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Abstract
Factors, such as hormonal changes in postmenopausal women, natural aging degeneration, 
race, gender, body size, lifestyle, physical activity, sunlight, dietary intake, medications, 
or other environmental issues, can affect the rate of bone formation or reabsorption, cause 
changes in bone mineral content, and influence the development of osteoporosis. Do 
vegetarian diets adversely affect bone mineral density  (BMD)? Among postmenopausal 
Buddhists, long‑term practitioners of vegan vegetarian were found to have a higher risk 
exceeding the lumbar fracture threshold and a lower level of hip BMD after controlling 
for other variables. However, results of several prospective longitudinal studies failed to 
show a harmful effect of vegetarianism on bone health. In the Taiwanese adult population, 
researchers also did not find that a vegetarian diet significantly affects age‑related BMD 
decline. Due to the various levels of nutrients in the diet  (such as protein, alkali, calcium, 
Vitamin K, and phytoestrogens) and major lifestyle factors  (such as smoking and physical 
exercise), determining the impact of a vegetarian diet on bone health is very complex. 
Good‑quality vegetarian food can provide a healthy foundation for building and maintaining 
healthy bones and preventing fractures.
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and malignancy, osteoporosis and its prevention have become 
increasingly important  [4]. Osteoporosis, characterized by low 
bone mass and a tendency to experience fractures, is a disease 
found predominantly in women but also in men. With the 
increase in age, the BMD of men gradually decreases, while 
that of women declines sharply after the fifth decade due to 
menopause  [2]. Fractures are associated with increased mor-
bidity and mortality  [5], as well as huge economic costs to 
health care and families [6]. It is critical to identify risk factors 
associated with poor bone health to reduce fracture rates and 
mortality, thereby reducing medical‑related costs [7].

Diets, calories, and health issues
The different types of vegetarians range from the strict 

vegan (diet without any animal products), lactovegetarian (diet 
containing dairy products but not eggs), ovo‑lacto vegetarian 
(diet including dairy products and eggs), or omnivores who 
only periodically follow a vegan diet  [8,9]. Vegetarian foods 
usually have fewer saturated fats and cholesterol, and the 
increase in dietary fiber and presence of many phytochemicals 

Introduction

Remodeling of bones is a continuous and complex process. 
In assessing the combined effects of physical and nutri-

tional factors on bone health in children and adolescents, 
physical activity and diet were found to be the most relevant 
factors affecting bone mineral density  (BMD) and fracture 
risk [1]. Similarly, diet is considered one of the leading causes 
of bone mineral loss in the elderly  [2]. Just as experts rec-
ommend following a plant‑based diet to improve health, 
vegetarian diets have become increasingly popular, especially 
among environmentalists and Buddhists, and are generally 
accepted by the elderly. Vegetarian diets differ significantly 
in nutritional components from meat diets, and many of the 
nutrients may affect bone metabolism, some beneficially and 
some unfavorably  [3]. A  plant‑based diet has been proven to 
be harmless to bone development in young adults  [3]. We 
discuss the health issues, nutrients, dietary acid load and calo-
ries associated with plant‑based and meat‑based diets, and the 
relationship of a vegetarian diet to BMD.

Health issues and bone mineral density
The advancement of medical technology and improve-

ments in economic conditions and living standards have 
greatly prolonged human life  [2]. Aside from other diseases, 
such as cardiovascular disease  (CVD), metabolic problems, 
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promote health  [10]. The body mass index  (BMI) of people 
following a meat‑based diet tends to be higher than that of 
people adhering to an ovo‑lacto vegetarian or vegan diet; 
however, individuals adhering to a vegan diet had superior 
diet quality as compared to those in the other diet groups  [3]. 
In addition to lower BMI, vegetarians usually have lower 
serum total and low‑density lipoprotein cholesterol levels and 
lower blood pressure  [10]. Vegetarian foods are health‑related 
and reduce the incidence of obesity, diabetes, hypertension, 
metabolic syndrome, ischemic heart disease, CVD, and certain 
cancers, especially in the light of the link of such foods to 
lower BMI values [11‑16]. High fiber intake is associated with 
significant reductions in pancreatic cancer, CVD mortality, and 
all‑cause mortality  [17]. However, the restrictive nature of the 
diet raises concerns about possible nutritional deficiencies and 
an increased risk of osteoporosis [18].

