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Introduction 

I. INTRODUCTION 

Once “no body’s disease” and almost unrecognized in medical establishments, unless a fracture occurred, osteoporosis has become the focus of much interest and has brought out a wealth of information on bone health. This increased interest along with the advanced technology for bone mass measurements and newly identified markers of bone turnover have enhanced the understanding of osteoporosis. Nevertheless, osteoporosis remains a complex, multi factorial condition leading to increased risk of fractures (Ilich et al., 2001). 


Osteoporosis is characterized by low bone mass and deterioration of bone tissue with a consequent increase in bone fragility and risk of fractures (Committee on medical aspects of Food and Nutrition Policy, 1998). Bone mass is lost when there is an imbalance between the cells responsible for bone formation, osteoblasts and those responsible for bone resorption, osteoclasts (Poiock et al., 1987). This imbalance may be due to various factors like age, family history of osteoporosis, lack of exposure to sunlight, inadequate calcium absorption, menopause and some unknown factors. Apart from these, range of factors which are responsible for bone loss are dependent on the female sex hormone estrogen (Felson et al., 1993). Estrogen deficiency is a problem in postmenopausal women, due to the acceleration of bone loss associated with reduced levels of estradiol and progesterone, despite the occurrence of the ovulatory cycles. Studies in adolescents have indicated that bone mass accumulation during puberty appears to be critical in the development of peak bone mass, which is thought to be achieved by early adult hood (Bachrach, 2001 and Janz, 2002). Hence bone status in pre and peripubertal life is generally accepted to be a major determinant of osteoporosis in later life. Studies have revealed that bone loss in the spine, femoral neck and total body diminishes about three to four years after the last menses (Storm et al., 1998). Estrogen deprivation is largely related to spinal bone loss, while both age and estrogen decline account for bone loss in the femoral neck and total body (Tee et al., 2000). Absence of estrogen gives rise to vasomotor symptoms like hot flushes, night sweats, palpitations and atropic tissue conditions like thin skin, wrinkled skin, hypo or hyper pigmentation, overall hair loss and brittle nails. Other symptoms include urogenital atropy and psychological symptoms (Walsh et al., 1999).


Osteoporosis affects approximately 30 per cent of postmenopausal women over the world (Melton et al., 1992). It is estimated that by the year 2050, fifty per cent of the world’s hip fractures will occur in Asian women (Cooper et al., 1992). In Asia, osteoporosis is rapidly becoming a major public health problem, with an increasing incidence of hip fractures and a rapidly aging population (Han et al., 1996). In India, it is estimated that one in every three women, over the age of 60 years suffers a fracture due to osteoporosis (Patel et al., 2000). It is estimated that approximately 61 million Indians suffer from osteoporosis and 10 per cent are above 60 years of age (Express Pharma Pulse, 2001). Considering the fact that the average life span of Indian women is 70 years, it is alarming to conclude that most women live 35 per cent of their lives after the onset of menopause. It also means that about 15 years of economically productive life is lost due to osteoporosis as women will not be able to do heavy physical work with weak brittle bones. 


Treatments to alleviate the symptoms associated with menopause and to decrease the risk of osteoporosis include Estrogen Replacement Therapy (ERT) and Hormone Replacement Therapy (HRT). Hormone therapy has pronounced health risks. HRT is associated with increased risk of breast cancer, thromboembolism and hypertension, which are well documented. Withdrawal bleeding together with increased risk factors limits the acceptability of long term (hormonal estrogen) treatment (Colditz et al., 1995 and Davidson, 1995). Therefore, non-hormonal therapy or alternative therapy may be more acceptable in Asian women for the treatment and prevention of osteoporosis (Tang, 1994). ERT helps prevent osteoporosis by decreasing osteoclastic activity. 


One of the promising alternatives to HRT is to use phytoestrogens available in plenty from regularly consumed food items such as soya, sesame seeds, green beans, fennel and whole grains including oats, barley, wheat and corn. Phytoestrogens are a group of non-steroidal plant derived compounds, which are structurally similar to estrogen and which possess both weak estrogenic and anti estrogenic effects (Kurzer, 1997 and Aldercruntz et al., 2000). As steroidal estrogens are of benefit in preventing osteoporosis, phytoestrogens also have a productive effective in the postmenopausal women (Nishida et al., 1987). Phytoestrogens provide women with the same benefits as Hormone Replacement Therapy (HRT) without the risk of breast and uterine cancers (Hannman et al., 1997). The modest dosage of soy protein or isoflavones derived from the habitual intake of soy in populations could be sub optimal to counter act the drastic effect of estrogen decline on bone loss during the initial post menopausal years. However, habitual soy intake seems to exert a protective effect on bone mass (Suzanee et al., 2003).  Studies in rodents have demonstrated that following ovarectomy, treatment with soy or isoflavone enriched diets improves retention of bone mass (Anderson et al., 1998 and Arjmandi et al., 1996).


In view of the above findings, there is need to strengthen the food based approach to solve the problem of osteoporosis among the postmenopausal women.  Though soy is a phytoestrogen rich food in South India, it is not a pulse that is habitually consumed.


Phytoestrogen rich food supplements should be developed and their supplementary effect tested.  Such findings will lead to arrive at simple solutions to overcome the growing health problems among postmenopausal women and provide a base for organizing awareness programmes.  

The present research entitled “Effect of Supplementation of Phytoestrogens on the Bone Mineral Density of Postmenopausal Women” is an effort in the direction.  This study aims to highlight the immense value of the phytoestrogen fraction of food to every woman in the postmenopausal phase.

The objectives of this study are: To

· study the factors influencing bone  health leading to Osteoporosis  in postmenopausal women.  

· determine the nutritional status, blood calcium levels and bone  density among the  selected postmenopausal women affected by osteoporosis.

· develop a phytoestrogen rich food mixture as a substitute for HRT treatment and

· compare the effect of supplementing soya beans as well as other phytoestrogen rich foods (PRF) with commercial estrogen tablet (premarin) on the bone health and alleviation of physiological problems of postmenopausal women.
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Review of Literature

II.  REVIEW OF LITERATURE
The literature pertaining to the present study entitled “Effect of Supplementation of Phytoestrogens on the Bone Mineral Density of Postmenopausal Women” is reviewed under the following headings:

A. Definitions and prevalence of osteoporosis 

B. Methods of measuring Bone Mineral Density

C. Role of phytoestrogens in promoting bone health and

D. Risk factors of osteoporosis

A. Definitions and prevalence of osteoporosis
Osteoporosis literally means “Porous bones”, and is defined as a disease of decreased bone density and deterioration of the skeleton with increased fragility that puts one at a higher risk of fracture (WHO, 1996).

National Institutes of Health (NIH) Consensus Panel (2001) defined osteoporosis as a skeletal disorder characterized by compromised bone strength predisposing to an increased risk of fracture. Bone strength, in turn was stated to be influenced by both Bone Mineral Density (BMD) and bone quality.


Aviolli (1977) proposed that it be defined as a “state” characterised by a reduction in the bone mass below that which is normal for the skeleton of an individual of a given age, sex and race.


The World Health Organisation (WHO) has established criteria for making the diagnosis of osteoporosis. This criteria is based on comparing Bone Mineral Density in a particular patient with those of a 25 year old female. Bone mineral density values which fall below the average for the 25 year old female (stated statistically at 2.5 standard deviation below the average) are diagnosed as “Osteoporotic”. 


According to Brown et al., (2002), osteoporosis is a costly and debilitating disease affecting one in four women over the age of 50 and it is associated with significant morbidity and mortality.



A Consensus Conference convened by the National Institute of Health in 1990 defined osteoporosis as “a disease characterized by low bone mass, micro-architectural deterioration of bone tissue leading to enhanced bone fragility and a consequent increase in fracture risk”.


Osteoporosis is a specific form of osteopenia (reduced bone volume) that is accompanied by cortical porosity (Gambert et al., 1995).

          As the average age of the worlds population shifts upwards, the incidence and prevalence of osteoporosis and its economic burden on society will increase further. Surveys based on the data from developed countries show that the number of individuals aged 45 years and older increased from about 155 million in 1960 to 206 million 1980. This number rose to 257 million by the year 2000 (United Nations Department of Economic and Social Development, 2002). 


 National Health and Nutrition Examination Survey (NHANES III, 1988 – 1994) showed that upto 18 per cent of women over 50 years had osteoporosis and up to 50 per cent had low bone mass. Osteoporosis is a significant public health problem, affecting more than 44 million Americans (National Ostroporosis Foundation, 1995). In United States, 10 million individuals have the disease and 34 million more have low bone mass, an increased risk for osteoporosis. Of those women currently with osteoporosis approximately 50 per cent have already suffered a fracture (Ross                         et al.,1996).


