary Interventions to Decrease Risk of Osteoporosis

The key dietary interventions for musculoskeletal health are maintaining an ade-
quate intake of calcium and vitamin D as well as ensuring adequate protein intake 
[85–87]. During the ageing process, the absorption of calcium decreases, and there-
fore the daily dietary requirement goes up [88]. As this often occurs simultaneously 
with decreasing appetite, many older women do not meet their dietary calcium 
requirements. Recommendations on daily calcium intake vary worldwide. For 
example, in women over 50 years, the USA recommends 1200 mg [89], Australia 
recommends 1300 mg [88], but the UK National Osteoporosis Society (NOS) rec-
ommends only 700 mg [90]. Beyond calcium, other nutrients play a key role in 
maintaining bone mineral density, including vitamin D, vitamin K, fluoride, potas-
sium, boron and magnesium [88].
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Dietary patterns during childhood and young adulthood have a large impact on 
bone mineral density in older age; however, they are not modifiable risk factors to 
manage osteoporosis in postmenopausal women [91]. However, dietary changes in 
older women can have beneficial effects where the goal is to maintain and prevent loss 
of bone mineral density. A randomised trial which provided postmenopausal women 
with intensive dietary and physical activity counselling plus three daily serves of cal-
cium and vitamin D fortified dairy (milk and yoghurt) for 30 months prevented loss of 
arm, total spine and total body bone mineral density, whereas the control group con-
tinued to lose bone mineral density [92]. Because foods which are rich in calcium are 
also sources of other nutrients beneficial for bone health, such as protein, magnesium 
and vitamin D (usually fortified), women with inadequate intakes should be supported 
to meet requirements via foods and beverages whenever possible [91].

In addition to consuming the required nutrients, the diet must also avoid excess 
phosphate, alcohol and caffeine [91]. There is research to show that restrictive 
weight loss diets such as a low-fat diet enhance bone mineral density loss [93]. This 
highlights the detrimental effect that restrictive diets may have on the risk of osteo-
porosis in older women and supports the use of liberalised plant-based diets which 
are rich in vitamins and minerals as well as dairy and fish for calcium and protein.

29.4.2  Nutraceutical Interventions to Decrease Risk 
of Osteoporosis

The first study to examine calcium and vitamin D was undertaken over 20 years ago 
(n = 3270 women, mean age 84 ± 6 years) and found that vitamin D3 and calcium 
supplements reduced the risk of hip fracture and other nonvertebral fractures [94]. 
Since then there have been many studies and analyses of calcium and vitamin D 
supplements alone or in combination on fracture. The results are contradictory and 
may depend on the study population, compliance with therapy and background 
dietary intake [95]. However, calcium and vitamin D play a key role in bone metab-
olism and are therefore has advised as an integral part of osteoporosis management 
in guidelines worldwide [96, 97].

However, there is no consistent evidence that calcium supplementation at, or 
above, recommended levels reduces risk of osteoporosis. Clinical trials have pro-
duced inconsistent results regarding the role of calcium supplements regarding frac-
ture risk [98–101]. An expert consensus meeting of the European Society for 
Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal 
Diseases (ESCEO) and the International Foundation for Osteoporosis (IOF) con-
cluded that supplementation with calcium alone for fracture reduction is not sup-
ported by the literature [102]. Caution has also been expressed in recommending 
calcium supplements in women whose diet is replete, because of an increased risk 
of renal stones and cardiovascular disease such as found in the Women’s Health 
Initiative trials [103–106].