Vegetarians consumed fewer total calories than nonveg-
etarians  [19]. Calorie restriction  (CR) lowers inflammation, 
insulin resistance, and CVD, subsequently benefiting bone 
health by reducing those known risk factors for osteoporosis 
and fractures  [20‑24]. However, CR‑induced weight loss is 
also accompanied by decreased regional BMD, and reduc-
tion in bone mass and bone size is considered harmful to bone 
health  [25]. The positive effect of CR on osteoporosis risk 
factors appears to be at least partially offset by the reduced 
hip/lumbar BMD caused by weight loss [26].

Diets and nutrients
In Asia, most vegetarians are Buddhists, derived from the 

Buddha’s “do not kill” doctrine. Some eat dairy products 
and eggs in addition to plant‑based foods  (ovo‑lacto vegetar-
ians)  [27]. In Taiwanese adults over  45  years, the prevalence 
of vegetarianism is estimated to be 2.3% among men and 
4.4% among women [28]. Most people still believe that foods 
of animal origin are more nutritious than foods of plant origin. 
Vegan diets lack calcium‑rich food items, and are rich in 
inhibitors of calcium absorption, including oxalic acid, phytic 
acid, and fiber  [9]. Due to their religious beliefs, the calcium 
intake of strict Buddhist vegetarians in Taiwan is below 75% 
of the recommended daily allowance  [9]. Many evidences 
suggest that dietary protein is particularly important for osteo-
genesis and to reduce the risk of fractures, especially in the 
elderly  [3]. Vegetarian food is related to factors that may not 
support bone health and may help promote bone loss, such 
as low body weight, low protein intake, and limited intake of 
calcium and phosphorus [3,29,30]. Compared to the meat diet, 
the intake of Vitamin B12 in the vegetarian diet is significantly 
reduced  [3]. Some vegans have been reported to have low 
Vitamin D intake due to not taking Vitamin D supplements or 
consuming dairy products, fortified rice milk, soy milk, orange 
juice, cereals, and margarine  [31]. Compared to different 
types of plant‑based diets, egg–milk diets have higher levels 
of specific nutrients essential for bone health that are found 
in animal foods, such as calcium, protein, Vitamin D, Vitamin 
B12, and retinol, which are lower in vegetarian diets  [32]. 
Dairy products and eggs are a good source of Vitamin B12, 
and vegans must get Vitamin B12 by regularly using Vitamin 
B12‑fortified foods [10].

Compared to pure omnivores, those who stick to vegan 
diets have significantly more magnesium, folic acid, and 
Vitamin K  [3]. Vegetarians have a higher intake of Vitamin 
K, which is found in green leafy vegetables and vegetable 
oils  [33,34]. Although zinc is found in beans, nuts, and whole 
grains, the phytate in these foods makes it less bioavailable 
than that from animal sources  [35]. The vegetarian diet has a 
higher content of n‑6 fatty acids, and the elimination of fish 
reduces the intake of n‑3 fatty acids for many vegetarians, 
while walnuts, flax seed, and canola oil also contain n‑3 fatty 
acids  (specifically a‑linoleic acid  [ALA])  [35]. Vegetarians’ 
iron intake is usually similar to or slightly better than that of 
nonvegetarians  [10]. In terms of protein, the Taiwanese veg-
etarian diet contains a large amount of soy products as a major 
alternative to animal products, instead of the milk and cheese 
typical of Western countries  [36]. Compared to nonvegans, 
Taiwanese vegetarians consume fewer calories, more carbohy-
drates, and less fat and protein [36].

Diets, dietary acid load, and bone mineral 
density

In healthy individuals, buffering of metabolic acids is 
controlled by the kidneys, lungs, and bones  [37]. Bone is 
sensitive to the environment, and slight changes in nutrient 
utilization and the acid–base balance can acutely affect bone 
metabolism  [38,39]. Almost all foods contain precursors of 
acids  (oxidation of organic sulfur to sulfates), while fruits 
and vegetables also contain precursors of bases  (metaboliz-
ing of citrate or malate to bicarbonate)  [40,41]. Vegetarian 
diets are more alkaline than omnivorous ones, a factor 
that contributes to the higher BMD of vegetarians  [42‑44]. 
Potential renal acid load is often estimated from dietary intake 
using the equation: 0.49  ×  protein  (g) +0.037  ×  phospho-
rus (mg) −0.021 × potassium (mg) −0.026 × magnesium (mg) 
−0.013 × calcium (mg)  [45]. In Knurick’s study, the urine pH 
of ovo‑lacto vegetarian and vegetarian groups was more alka-
line than that of omnivores (6.5 ± 0.4, 6.7 ± 0.4 and 6.2 ± 0.4, 
respectively, P  =  0.003); however, the pH of urine was asso-
ciated with BMD in omnivores only  [3]. Dietary habits can 
result in the loss of 15% of bone calcium over  10  years 
when dietary practices cause buffering of mild metabolic 
acidosis [46].