It was observed that the incidence of hip fractures has tripled over the past three decades in Southern China (Huriuchi et al., 2000). Together with the rapid aging of the population in Asia, it is estimated that by the year 2050, 50 per cent of the world’s hip fractures will occur in Asian women (Zandui et al., 1999). Important racial differences in both bone mass and prevalence of fractures are seen. African Americans have higher bone mass and lower rates of fractures. Asian women have lower bone mass than Caucasian women, but the rate of hip fractures is not proportionally higher (Spector et al., 1993). 


Hispanic women have approximately half as many fractures as Caucasian women, but this is not explained by a difference in bone density (Spector et al., 1993). The highest rates of osteoporosis was in Scandinavian countries (O’Neill, 1996 and Spector et al., 1993). Since increasing age is a significant risk factor for osteoporosis and the world’s population is growing older, the number of individuals affected with osteoporosis can be expected to increase (Consensus Development Conference, 1991).

B. Methods of measuring bone mineral density

Vertebral fractures are the hallmark of osteoporosis, and are an important risk factors for future osteoporosis fractures. Thus, the evaluation of spinal radiographs for prevalent or incident vertebral fractures is important in the clinical evaluation of patients with osteoporosis, in clinical drug trials for osteoporosis treatment and in the epidemiological evaluation of populations at risk for osteoporosis.


The strength of bones depends on bone matrix volume, bone mirco-architecture, and on the degree of mineralization of bone (Boivin et al., 2000). Bone mineral content depends on bone mineral density and bone matrix volume. BMD can be quantified by non-invasive methods such as dual x-ray absorptiometry (DXA), tomodensitometry and quantitative ultrasound, allowing for a global evaluation of mineral substance of the bone as an organ. The first systematic study of bone mineral content was made on vertebral trabecular bone (Arnold et al., 1966). Quantitative micro radiography using a computerized microdensitometric method allows measurement of the focal bone mineral density of each basic structural unit (BSU) within limits imposed by the thickness of the section (Boiven et al., 1984; Meunier et al., 1997 and Boivin et al., 2002). Microscopic mineral variations and mineral density distribution have also been evaluated by quantitative back scattered electron imaging (qBEI) (Reid et al., 1987; Skedros et al., 1993; Bachus et al.,1993; Boyde et al., 1995 and Roschger         et al., 1998).


Recently degree of mineralization of bone (DMB) has also been measured using synchrotron radiation microtomography (Nuzzo et al., 2002). The mineral content of bone samples has also been evaluated by qBEI (Rosihger et al., 1998). Finally, the structure of the mineral substance at the nanometer level can be investigated by small angle x-ray scattering (Fratzl et al., 1992 and Schreiber et al., 1996) and by transform infrared microspectroscopy (Paschalis et al., 1997 and Camacho et al., 1999). 

C. Role of phytoestrogens in promoting bone health

Phytoestrogens are naturally occurring phenolic plant compounds, present in foods such as beans, cabbage, soya bean, grains and hops and are part of a wider class of polyphenols found in all plants. They are structurally similar to the mammalian oestrogen, oestradiol and have estrogenic properties. Phytoestrogens are found in the seeds, stems, roots or flowers of plants, serving as natural fungicides and acting as part of the plant’s defence mechanism against microorganisms. Phytoestrogens are a group of nonsteroidal plant derived compounds, which are structurally similar to estrogen and which possess both weak estrogenic and antiestrogenic effects (Kurzer, 1997 and Aldercruitz et al., 2000).  Although phyoestrogens lack the steroidal nucleus of natural hormones, the structural similarity allows the isoflavones to act upon the estrogen receptors within the body, with weaker activity (Nistuda et al., 1987).


Isoflavones which are active compounds in phyoestrogens are weakly estrogenic as their equilibrium dissociation constant is 100 to 10,000 times greater than that of hormone estradiol, present in the human body.  Isoflavones are known to be estrogen analogues and bind to estrogen receptors, eliciting an affinity of 7 x 10-6 to 8 x 10-4 that of estradiol (Klein, 1998). Another characteristic of phytoestrogens is to increase the estrogen levels when the levels are low (as in menopause) or they can decrease estrogenic activity when the hormone levels are abnormally high (Pereson   et al., 1998). The modest amounts of phytoestrogens present in the diet are biotransformed by intestinal microflora into isoflavones, which are absorbed, undergo hepatic recycling and reach circulating concentrations that exceed by several orders of magnitude, the amounts of endogenous estrogens. These phytoestrogens and their metabolites have many potent hormonal and non-hormonal activities that may explain some of the biological effects of diets rich in such phytoestrogens (Axelson et al., 1982).


There is an increased interest, particularly among postmenopausal women, regarding safe, alternative treatments to HRT (Eisenburg et al., 1998 and Isarael et al., 1997). Consequently, there is an urgent need to examine the effectiveness of alternative treatments that can be combined with calcium supplementation to lower the risks of osteoporosis related fractures among women. 


There is an increasing interest in plant – derived compounds such as isoflavones in soy, which are considered “weak estrogens” because of their similar structure to estrogen and their ability to bind to estrogen receptors (Miksicek, 1994). The estrogen like activity of these compounds may provide an alternative strategy to replace or augment traditional pharmacological approaches that are currently used to reduce the bone loss that accompanies the cessation of endogenous estrogen production after menopause.


With respect to osteoporosis, studies using ovariectomized rodent models have shown that isoflavones, either as isolated compounds or in soy protein, reduce the loss of bone mass that occurs after ovariectomy (Arjamandi et al., 1996; Picherit et al., 2000). Similarly human trials have reported that isoflavoures, when provided in soy protein or as purified isoflavone, alternative the loss of bone mass that occurs during and after menopause (Alekel et al., 2000). In general, both epidemiological and clinical evidence in postmenopausal women suggests a positive association between isoflavone consumption and BMD. The potential additive or synergistic effect of providing isoflavones in conjugation with calcium supplements on bone mass and bimechanical bone strength has not been studied.


The presence of an estrogenically active molecule in our environment and their role in target tissues have been known since the late 1950’s  (Moule et al., 1963), but only in 1980 did the proceedings of the first meeting on environmental estrogens draw attention to this finding, which increased interest in the isoflavones. Previous studies showed that in a six month trial a diet rich in isoflavones (2.25mg of isoflavones) resulted in  relative improvements in BMD compared to placebo, but these were relatively short studies on a small number of women. On the other hand BMD remained unchanged or declined slightly in women (Potter et al., 1998), who consumed a lower dose (1.39mg of isoflavone) indicating that the amount of isoflavone consumed must exceed a critical level for the success of this type of intervention. Data from studies in rodents have demonstrated consistently that following ovarectomy, treatment with soy or soy – isoflavone enriched diets improves retention of bone mass (Anderson Galner, 1998 and Arjmandi et al., 1996). A limited number of studies have been conducted in women to examine the relationship between phytoestrogens intake and ostroporosis. These studies have shown a beneficial effect of phytoestrogens on bone mass in the lumbar spine of pre and postmenopausal women. Greendale et al, (2002) reported a considerable change in the BMD in a cross sectional study of American women. A cross sectional study of 208 postmenopausal American women (aged 45 – 74 years) showed that dietary isoflavone consumption may be protective against bone loss (Kritz Silverstein and Goodman – Gruen, 2002). In a cross sectional study on 87 postmenopausal Japanese women, the association between BMD, soy intake and serum isoflavonoid concentrations was investigated by Nagata et al., (2002). In a similar cross sectional study on 85 postmenopausal Japanese women soy protein intake was significantly associated with BMD in the lumbar spine (Horiuchi et al., 2000). A double blind placebo controlled intervention trial in postmenopausal women showed that flax seed supplementation did not alter biomarkers of bone metabolism (Lucas et al., 2002).


In a randomised, double – blind placebo-controlled intervention trial the effects of a high and low phytoestrogens diet was examined in postmenopausal women. A significant increase of 5.2 per cent in BMD was detected at the end of the treatment period for participants on soy supplementation. No significant changes in bone mineral content were observed for the linseed and wheat treated groups (Dalais et al., 1998).


There is a paucity of long term human studies investigating phytoestrogens intake in relation to changes in boss mass or markers of bone mass. Large, long term studies in humans would be required before the efficacy of phytoestrogens containing foods or supplements can be confirmed.