The main source of vitamin D is cutaneous synthesis and in northern latitudes 
occurs only in the summer, resulting in deficiency for about half of the year [107]. 
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Dark skin pigmentation, excessive sun protection (shade, extensive clothing cover, 
sunscreen use, limited mobility) and air pollution also reduce vitamin D skin synthe-
sis. Other risk factors for vitamin D deficiency include poor diet or food quality, adi-
posity, malabsorption syndromes, medication use (e.g. anticonvulsants, antiretrovirals) 
and skin ageing. Emerging evidence is associating vitamin D deficiency with not only 
osteoporosis but also cardiovascular disease, diabetes, cancer, infections and neurode-
generative disease [108]. Fortified foods do not necessarily provide sufficient amounts 
of vitamin D, and regular sunlight exposure (without sunscreens) for 15 min, 3–4 
times a week, in the middle of the day in summer generate healthy levels in adults but 
may still be inadequate in older adults due to the thinning of the skin [91, 108].

Vitamin D supplementation can be undertaken with either vitamin D2 (ergocal-
ciferol) or vitamin D3 (cholecalciferol). In the UK, national guidelines aim to 
increase supplement use to prevent vitamin D deficiency among at-risk groups 
including people aged over 65, but prescribing policy depends on local clinical 
commissioning groups [109, 110]. The UK Scientific Advisory Committee on 
Nutrition (SACN) recommended a reference nutrient intake (RNI) of 400 IU daily 
for adults of all ages in 2016 [111]. However, in postmenopausal women at increased 
risk of fracture, the available evidence supports the use of higher doses. In two 2009 
meta-analyses, a protective effect of vitamin D on falls was only seen at daily doses 
≥700 IU ((RR, 0.81 [95%CI, 0.71–0.92; n = 7 studies; n = 1921 participants) [112] 
and improvement in fracture risk only seen at >400 IU (RR, 0.80 [95% CI, 0.72–
0.89); n = 9 studies; n = 33,265 participants) [113]. Since then, two subsequent 
meta-analyses found that vitamin D alone did not improve bone mineral density 
(n = 23 studies, n = 4082, 92% older women) [114] or prevent fractures; however, 
dosing was not considered in the analyses [115]. Reflecting the best available evi-
dence, the UK National Osteoporosis Guideline Group (NOGG) recommends that 
in postmenopausal women who are at increased risk of fracture, a daily dose of 
800 IU of cholecalciferol should be advised [97].

Although evidence is unclear for calcium and vitamin D supplemented alone, 
both vitamin D and calcium for bone mineralisation, and evidence supports com-
bined supplementation for the prevention of fractures [115]. A 2016 meta-analysis 
(n = 8 studies, n = 30,970 participants) of combined calcium and vitamin D supple-
ments decreased the risk of total fracture by 15% (SRRE, 0.85; 95% confidence 
interval [CI], 0.73–0.98) and hip fracture by 30% (SRRE, 0.70; 95% CI, 0.56–0.87) 
[116]. Although the Women’s Health Initiative clinical trial results published in 
2017, which supplemented 1000 mg of calcium and 400 IU of vitamin D, did not 
prevent height loss in healthy postmenopausal women, the vitamin D dose was 
likely inadequate, height is a less sensitive marker of bone mineral density, and the 
height loss in both intervention and control groups was well below the 2 cm crite-
rion for fracture risk [117, 118]. In 2017 an expert consensus paper of the European 
Society for Clinical and Economic Aspects of Osteoporosis, the Osteoarthritis and 
Musculoskeletal Diseases (ESCEO) and the International Foundation for 
Osteoporosis (IOF) concluded that calcium and vitamin D supplementation leads to 
a modest reduction in fracture risk, although population-level intervention has not 
been shown to be an effective public health strategy [102].
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Soy isoflavone, a type of phytoestrogen, acts as oestrogen agonists and anti-
oxidants in bone cells, leading to interest in isoflavone supplementation for the 
preservation of bone mineral density in postmenopausal women. A meta-analysis 
identified that benefits have only been achieved with doses ≥80 mg/day supple-
mented for >12 months, where bone mineral density of the lumbar spine improved 
by 6.0 mg/cm2/year ([95%CI, –0.7–2.7] P = 0.08; n = 8 studies; n = 654 women). 
There was no difference in effect between isoflavones supplemented as an extract 
or consumed as part of soy products such as isolated soy protein [119]. There has 
not been a review of other forms of phytoestrogens on osteoporosis risk. 
Individual RCTs have suggested other phytoestrogens may be beneficial [120–
122]; however, a meta-analysis of RCTs is needed prior to making clinical 
applications.