Higher alkaline states achieved by dietary or pharmacologi-
cal means can positively affect calcium balance and elevate 
the blood pH [47]. By adding potassium bicarbonate or bicar-
bonate‑rich mineral water to diet, bone absorption is reduced 
through balancing of the nutritional alkali load  [48,49]. 
However, a retrospective two‑center analysis showed no 
effect of dietary alkali treatment on changes in BMD or bone 
resorption [50]. Diet acid load may be a quantitatively smaller 
factor than age, gender, weight, and level of exercise  [40]. In 
people with normal renal function and normal acid excretion 
capacity, acid loading in the diet is not easily detectable as 
a factor in lowered BMD and osteoporosis development  [40]. 
Over decades, some amount of acid in the body, titrated by 
skeletal bases daily, could cause a large consumption of bone 
minerals [40].
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High protein intake can have a detrimental effect on bone 
health, as it increases the amount of dietary acid, which is the 
result of hydrogen ions produced during oxidation of the sul-
fur‑containing amino acids cysteine and methionine  [51]. As 
the dietary acid load stimulates osteoclast activity and bone 
resorption, the neutralized carbonate and hydroxyapatite salts 
are released from the bone, thus preventing bone mineraliza-
tion  [47,48]. Fruits and vegetables are associated with a low 
dietary acid load and are known to be associated with lower 
bone absorption and therefore with higher BMD  [52]. Fruits 
and vegetables are also principal sources of potassium and 
provide a buffer through the production of bicarbonate  [53]. 
Regardless of the source, high potassium intake is positively 
correlated with bone metabolism [54]. Although protein intake 
is considered a net acid‑producing substance and therefore 
a net negative risk factor for osteolysis, eating protein with 
enough calcium, potassium, and other minerals can have an 
overall beneficial effect on skeletal metabolism [55,56].

Vegetarian and bone mineral density
Reports on the effect of a vegetarian diet on BMD are con-

flicting. Lloyd et al. reported no significant difference in spine 
bone density between premenopausal vegetarian and nonveg-
etarian women  [57]. The results of a 2009 meta‑analysis of 9 
studies and 2,749 subjects suggested that BMD at the femoral 
neck and lumbar spine was about 4% lower and fracture risk 
was about 10% higher in vegetarians than in omnivores, but 
the magnitude of the association was clinically insignifi-
cant  [58]. Similarly, in a 2015 study, compared to those who 
ate an omnivorous diet, people who adhered to a meat‑free 
diet had a 4%–5% reduction in BMD with unobvious differ-
ence  [3]. This study of young, nonobese adults showed no 
significant difference in BMD over a 1‑year period between 
omnivores, ovo‑lacto vegetarians, and vegans [3].

Compared with nonvegetarian postmenopausal women, 
women of the same age who were ovo‑lacto vegetarians had 
no differences in cortical and trabecular BMD according to 
Tesar et  al. [59] In a study of 1,600 women in Southwestern 
Michigan by Marsh et al., by age 80, women who maintained 
an ovo‑lacto vegetarian diet for at least 20 years had a reduc-
tion of only 18% in bone mineralization  [60]. In comparison, 
Marsh’s data showed a 35% reduction in bone mineralization 
in the nonvegetarian women [60].

Comparisons between Taiwanese vegetarians and non-
vegetarians, either men or women, revealed no statistically 
significant difference in BMD, with comparable proportions of 
subjects with osteopenia or osteoporosis between groups  [2]. 
The BMD showed age‑related declines in men and women 
in Taiwan, but a vegetarian diet did not seem to affect this 
decline  [2]. However, Chiu et  al. reported that long‑term 
vegetarian diets have been linked to a higher incidence of 
osteopenia of the femoral neck in postmenopausal Buddhist 
women in Taiwan  [8]. Compared with other non‑long‑term 
or nonstrict vegans, long‑term practitioners of vegan-
ism had statistically significantly greater age, lower height, 
lower lumbar spine BMD, and lower total hip BMD in sub-
group analysis  [8]. The total number of years of following 

a vegetarian diet was also significantly negatively correlated 
with BMD  [8]. Lau et al. reported that, among older Chinese 
women, the BMD of the hips of vegetarians was lower than 
that of nonvegetarians  [19]. A  2019 meta‑analysis of 20 
studies and 37,134 participants showed that vegetarian and 
vegan diets were associated with lower BMD at the femoral 
neck and lumbar vertebrae compared to an omnivore diet  [7]. 
Vegans, unlike other vegetarians, were more prone to fractures 
than omnivores, in subgroup analysis in a study by Iguacel 
et al. [7]. This result suggests that the lower BMD of vegetar-
ians and vegans may be clinically relevant, as vegans are at a 
higher risk of fractures than omnivores [7].