D. Risk factors of osteoporosis 
A number of epidemiological studies in osteoporotic populations have attempted to determine what factors place some individuals at high risk of fracture. In addition to age, the following factors have been reported to place women at risk of skeletal fragility: early natural or surgical menopause, low levels of estrogens; low peak bone mass and an increased rate of bone loss, low body weight and height, low levels of vitamin D, low calcium intake, high caffeine intake, low levels of physical activity, smoking, alcohol abuse, Caucasian or Asian racial group, a family history of osteoporosis and use of certain drugs, eg. corticosteroids and anti-convulsants (Seeman et al., 1989).  The major factors are described below:

1. Menopause and hormone levels

Estrogen deficiency occurring after naturally or surgically induced menopause leads to an uncoupling between osteoclasts and osteoblasts, which is responsible for accelerated loss of bone.  The menopause bone loss is predominantly trabecular (Riggs et al., 1986) and also can occur in women before the final menstrual period (Guthrie et al., 1998).  It has been suggested that estrogen deficiency increases bone resorption partly by increased paracrine production of bone resorbing cytokines (Horowitz, 1993).  Hormones other than estrogen have been reported to influence bone formation and resorption.  Adequate androgen levels are most likely necessary for attainment of peak Bone Mineral Density and maximization of mechanical bone strength (Davis, 1997).  There are data supporting a proposal that progesterone has a stimulating effect on bone formation (Prior et al., 1990 and Lentle et al., 1994), but this evidence comes from women with abnormal menstrual cycles who took progesterone. 

The majority of studies that have dealt with postmenopausal bone loss indicate that Bone Mineral Density depends on the number of years since menopause and not on chronologic age (Stevenson et al., 1989 and Kritz Silverstein et al., 1993).  Postmenopausal women who have experienced an early menopause have significantly lower BMD than those whose age of menopause was normal (Nordin et al., 1990).  Thus the consensus of opinion favours early menopause as being a risk factor for osteoporosis.

2. Anthropometric variables

Various measures of body size have been shown to be associated with BMD, in particular body weight and height, which have been positively associated with BMD (Ribot et al., 1987 and Pocock et al., 1989).  Cross sectional data have found that both total body fat (Reid et al., 1992) and lean tissue mass (Chen et al, 1997) explain a large percentage of the variation in BMD in postmenopausal women.  The positive relationship between increased weight and increased BMD is probably the result of increased mechanical forces of the bone (Slemenda, 1995).  A genetic association as well as physical activity may underlie the relationship between lean mass and BMD  (Gleeson et al., 19909 and Seeman et al., 1996).  It does appear that the association between fat and lean body mass and BMD probably depends on the age and menopausal status of the population studies.  After menopause fat mass and weight increases while lean mass decreases  (Evans, 1992), and the hormonal contribution of the fat mass may explain the association between fat mass and BMD (Suzuki et al., 1995).  Adipose tissue contains aromatase and this enzyme is responsible for the conversion of androgenic steroids into estrogens, the greater the amount of fat mass the greater is the amount of estrogen synthesized.

The effect of physical activity on bone mass has been studied extensively.  Physical activity has also been recognized as influencing the attainment of peak bone mass in childhood and adolescents (Ott, 1990 and Kroger et al, 1993).  There are several reviews on the effects of exercise on BMD  in women (Smith et al, 1991 and Berard et al., 1997).

Calcium supplements have been observed to be most effective in those women in whom the baseline calcium intake was low, the mean age was high and there was clinical incidence of ostroporosis (Cumming               et al.,1990 and Recker et al., 1966).  The maximal effect of a calcium supplement appears to occur with a dosage of approximately 1000 mg per day (Dawson-Hughes, 1991).  An active metabolite of vitamin D (1, 25-dihydroxy vitamin D) is necessary for the normal absorption of calcium from the intestine and hence a deficiency of this vitamin is risk factor for osteoporosis.  Estrogen and 1,25(OH)2D3 appear to have common activities in the intestine.  It has been shown in animal studies (Schwawrtz et al., 2000) that estrogen stimulates the expression of the 1,25(OH)2D3 receptor that drives the calbinden mediated transport of calcium across the intestinal epithelial cells.


Dietary caffeine induces a negative calcium balance through increased urinary loss (Massey et al., 1988).  The adverse effect was observed in other studies (Mamandez et al., 1993).

Smoking has also been reported in both cross sectional and longitudinal studies to be risk factor for vertebral, fore arm and hip fracture and to be associated with lower BMD (Aloia et al., 1995 and Hooper et al., 1994).   Smoking is also known to produce an earlier menopause (Brambilla  et al., 1989) and an early menopause is a risk factor for osteoporosis. Recent studies have shown that women who are smokers have menopause significantly earlier than non smokers (Hooper et al., 1994).  Several studies (Holbrook et al., 1993; Felson et al., 1995 and Ganry et al., 2000) have reported a positive association between moderate alcohol intake and BMD in postmenopausal women.   In an analysis of women aged 68-96 yrs in the Framingham study, Felson and associates (1995) found that after adjusting for age, BMI and smoking women who drank at least 16 standard alcoholic drinks per week had an average 5 to 10 per cent higher BMD at the radius spine and proximal femur than women who drank less than two standard alcoholic drinks per week.  This association between alcohol intake and BMD may result from increased conversion of androstenedione to estrone. Although the exact mechanism by which alcohol influences bone metabolism is not clear, it is likely a combination of both direct effects of alcohol on bone cells and indirect or modulating effect through mineral regulating hormones such as vitamin D metabolites , parathyroid hormone and calcitonin (Kimble ,1997; Sampson,1997 and Klien,1997). 

3. Peak bone density

Peak bone mass of postmenopausal women is a major determinant of subsequent risk of osteoporotic fracture.  Low peak BMD and high rate of bone loss have been shown to significantly predispose to fractures (Riis       et al., 1996).  One of the major determinants of peak BMD is the genetic components that contribute to bone formation and resorption. The magnitude of the effect of the genetic component appears to vary according to age.  Twin studies estimate that 60 to 80 per cent is due to genetic component (Seeman et al., 1999).  In their studies of families, Krall and Dawson Hughes found that only 46 to 62 per cent of the variance in BMD could be attributed to heredity.

4. Other variables

With respect to race, black women in the United States have been found to have greater BMD than white women  (Cohn et al., 1997) and black women have also been reported to show fewer osteoporotic fractures than white women (Farmer et al., 1984 and Kellie et al., 1990).  Differences in hip fractures have been reported between various European populations who are from the same racial origin (Kellie et al., 1990).  The reasons for these geographic differences in the incidence of hip fracture are not fully understood, but they are possibly related to environmental or a combination of genetic and environmental factors (WHO, 1996).
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Methodology 

III. METHODOLOGY

The methodology involved in the study entitled “Effect of supplementation of phytoestrogens on the Bone Mineral Density of postmenopausal women”, is discussed under the following headings:

A. Selection of area and sample

B. Formulation of  interview schedule and collection of background      information

C. Formulation of phytoestrogen rich food supplement

D. Grouping and supplementing the subjects with phytoestrogen rich foods and 

E. Evaluation of the supplementation

A. Selection of area and sample

The study was conducted in Thrissur District, Kerala because of the familiarity of the investigator with the area. The doctors in two private hospitals in Thrissur town namely Elite Mission Hospital and Metropolitan Hospital were explained the purpose of the study and obtained the necessary permission of the hospital authorities to conduct the research on the outpatients of the hospitals. The samples for the study were postmenopausal women attending the hospitals for various postmenopausal problems. From the hospital records 75 available samples were selected and their problems as entered in the records were noted down. All the patients were personally interviewed and out of the 75 samples, 30 samples were short listed according to their willingness to participate in this study and their approachability. The short listed samples were between the age group of 55 to 70 years.

B. Formulation of the interview schedule and 

     collection of background information
Keeping the objectives of the study in mind, an interview schedule was formulated. It was designed to elicit the socio economic, health and physical status of the postmenopausal women, their food habits and dietary pattern} life style pattern and ailment suffered. The schedule was administered to five members initially, required modifications were incorporated and finalized as given in Appendix I. All the 30 members were contacted by the investigator either in the hospital or at their residence and the data was collected through personal interview.