Thus, aligning with recommendations for other post-reproductive health, 
dietary patterns and lifestyle factors are the most important strategy for prevent-
ing bone mineral density loss and fractures. Adequate calcium, vitamin D and 
other vitamin and mineral intakes should be achieved through dietary modifica-
tion where possible, as the synergistic effects of food and nutrients in vivo achieve 
the greatest outcomes. In order to evaluate the overall dietary pattern for optimal 
bone mineral density, individualised dietary assessment and intervention by a 
dietitian should be considered. If nutrient requirements cannot be met by diet 
alone, supplementation and/or fortification of combined calcium and vitamin D 
(at doses of ≥700 IU/day) may then become appropriate [96]. If calcium intake is 
adequate but peak serum vitamin D levels cannot be achieved through diet and sun 
exposure, single vitamin D supplementation at ≥700  IU/day should be consid-
ered. There may be additional benefits of consuming high doses of soy isofla-
vones, which may be achieved through dietary consumption of soy products or 
supplementation.

29.4.3  Exercise

With regard to osteoporosis, a Cochrane review found that exercise had a relatively 
small, but possibly important, effect on bone density (1%) compared with control 
groups (P < 0.05) [123]. Physical exercise, furthermore, reduces the risk of falls in 
the elderly, indirectly influencing fracture rates [124, 125]. In 2018 the US Preventive 
Services Task Force (USPSTF) found adequate evidence that exercise interventions 
have a moderate benefit in preventing falls in older adults [126]. Gait velocity 
declines with age with the greatest fall in the women over 70 [127]. Identifying the 
age of gait velocity decline of healthy women could allow timely interventions to 
slow the general decline associated with lower gait velocities, such as falls and frac-
ture. Various types of exercise can be undertaken (weight bearing, back extension, 
Tai Chi, Pilates, vibration), but it is unclear what types, intensity and duration are 
the most benefit [128, 129].
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29.5  Dementia and Cognitive Decline

Dementia has become a public health priority with substantial impact on not only 
individuals and their families but also health-care, economic and welfare systems of 
whole societies. In the 1980s, the governments of developed countries started to 
express concern about rapid population ageing with dementia and cognitive decline 
being important causes of disability in later life. However, recent evidence suggests 
stable or decreased prevalence over the last decades [130, 131].

Dementia is a progressive, irreversible decline in cognition that, by definition, 
impacts on a patient’s pre-existing level of functioning. The clinical syndrome of 
dementia has several aetiologies with overlapping pathological and clinical fea-
tures. Alzheimer’s disease (AD) is the most common, thought to be present in 
50–75% of cases [132]. Other processes include vascular, Lewy body and fronto-
temporal pathologies. Dementia and cardiovascular disease have many common 
risk factors, including hypertension, hypercholesterolaemia, obesity and diabetes. 
Cardiovascular disease is an important risk factor for cognitive decline in postmeno-
pausal women. In the Women’s Health Initiative Memory Study, women with CVD 
tended to be at increased risk for cognitive decline compared with those free of 
CVD (hazard ratio [HR], 1.29; 95% CI, 1.00–1.67) [133].

29.5.1  Dietary Interventions to Decrease Risk of Dementia 
and Cognitive Decline

As with cardiovascular health, there has been some focus on single nutrients and 
their effect on brain ageing [134]. However, as nutrients are consumed as part of 
dietary patterns and not alone, such research is not helpful when needing to make 
recommendations to individuals. Observational studies have shown that pant-based 
dietary patterns, and the Mediterranean diet in particular, have been associated with 
improved cognitive function in ageing [135]. High Mediterranean DQI scores (i.e. 
greater adherence to the Mediterranean diet), as well as more frequent legume and 
fish consumption [two Mediterranean diet core foods], have been associated with 
greater cortical thickness in a cross-sectional sample [134]. In a prospective cohort 
study, low Mediterranean DQI scores in an older Scottish cohort were predictive of 
total brain atrophy over a 3-year interval [136]. Fish and meat consumption did not 
drive this change, suggesting that other components of the Mediterranean diet or, 
possibly, all of its components in combination are responsible for the association 
with improved brain ageing [136].