The different results of various studies may be partly attrib-
uted to the differences in the studied populations  (different 
races, genders, age, or menstrual status), different intervals 
of following a vegetarian diet  (long‑term or short‑term), 
different degree of strictness in adhering to a vegetarian 
diet  (vegan, lactovegetarian, or ovo‑lacto vegetarian), differ-
ent quality between studies, and different substitutes for meat 
products [2,3,7]. Lifestyle factors may also influence the asso-
ciation between diet and BMD. Vegans and vegetarians are 
more likely to exhibit healthier behaviors than omnivores, 
such as higher levels of physical exercise, lower smoking 
rates, and lower intake of alcohol and caffeine [61].

Nutrients and bone mineral density
Bone is a dynamic, metabolically active tissue that 

requires sufficient nutrients throughout its life cycle for bone 
modeling and mineralization [3]. Dietary intake of Vitamin D, 
protein, calcium, caffeine, and alcohol all influence the regu-
lation of the rate of bone remodeling  [62]. Vegetarian foods 
are linked to factors that are bad for bone health, such as low 
BMI and low intake of calcium, Vitamin D, Vitamin B12, and 
protein, but these diets are also rich in nutrients that are good 
for bone health, including potassium, magnesium, Vitamins 
C and K, and n‑3 fatty acids  [10,35]. A high‑quality vegetar-
ian diet may include consumption of more of the nutrients 
which protect bones. These nutrients include potassium, mag-
nesium, Vitamin K, antioxidants  (including Vitamins E and 
C and carotenoids), as well as the anti‑inflammatory phyto-
nutrients found in fruits, vegetables, nuts, legumes, herbs, 
and tea  [35]. Increased consumption of fruits and vegetables 
with high magnesium and potassium content has a positive 
impact on calcium and bone metabolism  [63]. Magnesium 
enhances bone strength and regulates calcium transport in the 
intestine  [64]. Vitamin K has been associated with protection 
against fracture risk [33,34].

Vitamin B12, found only in animals, is involved in regu-
lating growth and bone mass  [65]. Inadequate Vitamin B12 
status is associated with low BMD, increased fracture risk, 
and osteoporosis  [66,67]. Phytic acid and oxalic acid may 
interfere with the absorption and retention of calcium, thereby 
negatively affecting BMD  [68]. Lower levels of serum and 
bone zinc have been noted in patients with osteoporosis  [69]. 
A higher ratio of n‑6 to n‑3 fatty acid intake is also associated 
with lower hip BMD [70], and dietary ALA is associated with 
a lower risk of hip fracture [71].
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Vitamin D plays a key role in bone health by promot-
ing calcium absorption and normal bone mineralization  [68]. 
Identifying good sources of Vitamin D is a priority for improv-
ing bone health in vegetarians and vegans, such as Vitamin 
D2 in ultraviolet‑treated mushrooms, shown to benefit those 
at risk for Vitamin D deficiency  [72]. In Lau’s study, Chinese 
vegetarians consumed fewer total calories; less fat and protein; 
and more calcium, potassium, and sodium than Chinese non-
vegetarians. However, none of these dietary differences were 
found to be significantly associated with BMD [19]. Appleby’s 
study suggests that vegans are at a higher risk of fractures 
only when their calcium intake is  <  525 mg/day  [73]. These 
studies suggest that insufficient protein and calcium intake of 
the subjects may explain the unfavorable results of vegetarian 
diets on bone health [10].

A relatively large amount of protein, one of the main com-
ponents of the bone matrix, is required during bone formation 
during normal bone remodeling and overall bone tissue mainte-
nance in older women [74]. The anabolic effect of proteins on 
bones is mediated by insulin‑like growth factor 1, which can 
increase plasma osteocalcin and promote the recruitment and 
the activity of osteoblasts  [75]. Dietary protein is significantly 
correlated with BMD in all dietary types (omnivore, ovo‑lacto 
vegetarian, and vegan)  [3]. Higher BMI and increased protein 
intake have been associated with a significantly lower risk 
of lumbar spine osteopenia  [9]. In one study, when vegetar-
ians increased their intake of plant protein from  <  3  times a 
week to more than once a day, wrist fractures were reduced by 
68%  [76]. However, another study of postmenopausal Asian 
females found no difference in the risk of vertebral fractures 
between vegetarians  (who consumed 40% less protein daily) 
and omnivores [77].