According to Kothari (2000) interview method of collecting data involves presentation of oral verbal stimuli and receive the reply in terms of oral verbal responses. The interview method is said to be the easiest and most reliable method of collecting data.
C. Formulation of phytoestrogen rich food 

     supplement

Naturally occurring phytoestrogen sources in the diet may have emerging potential benefits to health. In order to develop a phytoestrogen rich food mixture, various commonly available phytoestrogen rich foods were listed and their phytoestrogen content was collected through personal correspondence with scientists abroad, internet browsing and the data base of the United States Department of Agriculture (USDA). Through permutation and combination method a composition was arrived at which gave 100mg of phytoestrogen in 235gm of the mixture. When a few subjects on test basis consumed this quantity of the mixture (235gm per day), the subjects developed diarrhoea and an uneasy feeling in the stomach. Hence the quantity of the supplement was reduced and finally, the supplement weighing 185gm which supplied 94mg of phytoestrogen was decided for supplementation. The various PRFs used in the supplement were wheat flour, soya flour, flax seed flour, groundnuts, Bengal gram flour and sesame seeds. All these were mixed with jaggery and made into laddoos (Plate I). Various studies by Potter et al (2000) have proved that a daily phytoestrogen content of more than 50mg per day has a beneficial effect on the bone density and health of postmenopausal women The composition of the mixture developed and its phytoestrogen content is given in Table 1.

Table - 1 

Composition of the phytoestrogen supplement

Foods
Quantity (gm)
Phytoestrogen content (mg)

Wheat flour
40
0.2

Soya flour
60
80.3

Flax seed flour
15
13.0

Groundnuts
50
0.1

Bengal gram flour
5
0.3

Sesame seeds
15
0.1

Total
185
94.0

D. Grouping and supplementing the subjects with 
phytoestrogen rich foods
The 30 subjects in the study were divided into three groups of 10 members each and supplemented with the phytoestrogen rich food mixture, soya flour and hormonal tablets as detailed below over a period of three months.

Subjects in Group A were supplemented with 185gms of laddoos supplying 94mg of phytoestrogen per day. This 185gm was made into three laddoos and the subjects consumed each in the morning, noon and night.

Soya products contain high levels of the isoflavones-genistein and daidzein and thus may lower the risk of osteoporosis (Verkasalo et al., 2001). Hence for comparison purposes one group (Group B) was supplemented with only soya flour (70 gm per day), which gave 94mg of phytoestrogens (Plate I). The subjects were taught to incorporate soya in various recipes and consume every day.

Members in Group C were supplied with estrogen tablets (Plate II) namely Premarin (0.625mg), a normally prescribed dosage for postmenopausal women. This group of subjects was willing to undergo hormonal therapy under the supervision of the doctors. They were asked to consume one tablet of Premarin every day.

All the three groups of subjects were supplied with 500mg of calcium (Plate II) daily and the supplementation was carried out for a period of three months.

Both the soya supplement and the PRF mixture were prepared in bulk by the investigator. Daily portions were packed separately and distributed to the subjects on a weekly basis. The investigator met the subjects daily for a week to ensure that they were able to consume the supplements regularly and did not face any side effects. 
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E. Evaluation of the supplementation

The parameters used for the evaluation of the supplementation were

1. Body Mass Index

2. Bone mineral density

3. Serum calcium levels and

4. Clinical signs

All the above parameters were recorded for 30 subjects initially and finally at the end of three months as per the details given below:

1) Body Mass Index
Various measures of body size have been shown to be associated with BMD, in particular body weight and height, which have been positively associated with BMD (Bevier et al., 1989). There is a positive relationship between increased weight and increased BMD (Slemenda 1995).

Height is the measure of long standing nutrition deprivation. The height of all the 30 subjects was measured using a non-stretchable fiberglass tape fixed on the wall (Plate III). After removing foot ware, the subject was asked to stand up as straight as possible on the flat floor with heels together and with buttocks, shoulders and back of head touching the wall. The head was held comfortably erect and the arms hanging by the sides in a natural manner. A scale was gently lowered, compressing the hair and making contact with the top of the head and the reading measured to the nearest 0.1cm.

Body weight is one of the most important and useful indicators of nutritional status (Jelliffe and Jelliffe, 1991). Body weight is the most widely used sensitive indicator and simplest reproducible anthropometric measurement for the evaluation of the nutritional status.

Weights of all the 30 subjects was taken using a portable bathroom scale balance (Plate IV). The subjects were in light clothing and on bare foot. The balance was adjusted to zero before each measurement and the weight were recorded to the nearest 0.5kg. The BMI was calculated using the following formula (Garrow, 1993).

    


     Weight (kg)

BMI = --------------------


      

     Height (m2)

BMI accounts for the difference in body composition by defining the level of adiposity according to the relation of weight to height thus eliminating dependence on frame size (Stanland et al., 1999). The subjects were graded as underweight, normal or over weight based on their BMI, following the guidelines of IOTF (International Obesity Task Force):

Normal
18.5-22.9

At risk of obesity
23-25

Grade I
25-29.9

Grade II
>30
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2) Bone Mineral Density

Fractures are the hallmark of osteoporosis, and are important risk factors for future osteoporotic fractures. Hence it is important to determine the BMD in subjects. This can be done with the help of a bone densitometer.

All the 30 subjects in this study were subjected to the Bone Mineral Density (BMD) test, with the help of which their T scores, Z scores and stiffness index of the bone was determined. The World Health Organization (WHO, 1995) has established criteria for making the diagnosis of osteoporosis. These criteria are based on comparing Bone Mineral Density (BMD) of a particular patient with that of a 25 year old female. BMD values which fall well below the standard BMD of the 25 year old female (stated statistically at 2.5) indicate the degree of osteoporosis. The test results were reported as a series of numbers, compared to two standards: age matched and young normal. As the name suggests, age matched compared the bone density reading to the BMD expected in an individual of the same age (Z score) and the young normal reading compares the BMD to the estimated peak bone density of a healthy young adult (T score). The instrument used in this study was a bone densitometer (ultrasonometer). The test was carried out using the Achilles Express Portable Osteoporosis diagnostic instrument (Plate V). Bone density was measured at the calcaneum, in the right leg. Generally, the T score is used for the diagnosis of low bone mass or osteoporosis. Bone density is expressed in grams per square centimeter (gm/cm2).

3) Serum calcium

Calcium plays an important role in the bone metabolism (Tamborini             et al., 2003). Hence the serum calcium levels were measured before and after the supplementation for all the 30 subjects (Plate VI). The normal serum calcium values ranged from 8.5 to 10.4mg per dl. The autoenzyme method was used in the estimation of serum calcium levels.

4) Clinical signs

Various clinical signs like the vasomotor symptoms, atropic skin conditions, urogenital symptoms and psychological symptoms were taken into consideration. The prevalence of these symptoms was elicited both initially and finally among all the three groups of subjects, with the help of an interview schedule 

The data collected was processed and analyzed statistically to arrive at the conclusions.
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Results and Discussion 

IV. RESULTS AND DISCUSSION
The findings of the study entitled “Effect of Supplementation of Phytoestrogens on the Bone Mineral Density of Postmenopausal Women”, are discussed under the following headings:

A. Background details of the subjects

B. Conditions related to osteoporosis 

C. Postmenopausal symptoms of the subjects

D. Consumption of phytoestrogen rich foods, and

E. Effect of supplementing phytoestrogen rich foods 

A. Background details of the subjects

The socioeconomic background of the subjects studied is presented in Table II and discussed below:

Table – II

Socioeconomic background of the subjects

S.

No.
Details
No. of subjects

1
Age (years)



55 – 60
17


60 – 65
5


65 – 70
8

2
Educational Status



Lower primary and middle school
7


High school and matriculation
16


Graduation
4


Illiterate
3

3
Occupational Status



Housewife 
17


Manual labourer
7


Professional
4


Retired
2

1. Age

The subjects were divided into three age groups as 55 to 60 years, 60 to 65 years and 65 to 70 years. It was found out that a maximum of 17 subjects, belonged to the age group of 55 to 60 years, followed by eight individuals belonging to the age group of 65 to 70 years and five subjects belonging to the category of 60 to  65 years. 

In this study more number of subjects were found to be from the lower age range i.e. 55 to 60 years. This might be due to the fact that this group was concerned about their health problems and they had gone to the doctor for the treatment. The older people might accept that they had become old and the condition is incurable or they could not go for treatment due to various financial and family circumstances. 

2. Educational status

The educational status of the subjects was categorised as lower primary and middle school, high school and matriculation, graduation and illiterates. It was found out that seven of the subjects had studied upto middle school. Out of the 30 members 16 had studied uptil matriculation, four subjects were graduates and only three of the total subjects were illiterates. Almost all the literate subjects were aware about osteoporosis while only the illiterate subjects seemed to be unaware of this condition.