A meta-analysis of observational studies showed that older adults who had the 
highest Mediterranean DQI were 21% less likely to develop cognitive disorders 
(RR, 0.79 [95%CI, 0.7–0.90]; n = 8 studies) [137]; however, no effect was found 
when examining outcomes in older women only [137]. This finding is supported by 
Psaltopoulou et al. [138], where meta-regression found that the Mediterranean diet 
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was more protective against stroke for males than for females. However, males and 
females benefited equally from the Mediterranean diet in regard to depression and 
cognitive impairment. Another significant finding from both meta-analyses is that 
benefits for cognitive outcomes were only found in those with the highest adherence 
to the Mediterranean diet; and moderate adherence provided no benefit [137, 138]. 
Intervention studies have demonstrated that commencing a Mediterranean diet, 
supplemented with high polyphenol olive oil, in later age may still have some ben-
efits for cognitive function [139].

For those who are unable to follow the Mediterranean diet, other dietary patterns, 
such as adherence to national dietary guidelines in, have also been associated with 
lower psychological distress; however, the effect sizes were lower than that of the 
Mediterranean diet [140]. Furthermore, observational studies have also shown older 
adults who had a very high consumption of fish (≥4 vs. <1 fish serving/week) had a 
slow rate of memory decline, equal to being 4 years younger [141].

29.5.2  Nutraceutical Interventions for Improved Cognitive 
Function

Reflecting the great interest in the preservation of brain function in ageing, nutra-
ceuticals thought to prevent cognitive decline are widely available and consumed. 
There has been interest in omega-3, vitamin D, resveratrol, saffron and 
polyphenols.

Some RCTs have found that high doses of omega-3 polyunsaturated fatty acids 
(2.2–2.4 g/day supplemented for 6 months) given to older adults with no or mild 
cognitive decline showed mild improvements in memory [142]. However, RCTs 
using lower doses have found no effect on cognitive function with interventions of 
up to 5  years [142, 143]. Furthermore, no studies have identified any benefit of 
omega-3, supplemented alone or in combination with vitamins and minerals, for the 
prevention and treatment of dementia [73, 144].

Higher serum vitamin status has been associated with improved memory in a 
large observational study of French older adults (33% women) [145]. Epidemiological 
evidence also supports associations between low serum 25(OH)D concentrations 
and poorer cognitive performance in community-dwelling older populations, 
although an optimal 25(OH)D level for cognitive health could not be determined. 
The RCT part of the Women’s Health Initiative which supplemented 1000 mg of 
calcium and 400 IU of vitamin D3 to 2034 older women found no significant pro-
tective effect against dementia or cognitive impairment. However, serum vitamin D 
status was not measured, and 400 IU may be an inadequate dose for effect. Therefore, 
the effect of raising 25(OH)D concentrations on cognitive function remains unclear, 
as there is a paucity of interventional evidence [146]. Further research is required 
before vitamin D can be recommended as a preventative supplement for cognitive 
decline; however, adequate serum vitamin D status should be achieved for overall 
health.
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Resveratrol is a polyphenol found in red grapes, berries and red wine. A meta- 
analysis of resveratrol supplementation found doses of 150–500  mg improved 
delayed recognition (SMD, 0.39 [moderate effect size] [95%CI, 0.08–0.7]; n = 3 
studies; n = 166 participants] and negative mood (SMD, –0.18 [small effect size]
[95%CI, –0.31 to −0.05]; n = 3 studies; n = 163 participants], where most partici-
pants were older adults and > 50% were women [147]. Although there were no 
side effects, no improvement in many other measures of cognitive function was 
found, and resveratrol supplements may have a high financial cost. Although no 
meta- analysis has been done considering all forms of polyphenols on cognitive 
function, qualitative synthesis in a systematic review identified many clinical tri-
als of berry juice, cocoa and isoflavone supplementation which reported beneficial 
outcomes. However, evidence is not yet strong or clear enough for clinical recom-
mendations [148].