3. Occupational status

In this study the subjects comprised of housewives, manual labourers, professionals or retired personnel. The majority of the subjects were (No.  17) were housewives who did not go out for jobs. The manual labourers were seven in number and these women worked in fields, quarries and were also maid servants. Four of the women were professionals and two were found to be retired personnel. 

According to Smith et al., (1976) reduced physical activity may be a contributing factor in the etiology of osteoporosis.  Sedentary life style, lack of exercise and immobilization are important risk factors predisposing to the development of osteoporosis. Physical fitness and exercise are also considered to be important, not only to strengthen the bone structure but also to improve the general well being (Fairlie et al., 1987).    The observations in the present study are in line with the above statements.  Among the four occupations listed, the housewives and the retired members were leading a more sedentary life.  The manual labourers and professionals were involved in a more active life, looking after the household chores and taking care of their profession.  This might be the reason for more number of housewives being affected by osteoporosis.

B. Conditions related to osteoporosis 
Number of deliveries, hysterectomy undergone, fractures suffered and the age of menopause were considered as the conditions related to osteoporosis.  These details as collected from the subjects is presented in Table III and Figure 1.

Table – III

Conditions related to osteoporosis 

S. No
Details
No. of subjects

1.
Number of children

1 – 2

3 – 6

No issues
15

12

3

2.
Undergone hysterectomy

Yes

No
1

29

3.
Suffered from fracture

Yes

No
2

28

4.
Age of menopause

< 40 years

4 0 – 45

45 – 50

50 – 55
6

9

10

5

1. Number of children

The subjects were grouped according to the number of children delivered. It was observed that a majority of 15 subjects had only one or two children. Twelve subjects had three to six children and only three out of the 30 subjects had no issues. Studies on the relationship between parity and BMD had been conflicting. Parity has been determined to have a positive association (Elders et al., 1987), a negative association (Lissner et al., 1991) and no association (Stevenson et al., 1989) with BMD. In this study also association could not be arrived between the occurrence of osteoporosis and the number of deliveries undergone.  It could be concluded that the reproductive history might be a long-term determinant of BMD. 

2. Hysterectomy undergone

The subjects were interviewed if they had undergone hysterectomy or oophorectomy early in their life. It was found out that a majority of the subjects, (No. 29) had not undergone any surgery for removal of uterus. Only one individual out of the 30 subjects had undergone hysterectomy. Undergoing hysterectomy early in life is a major risk factor for osteoporosis. Various studies have proved the fact that postmenopausal women who have experienced an early menopause through such surgical procedures have significantly lower BMD than those whose age of menopause was normal (Ortolani et al., 1991; Hui et al., 1991 and Kritz-Siverstein et al., 1993). However, in this study hysterectomy was not the main cause for osteoporosis among the subjects studied which may be due to a small sample size. 

3. Fractures suffered by the subjects

Osteoporosis is a complex, multifactorial condition leading to increased risk of fractures. Fractures are major indicators of osteoporosis. Though osteoporosis is characterised by low bone mass and micro-architectural deterioration of bone tissue with a consequent increase in bone fragility and risk of fracture (COMA, 1998), it was seen that only two subjects in this study had fractures previously.  The subjects were questioned if they had suffered from any fractures after the age of 35 years. Among the 30 subjects it was seen that only two subjects had suffered from fractures after the age of 35 years. The remaining 28 subjects had not suffered from any fractures. 

4. Age of menopause

The majority of studies that have dealt with postmenopausal bone loss indicate that BMD depended on the number of years since menopause and not on chronologic age (Bager et al., 1992). As per the data in Table  III in the present study, ten out of 30 subjects had attained menopause between the age of 45 to 50 years. Nine out of 30 subjects had attained menopause between 40 to 45 years. Six subjects had attained menopause before 40 years of age and five subjects had attained menopause between 50 to 55 years. Menopause is slightly delayed in women who have had children or used oral contraceptives because they have fewer ovulation cycles earlier in life (Cramer et al., 1995).  At particular risk are women who have early menopause or late menarche (Van Hemert et al., 1990)

Any factor that results in estrogen deficiency, especially before natural menopause, increases the risk of osteoporosis.  From the above findings it could be concluded that the number of deliveries or hysterectomy had not been the major cause for osteoporosis among the women studied.
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C. Postmenopausal symptoms 
The postmenopausal symptoms of the subjects were recorded in terms of vasomotor symptoms, atrophic tissue conditions, urogenital atrophy and psychological symptoms.  The results are presented in Table IV.

Table – IV

Presence of postmenopausal symptoms

S. No
Symptoms
No. of subjects

1.
Vasomotor symptoms

Palpitation

Hot flushes

Night sweats
15

7

5

2.
Atropic tissue conditions

Overall hair loss

Wrinkling of skin

Thin skin

Roughening of skin

Hypo / hyper pigmentation

Brittle nails
29

28

27

25

17

6

3.
Urogenital atropy

Urinary dysfunction 

Vaginal dryness

Postmenopausal bleeding

Vaginitis
14

13

7

1

4.
Psychological symptoms

Excessive fatigue

Head aches

Insomnia

Mood fluctuations

Anxiety

Tension

Irritability

Apprehension

Restlessness
27

25

15

11

11

11

10

5

5


Women experienced various postmenopausal symptoms. The vasomotor symptoms include palpitations, hot flushes and night sweats.  It was observed that 15 of the subjects suffered from palpitations. Seven suffered from hot flushes and five subjects suffered from night sweats. Studies have reported a small reduction in hot flushes in postmenopausal women whose diets were supplemented with soy when compared to the placebo (Albertazzi et al., 1998).

Atropic tissue conditions includes overall hair loss, wrinkling of skin, thin skin, roughening of skin, hypo / hyper pigmentation and brittle nails. Out of 30 subjects, 29 suffered from overall hair loss and 20 of them suffered from wrinkled skin conditions. Twenty seven of the subjects had thin skin while 25 of the subjects complained of rough skin. Hypo / hyper pigmentation was seen in 17 of the subjects. Constant nail breakage and brittle nails was reported by six subjects. 

Urogenital atropy included symptoms such as urinary dysfunction, vaginal dryness, post menopausal bleeding and vaginitis. Urinary dysfunction symptoms were seen in 14 of the subjects while 13 subjects experienced vaginal dryness. Postmenopausal bleeding which is a common postmenopausal symptom was experienced by seven subjects. Only one out of the total 30 subjects experienced vaginitis. 

The psychological symptoms suffered by postmenopausal women included excessive fatigue, headache, insomnia, mood fluctuations, anxiety, tension, irritability, apprehension and restlessness. In the present study, 27 subjects complained of suffering from excessive fatigue. Twenty five subjects suffered from frequent and constant headaches. Insomnia or inability to sleep was experienced by 15 subjects. Mood fluctuations, anxiety and tension were experienced by 11 subjects while five of the subjects were sometime restless and experienced apprehension in various decisions. Mood swings, depression and concentration difficulties are psychological symptoms that are associated with menopause (Sherwin et al., 1996).

Estrogen therapy is useful in reducing hot flushes.  It improves mood and dysphoria possibly by affecting the metabolism of serotonin in the CNS (Campbell et al., 1997).

D. Consumption of phytoestrogen rich foods

Table V and Figure 2 presents the details on the consumption of phytoestrogen rich foods by the subjects

Table – V

Phytoestrogen rich foods consumed by the subjects

Foods
Daily
Twice a week
Rare
Never consumed

Green beans

Wheat

Sesame seeds

Aniseed

Soya bean

Almond

Oats 
22

20

6

3

1

-

-
6

9

21

23

2

1

1
1

1

-

1

2

1

-
3

-

3

3

25

28

29
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The USDA (United States Department of Agriculture) has given a list of various phytoestrogen rich foods. A number of intervention trials have revealed the beneficial effects of phytoestrogens on the bone mineral density. The phytoestrogen rich foods consumed by the subjects and their frequency of consumption were recorded for all the subjects.  Soya bean was consumed daily by only one subject and it was consumed twice a week by two subjects. Two subjects rarely consumed soya bean and 25 subjects had never consumed soya beans. This was mainly because of the lack of awareness of the subjects on the importance of this bean. 

Wheat was consumed by 20 subjects every day. Nine subjects consumed it twice a week and only one consumed it rarely. Consumption of oats and almonds was negligible probably because of their cost. Only three subjects consumed aniseed on a daily basis. While 23 subjects consumed it twice a week, one subject rarely consumed it and three out of the 30 subjects had never consumed aniseed. Twenty two subjects out of the 30 consumed green beans regularly. Six subjects consumed it twice a week, one subject rarely consumed it and three subjects had never consumed it. Sesame seeds was consumed by six subjects on a regular basis, 21 subjects consumed it twice a week and three subjects had never consumed. Of all the phytoestrogen rich foods commonly available only wheat and green beans were consumed by the subjects on a regular basis.  Although the mechanism of action of phytoestrogens on bone health is still unclear, it has been suggested that several mechanisms may be involved.  Phytoestrogens may exert osteoprotective effect by mimicking estrogen to inhibit osteoclastic bone resorption (Ishimi et al., 1999; Picherit et al., 2001 and Rassi et al., 2002) or by stimulating osteoblastic bone formation (Fanti et al., 1998).

E. Effect of supplementing phytoestrogen rich foods

The outcomes of supplementation of phytoestrogen rich foods to postmenopausal women are discussed under the following headings:

1. Mean height, weight and Body Mass Index of the subjects

2. Changes in serum calcium levels 

3. Changes in Bone Mineral Density and

4. Changes in postmenopausal symptoms.

1. Mean height, weight and Body Mass Index of the subjects 

Tables VI and VII and Figure 3 present the mean height, weight and Body Mass Index of the subjects studied.  The individual values are presented in Appendix II.

Table – VI 

Mean height, weight and Body Mass Index of the subjects
Groups
Mean height (m)
Mean weight (kg)
Mean BMI

Group A
1.54
52.7
22.12

Group B
1.55
51.9
21.48

Group C
1.55
51.6
20.9


In the present study it was observed that the mean height of the subjects in the three groups A, B and C were 1.54, 1.55 and 1.55 metres respectively. The mean weight of the subjects in the three groups were 52.7, 51.9 and 51.6 kg respectively.  The mean BMI of the different groups were 22.12, 21.48 and 20.9 respectively.  The mean BMI of all the three groups fell under the normal classification, which ranged from 18.5 to 22.9.   

Table – VII

Classification of subjects according to Body Mass Index

Details
BMI range
Group A
Group B
Group C

Underweight 
< 18.5
2
2
3

Normal
18.5 – 22.9
3
4
3

At risk of obesity
23 – 25
3
2
4

Grade I
25 – 29.9
2
2
NIL

Grade II
> 30
NIL
NIL
NIL

      
Various measures of body size have been shown to be associated with BMD, particularly body weight and height, which have been positively associated with BMD (Bevier et al., 1989). The positive relationship between weight and BMD is probably the result of increased mechanical forces on the bone (Slemenda et al.,1995).  Ribot et al., (1987) state that weight and height of an individual are positively associated with BMD.   The number of subjects in each group were classified according to their Body Mass Index.  It was observed that two subjects from group A, two subjects from group B and three subjects from group C were underweight with a BMI <18.5.  Three subjects from group A, four subjects from group B and three subjects from group C were normal with a BMI ranging between 18.5 to 22.9.  Three subjects in group A, two subjects in group B and four subjects in group C were classified as at risk of obesity with their BMI values ranging from 23 to 25.  Two subjects each in group A and group B were classified as obese grade I, their BMI ranged from 25 to 29.9.  There were no subjects with BMI of above 30.  According to Pluijm et al., (2001) both fat mass and muscle mass are strong independent determinants of total hip BMD and that in women, fat mass play an important mediating role.
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2. Changes in serum calcium levels
Table VIII and Figure 4 present the mean initial and final serum calcium level of subjects studied, with the individual values in the Appendix III.

Table – VIII

Mean initial and final serum calcium level of subjects
Group
Mean serum calcium
t – Value
Groups compared
t – value


Initial
Final
Mean difference




A

(PRF mixture)
7.88 

(  0.607
8.53

( 0.627
0.65 

( 0.172 
-11.98**
A Vs B
0.82NS

B

(Soya flour)
7.83 

( 0.383
8.55

( 0.384
0.72 

( 0.210
-10.85**
A Vs C
1.19NS

C

(Premarin)
8.06

( 0.389
8.63 

( 0.422
0.57

( 0.125
-14.40**
B Vs C 
1.94NS

**
Significant at 1% level

NS
Not Significant


The mean initial serum calcium levels of subjects in group A supplemented with PRF mixture, group B supplemented with soya flour, group C given premarin were found to be 7.88, 7.83 and 8.06 mg/dl.  The normal serum calcium values ranged from 8.5 to 10.4 mg per dl, hence the mean serum calcium values in the three  groups were found to be low.  Low serum calcium levels is characteristic of osteoporosis and people with post-menopausal syndromes. After supplementation with the respective phytoestrogen rich food along with 500 mg of calcium for a period of three months, there was an increase in mean serum calcium levels of all the three groups studied, the values being 8.53, 8.55 and 8.63 mg per dl respectively.  The increments in serum calcium level observed in all the three groups were found to be significant at one per cent level.


Among the three groups A, B and C the mean increment in serum calcium levels were found to be 0.65, 0.72 and 0.57 mg respectively.  When the increments were statistically compared between the groups they were not found to be statistically significant. Though the difference between the groups were not statistically significant, the soya flour group had the maximum increment followed by the PRF mixture and Premarin.  According to a study by Aloia et al., (1988) calcium supplementation increased the serum calcium levels.  A study conducted by Irshad et al., (2002) showed a significant increase in serum calcium levels when a phytoestrogen rich diet was supplemented to postmenopausal women.  The observation in the present study are in accordance with the reported findings. 
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3. Changes in Bone Mineral Density
Changes in the BMD of all the subjects were determined after three of supplementation.  A model record of initial and final picture of a subject is presented below:

  Table IX and Figure 5 present the mean initial and final values of BMD studied and the individual values are presented in the Appendix IV.

Table – IX

Mean initial and final bmd values of subjects

Groups
Mean BMD values (t – Test)
t – value
Groups compared 
t – value


Initial 
Final 
Mean difference




A

(PRF mixture)
-3.35

( 0.602.
-3.15 

( 0.472 
0.2

( 0.189
3.35**
A Vs B
0.46NS

B

(Soya flour)
-3.18 

( 0.371
-3.02

( 0.253
0.16 

( 0.201
2.52*
A Vs C
0.35NS

C

(Premarin)
-3.00

( 0.337
-2.83

( 0.365
0.17 

( 0.195
2.76*
B Vs C 
0.11NS

**
Significant at 1% level

*
Significant at 5% level

NS
Not significant
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Bone mineral density among the postmenopausal women is the common health problem faced by women in the postmenopausal stage of their life.  Osteoporosis is characterised by lowering of bone mineral density, the normal value being higher than –2.5, the lower values indicate the presence of osteoporosis.  The main causative factor for low BMD is the reduction of estrogen levels in the body.  Studies have shown than any factor that results in estrogen deficiency, especially before natural menopause, increases the risk of bone loss.  In the present study, the subjects in group A, B and C registered mean BMD values of –3.35, -3.19 and –3.0 respectively.  All these values being lower than the normal standards (-2.5) indicate the presence of osteoporosis among all the three group of subjects.  However, over a period of three months in all the three groups a considerable reduction in BMD values were recorded, the difference being statistically significant at one per cent  level in group A and at five per cent  level in group B and C.  This indicates that among the three estrogen rich supplements, the PRF mixture developed in the study had a highest influence over the BMD followed by premarin and soya flour.  A cross sectional study of 208 postmenopausal American women showed that dietary isoflavone consumption may be protective against bone loss (Kritz Silversteen Good man – Gruen, 2002).  As seen in the case of serum calcium, the comparisons between the groups did not show a statistically significant difference.  Though the differences in the increment were not statistically significant, based on the trend it can be concluded that longer feeding trials may show significant differences.

4. Changes in postmenopausal symptoms

All the subjects were interviewed at the end of the study to find out any improvement or change in the postmenopausal symptoms suffered.  The subjects could not report any obvious changes in the vasomotor symptoms, atropic tissue conditions or urogenital symptoms probably due to the shorter duration of the study, however a few of the subjects reported that after the therapy back pain, headache and insomnia had slightly reduced in three subjects in group A, four subjects in group B and two subjects in group C respectively.