Although there is good emerging evidence supporting saffron supplementation 
for the treatment of depression and anxiety, no studies have yet been conducted in 
older adult samples [149]. Therefore, further research is required before it can be 
recommended for postmenopausal women.

Overall, high doses of omega-3 polyunsaturated fatty acids and resveratrol may 
have some benefit on cognitive performance in older women; however, effect sizes 
are modest, there is no evidence of improvement in dementia risk, and the impact of 
cost and convenience should be considered. If supplements are used, women should 
also be supported to have a high polyphenol intake from the diet, such as following 
a plant-based dietary pattern, with a focus on polyphenol-rich foods such as tea, 
coffee, soy, cocoa, fruits and vegetables. Postmenopausal women should be regu-
larly evaluated for serum vitamin D status, which should be corrected via food or 
supplemental strategies; however, there is not yet evidence to support vitamin D 
supplementation for the protection against cognitive decline.

29.5.3  Exercise

While there is extensive literature about the exercise programmes for people with 
dementia, there is increasing evidence that physical activity (PA) reduces the risk of 
cognitive decline and dementia [150]. Furthermore there is a growing body of litera-
ture that recognises the positive effects of exercise on mood, anxiety, stress and 
depression [151]. Data from 11,391 men and women (aged ≥50) were obtained 
from the English Longitudinal Study of Ageing cohort. Assessments were carried 
out at baseline (2002–2003) and at biannual follow-ups (2004–2013) [150]. Older 
adults who carried out moderate to vigorous activity at least once per week had a 
34–50% lower risk for cognitive decline and dementia over an 8–10-year follow-up 
period. From pre- to post-dementia diagnosis, those who decreased PA levels had a 
larger decrease in immediate recall scores, compared to those who maintained or 
increased PA levels. Other forms of activity may be of benefit. Thus, data from the 
Scottish Health Survey 2012–2013 of 9709 adults found that gardening was 
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positively associated with mental health [152]. Gardening has the advantage of 
being potentially cost-effective and a culturally acceptable enjoyable community-
based health initiative [153].

29.6  Conclusion

A new holistic approach to menopause and post-reproductive health beyond medicines 
is required. Overwhelmingly, evidence supports the early adoption of an active lifestyle 
and a plant-based dietary pattern which also contains regular consumption of fish and 
vitamin D fortified dairy. The Mediterranean diet appears to provide the best outcomes 
for postmenopausal women; however, any plant-based dietary pattern which aligns 
with the lifestyle and values of the individual should be supported. Although early 
adoption of these lifestyle and dietary changes may provide the best outcomes, changes 
to the diet and activity levels made later in life still provide benefits. There is some 
evidence supporting specific nutraceuticals for post- reproductive health outcomes; 
however, food-first strategies should be recommended prior to supplementation. 
Restrictive, low-energy diets focussed on weight loss are not likely to provide any ben-
efit to be sustainable in older women, and may reduce bone mass, and should therefore 
be avoided. Instead, promotion of an active lifestyle and a plant-based dietary pattern 
are likely to naturally decrease adiposity and increase muscle mass, leading to addi-
tional benefits; however, even if no change in body composition is achieved, outcomes 
are still likely to improve. For women at high risk of chronic disease, individualised 
dietary assessment and intervention by a dietitian is recommended to help make sus-
tainable changes. Implementation also requires teaching of other health and allied 
health professionals at an early stage. Of primary importance, interventions need to be 
affordable, feasible, acceptable and enjoyable with a focus on improving quality of life.
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