The results of the present investigation reveal that loss of  Bone Mineral Density accompanied by various postmenopausal symptoms is a common health problem of postmenopausal women.  The osteoporotic condition is characterized by loss of BMD and low serum calcium levels which could be efficiently treated through a food based approach, i.e., with phytoestrogens rich foods.  As it is, people are not aware of the importance of consuming phytoestrogens rich foods and measures should be taken to create awareness among postmenopausal women.  The newly evolved phytoestrogens mixture was found to be as good as soya or pharmaceutical preparation.  Long time studies are recommended along these lines to observe changes in the postmenopausal symptoms, Body Mass Index.  There is also need to bring out values of phytoestrogens in all the commonly consumed foods, which would help to evolve better guidelines.  
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Summary and Conclusion

V. SUMMARY AND CONCLUSION

The present study entitled, “Effect of supplementation of phytoestrogens on the bone mineral density of postmenopausal women” is an effort in bringing out the effectiveness of supplementing phytoestrogen rich foods (food based approach) on the bone mineral density of postmenopausal women in comparison with estrogen replacement therapy.  The subjects for this study were postmenopausal women attending two private hospitals in Thrissur District, Kerala.  After establishing adequate rapport with the hospital authorities, all the postmenopausal women attending the hospital were interviewed personally and details on their socio-economic background, life style, family status, ailments suffered and all other relevant factors were collected. From the hospital records 30 willing subjects with Bone Mineral Density lower than –2.5, indicating the presence of osteoporosis were selected for the study.  They were divided into three groups of ten members each and treated as below for a period of three months.  Patients in group A were supplemented with a phytoestrogen rich food mixture composed of soya, wheat flour, ground nuts, sesame seeds, Bengal gram flour and flax seeds, which supplied 94 mg of phytoestrogen per day.  Subjects in Group B were supplemented with soya flour (70gm/day) exclusively which also supplied 94 mg of phytoestrogen per day.  The subjects in third group were supplied with estrogen tablets premarin with the estrogen content of 0.625mg per day.  The subjects in all the three groups were also supplemented with calcium tablets of 500 mg, along with the above supplements.  For all the 30 subjects, bone density and serum calcium levels were determined initially and finally to ascertain the effectiveness of the different supplements and arrive at the ideal treatment beneficial to postmenopausal women for osteoporosis.  Also information on postmenopausal symptoms was elicited from all the subjects before and after the study.

The findings of the study revealed the following:

1. A maximum of 17 subjects out of the 30, belonged to the age group of 55 to 60 years, followed by eight individuals belonging to the age group of 65 to 70 years and five subjects belonging to the category of 60 to 65 years.

2. Seven subjects had studied upto middle school, 16 had studied uptil matriculation, four subjects were graduates and only three out of the total 30 subjects were illiterate.

3. A majority of the subjects i.e. number 17 were housewives who did not go out for jobs. The manual labourers were seven in number, four of the women were professionals and two were found to be retired personnel.

4. A majority of the 15 subjects had only one or two children. Twelve subjects had three to six children and only three out of 30 subjects had no issues.

5. A majority of subjects (No.29) had not undergone any surgery for removal of uterus. Only one individual out of the 30 subjects had undergone hysterectomy.

6. Among the 30 subjects only two subjects had suffered from fractures after the age of 35 years. The remaining 28 subjects had not suffered from any fractures though suffering from osteoporosis.

7. Ten out of the 30 subjects had attained menopause between the age of 45 to 50 years. Nine subjects had attained menopause between 40 to 45 years. Six subjects had attained menopause before 40 years of age and five subjects had attained menopause between 50 to 55 years. 

8. Seven subjects suffered from hot flushes. Palpitation was observed among fifteen subjects and five subjects suffered from night sweats.

9. A majority of 29 subjects suffered from overall hair loss and 28 of them suffered from wrinkled skin conditions. Twenty seven of the subjects had thin skin while 25 of the subjects complained of rough skin. Hypo/hyper pigmentation was seen in 17 subjects. Constant nail breakage and brittle nails were reported by six subjects.

10. Urinary dysfunction symptoms were seen in 14 of the subjects while 13 subjects experienced vaginal dryness. Seven subjects experienced postmenopausal bleeding. Only one out of the total 30 subjects experienced vaginitis.

11. In the present study it was seen that 27 subjects complained of excessive fatigue. Twenty five subjects suffered from frequent and constant headaches. Fifteen subjects experienced insomnia. Mood fluctuations, anxiety and tension were experienced by 11 subjects while five of the subjects were sometimes restless and experienced apprehension in various decisions. 

12. A majority of 22 and 20 subjects consumed green beans and wheat respectively on a regular basis. Sesame seeds and aniseeds were consumed by 21 and 23 subjects respectively twice a week. Almonds and oats were not consumed by a majority of 28 and 29 subjects respectively. Soya bean which is one of the richest source of phytoestrogen was not consumed by 25 subjects.

13. Ten subjects were with a BMI range of 18.5 to 22.9 while nine subjects had a BMI between 23 to 25, four subjects had a BMI range of 25 to 29.9 and seven subjects had the BMI below 18.5.  No change was observed in the BMI after supplementation.

14. The mean initial serum calcium levels of subjects in groups A, B and C were found to be 7.88, 7.83 and 8.06 mg/dl respectively.  After supplementation with the respective phytoestrogen rich food along with 500 mg of calcium there was an increase in the values in the three groups which were 8.53, 8.55 and 8.63 mg/dl.  The increments were found to be statistically significant  (p < 0.01).  However a comparison of the increments between the groups were not found to be statistically significant.

15.  Initially the subjects in groups A, B and C registered mean Bone Mineral Density values of –3.35, -3.19 and –3.0 respectively and they were lower than the normal standard  (-2.5).  At the end of the supplementation an improvement in the mean BMD of all the three groups was recorded, the values being -3.15, -3.02 and -2.83 respectively for groups A, B and C.  The differences between the initial and final values were statistically significant at 1per cent level for group A and at 5 per cent level for groups B and C.  Though the differences in the increment between the groups were not statistically significant, based on the observations it could be concluded that longer feeding trials may show significant differences.

16. A few subjects reported a slight reduction in back pain, headache and insomnia after the therapy.   This was reported by three subjects in group A, four in group B and two in group C respectively.


From the forgoing discussions it could be concluded that, the post menopausal symptoms along with osteoporosis suffered by women could be easily treated through food based approach.  Care should be taken to improve the quality of the diet especially the calcium content of the diet.  Both soya and the newly developed food mixture were almost equally efficient in increasing bone health and pharmaceutical preparation was found to be in no way better than the food supplement in promoting the bone health.  Further studies are recommended to –

a. determine the phytoestrogen content of all the commonly consumed  Indian foods.  

b. find out the phytoestrogen content of the diets consumed 

c. establish safe intake levels of phytoestrogen

d. determine the effects of long term feeding trials to bring out the full potentials of the food based approach and  

e. explore the effects of phytoestrogen on women of different age groups after menopause 
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Appendices
APPENDIX I

INTERVIEW SCHEDULE TO ELICIT INFORMATION FROM

POSTMENOPAUSAL WOMEN

SOCIO-ECONOMIC BACKGROUND
1. Name of the interviewer
:

2. Caste/Community

:

3. Address 



:

4. Age



:

5. Educational status

:




6. Occupational status

:


Professional

(
Retired


(
Business


(
Housewife

(
Manual labourer
(
7.
Marital status


:







     Married


(






     Unmarried

(
8.
Family background 

:    Living with spouse
(






     Living with children
(






     Living alone

(
9.
Family composition
:









Joint family

(







Nuclear family

(
10. Number of children

11. Space between each child birth

12. Source of family income

Name
Age
Relation to the interviewee
Frequency of income
Income








Other source of income
:


Total income

:


13.
Location of residence
:







Located (houses) close to each other

(




Located in a flat




(




Independent houses with a big courtyard 
(
14.  Do religious customs require you to wear a veil when going outdoors?

15. 
Give details of the physical activity performed on a regular basis

Kind of activity
Duration in a day
Indoors/Outdoors





CLINICAL PICTURE AND HEALTH PROBLEMS
16.
Height



:


Weight



:


Body Mass Index


:

17.
Age of cessation of menstrual period

18.
Have you undergone


Hysterectomy /Oophorectomy

19.
If yes, when?

20.
Have you suffered from any type of fracture of bone dislocation?

(a) If yes

Month and year of fracture
Type of fracture
Bone fracture
Age at which it occurred






21. 
Do you suffer from any of the following conditions?

(a) Vasomotor symptoms

Y

N



Hot flushes



(

(


Night sweats


(

(


Palpitations



(

(

(b)
Atropic tissue condition

Y

N





Thin skin



(

(




Roughing of skin


(

(


Wrinkling of skin


(

(


Overall hair loss


(

(


Hypo or Hyper pigmentation
(

(


Brittle nails



(

(

(c)
Urogenital atrophy symptoms
Y

N



Vaginal dryness


(

(


Vaginites



(

(


Postmenopausal bleeding

(

(


Urinary dysfunction

(

(

(d)
Psychological symptoms

Y

N



Excessive fatigue


(

(


Irritability



(

(


Apprehension


(

(


Restlessness



(

(


Tension



(

(


Anxiety



(

(


Mood fluctuations


(

(


Headaches



(

(


Insomnia



(

(




DIETARY INFORMATION 

22.
Meal pattern followed 



Vegetarian




(




Non-vegetarian



(
23.
Dietary pattern followed




2 meals / day



(

3 meals / day



(

others





(


24.
Frequency of consumption of foods by the subject

Food item
Daily
Thrice  a week 
Twice a week
Once a week
Fort nightly 
Monthly 

Rice

Wheat

PULSES

Red gram dh al

Black gram dhal

Channa dhal

Soya beans

Horse gram

GREEN LEAFY VEGETABLES

Carrot

Brinjal

Bittergourd

Beans

Tomato

Snake gourd

Bottle gourd

Potato

MILK AND MILK PRODUCTGS

Curd

Milkbutter milk

Butter

Cottage cheese

MEAT & MEAT PRODUCTFS

Chicken

Fish 







25.
Tick the phytoestrogen rich foods consumed


Food
Daily
Twice a week
Rare
Never consumed

1
Soya beans





2
Oats





3
Wheat





4
Almond





5
Aniseed





6
Green beans





7
Sesame seeds





26.
Do you consume any tablets?

27.
If yes, give details

Type of tablet
Commercial
Period of consumption
Dosage
Reason for consumption







28. Do you suffer from any allergic reaction to any medicines?

29. If yes, specify the type of reaction and name of the drug.

APPENDIX II

HEIGHT AND WEIGHT OF SUBJECTS IN GROUP A

Subjects
Height (m)
Weight (kg)
Body Mass Index

Vimala
1.42
42
20.82

Saraswathi 
1.62
46
17.50

Ammani 
1.39
36
18.60

Devaky
1.59
60
23.71

Gauri
1.63
72
27.09

Thankam
1.58
68
27.2

Janaki P.K.
1.49
54
24.32

Ammani 
1.46
52
24.39

Leela Thankaragan
1.69
49
17.15

Mary
1.53
48
20.50

HEIGHT AND WEIGHT OF SUBJECTS IN GROUP B

Subjects 
Height (m)
Weight (kg)
Body Mass Index

Vimala
1.52
56
22.40

Saraswathi 
1.59
64
25.30

Ammani 
1.69
53
18.55

Devaky
1.49
37
16.66

Gauri
1.51
42
18.4

Thankam
1.50
54
24.00

Janaki P.K.
1.47
45
20.8

Ammani 
1.56
65
26.7

Leela Thankaragan
1.64
50
18.5

Mary
1.50
53
23.5

HEIGHT AND WEIGHT OF SUBJECTS IN GROUP C

Subjects
Height (m)
Weight (kg)
Body Mass Index

Santha Sukumaran
1.58
50
20.02

Thankam
1.60
60
23.43

Sara Vasu
1.52
52
22.50

Gracy Paul
1.50
53
23.50

Radha Kumari
1.59
38
15.03

Janaky
1.51
55
24.12

Radha Vasudevan
1.58
54
21.60

Neelu Mol
1.58
61
24.40

Mariumma
1.63
47
17.68

Omana K.A.
1.50
38
16.80

APPENDIX III

PATIENTS GIVEN PHYTOESTROGEN RICH FOOD MIXTURE – (GROUP A) SERUM CALCIUM

(Normal 8.5 -  10.4 mg/dl)

S.No.
Name
Initial (mg/dl)
Final (mg/dl)

1
P.Saradha
8.2
9.1

2
Amina
7.3
8.0

3
Thanka
7.8
8.3

4
Kumary George
7.2
8.0

5
Umadu
7.4
7.8

6
Trressiakutty
7.2
7.8

7
Thandu
8.6
9.1

8
Mary Yohannan
8.7
9.2

9
Guly
7.8
8.6

10
Karthiyayani 
8.6
9.4

PATIENTS GIVEN SOYA FLOUR  (GROUP B)

SERUM CALCIUM

(Normal value – 8.5 – 10.4 mg/dl)

S.No.
Name
Initial (mg/dl)
Final (mg/dl)

1
Vimala
8.2
9.1

2
Saraswathi
8.3
8.8

3
Ammani
7.2
8.0

4
Devaky
7.8
8.6

5
Gauri
7.9
8.4

6
Thankam
7.3
8.1

7
Janaki P.K.
7.5
8.2

8
Ammani
7.9
8.6

9
Leela Thankaragan
8.0
9.1

10
Mary
8.2
8.6

PATIENTS GIVEN PREMARIN (0.625mg) (GROUP C)
SERUM CALCIUM LEVELS 

S.No.
Name
Initial (mg/dl)
Final (mg/dl)

1
Santha Sukumaran
7.8
8.2

2
Thankam
7.6
8.2

3
Sara vasu
8.2
8.8

4
Gracy paul
8.4
9.1

5
Radha kumari
8.7
9.3

6
Janaky V.A.
7.9
8.4

7
Radha vasudevan
8.3
8.7

8
Neelu Mol
8.1
8.9

9
Mariumma
8.2
8.7

10
Omana K.A.
7.4
8.0

APPENDIX IV

PATIENTS GIVEN PRF MIXTURE (GROUP A) BMD

S.No.
Name
Initial
Final



T
Z
SI
T
Z
SI

1
P.Saradha
-2.6
-1.1
66
-2.6
-1.1
66

2
Amina
-3.9
-2.0
49
-3.7
-1.8
54

3
Thanka
-3.4
-2.0
56
-3.1
-1.7
58

4
Kumary George
-4.1
-1.2
64
-3.8
-1.0
68

5
Umadu
-3.1
-0.8
86
-3.1
-0.8
86

6
Trressiakutty
-4.2
-2.2
46
-3.8
-1.9
50

7
Thandu
-2.8
-0.8
64
-2.8
-0.6
64

8
Mary Yohannan
-2.6
-1.4
67
-2.6
-0.9
68

9
Guly
-3.7
2.2
52
-3.2
-1.9
55

10
Karthiyayani 
-3.1
-1.8
59
-2.8
-1.6
88

PATIENTS GIVEN SOYA FLOUR (GROUP B)

BMD 

S.No.
Name
Initial
Final



T
Z
SI
T
Z
SI

1
Vimala
-2.9
-1.2
62
-2.9
-1.2
62

2
Saraswathi
-2.7
-0.8
66
-2.7
-0.8
66

3
Ammani
-3.7
-1.8
52
-3.1
-1.4
56

4
Devaky
-3.4
-1.9
56
-3.0
-1.3
58

5
Gauri
-3.1
-1.8
56
-3.1
-1.6
57

6
Thankam
-3.2
-0.7
62
-3.2
-0.7
62

7
Janaki P.K.
-3.4
-1.9
58
-3.2
-1.4
60

8
Ammani
-3.7
-1.8
52
-3.5
-1.6
55

9
Leela Thankaragan
-2.8
-0.7
67
-2.8
-0.7
67

10
Mary
-2.8
-0.6
64
-2.7
-0.4
68

PATIENTS GIVEN PREMARIN (0.625 mg) (GROUP C)

BMD 

S.No.
Name
Initial
Final



T
Z
SI
T
Z
SI

1
Santha Sukumaran
-3.1
-1.8
59
-2.7
-0.9
59

2
Thankam
-3.7
-1.6
52
-3.7
-1.3
54

3
Sara vasu
-2.8
-1.2
64
-2.7
-0.9
68

4
Gracy paul
-2.9
-0.6
56
-2.4
-0.5
64

5
Radha kumari
-2.6
-0.9
68
-2.6
-0.9
68

6
Janaky V.A.
-3.1
-1.2
60
-2.7
-0.8
64

7
Radha vasudevan
-2.7
-0.9
5.7
-2.7
-0.8
57

8
Neelu Mol
-2.8
-0.8
64
-2.8
-0.8
64

9
Mariumma
-2.9
-0.6
52
-2.8
-0.5
67

10
Omana K.A.
-3.4
-0.6
62
-3.2
-0.5
64
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FIGURE 1


Conditions related to osteoporosis 
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FIGURE 3


Classification of subjects according to Body Mass Index





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





BMD  after treatment





BMD  before treatment





BMD RESULTS BEFORE AND AFTER SUPPLEMENTATION
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