The benefit to BMD of greater protein intake may be com-
promised by the unfavorable effect on BMD of the higher 
dietary acid load of protein sulfur [3,78]. High intake of fruits 
and vegetables reduces the acid load in the diet by providing 
neutralizing anions  [79]. For those on plant‑based diets, it is 
still important to have sufficient dietary protein intake to main-
tain bone health in an alkaline environment  [3]. Consumption 
of soy, a common Asian substitute for meat protein, seems 
to be good for bone health  [10]. Compared with placebo, 
soy isoflavones have significant benefits in terms of spinal 
BMD by inhibiting bone resorption and stimulating bone for-
mation  [80]. Soy isoflavones and soy phytoestrogens have 
been shown to positively affect BMD in postmenopausal 
women  [81,82]. Some diets for vegetarian may contain lot of 
proteins, such soybean, tofu, and soy milk, which might be 
benefit for bone health in these people.

Gender, hormone, and culture
Estrogen, a key regulator of bone metabolism in men 

and women, has inhibitory effects blocking the activation 
of osteoclasts either directly or via osteoblasts and T‑cells, 
ultimately decreasing bone resorption and maintaining bone 
formation  [83]. Menopause and loss of ovarian estrogens 
are associated with declines in BMD  [84]. A  study showed 
an association between low protein intake and greater 

bone loss and hip fractures in the younger Framingham 
Offspring women but not in men [85]. Isoflavones are natural 
phytochemicals belonging to the category of “phytoestro-
gens” [86]. Phytoestrogens have the potential to reduce bone 
loss during menopause, as evidenced by the clinical use of 
synthetic isoflavone–ipriflavone  [87]. Soy protein also has 
the potential to prevent bone loss associated with ovarian 
estrogen deficiency [88]. For postmenopausal women, ingest-
ing soy protein at a high isoflavone concentration for 6 
months can prevent bone loss in the spine  [89]. Taiwanese 
vegetarian diet often uses soy products such as tofu, fake 
meat, and fake fish as a major alternative to animal prod-
ucts of protein. However, in Western countries, vegetarians 
often eat milk, yogurt, and cheese as substitutes of protein 
sources  [36]. In Western countries, the transition from a 
meat diet to a plant‑based diet, including the consumption 
of large amounts of soy products and intake of sufficient 
calcium, may be beneficial to bone health, but it is impos-
sible to offset limited physical activity and low estrogen 
exposure  [90]. In Asia, the incidence of osteoporosis‑related 
fractures is lower than in most Western communities, but it 
is difficult to discern whether the intake of isoflavones in soy 
foods can explain this difference, especially because there 
are many other factors that can explain these epidemiological 
findings  [91,92]. There are few studies focusing on the other 
nutrients between different gender and culture. For women 
living in Western‑style environments, the effect on BMD 
and bone loss was limited to postmenopause women with a 
calcium intake below 400 mg per day [93].

Foods and dietetics
Information related to the nutriology and dietetics, as well 

as diet suggestions for vegetarian to avoid the osteoporosis, 
is listed in Table 1 [94]. Discussing the condiments, high salt 
intake is one of the major risk factors for osteoporosis due to 
increased calciuria [95]. Sugar, by reducing calcium intake and 
increasing urinary calcium excretion, is a higher risk factor 
than salt for osteoporosis when overconsumed  [96]. Avoiding 
too much intake of sweet beverages or dessert can reduce the 
risk of fractures  [96]. Hence, vegetarians need to take care of 
not consuming too much salt or sugar.

Table 1: Nutrients and food suggestions for vegetarians
Nutrient Food suggestions for vegetarians
Protein Eggs, soybean, tofu, soy products, and soy milk
Calcium Broccoli, cabbage, okra, mustard greens, legumes, milk, 

yogurt, and cheese
Magnesium Legumes, spinach, beet, tomatoes, potatoes, sweet 

potatoes, and raisins
Potassium Tomatoes, raisins, spinach, potatoes, papaya, oranges, 

and bananas
Vitamin B12 Nori, shiitake mushroom, yogurt, milk, cheese, and eggs
Vitamin C Broccoli, grapefruits, oranges, papaya pineapple, and 

strawberries
Vitamin K Collard greens, mustard greens, and spinach
Zinc Beans, nuts, and whole grains
n‑3 fatty acids Walnuts, flax seed, and canola oil
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Conclusion
In the relation between vegetarian/vegan diet and bone 

health, it is imperative to consider the possible impact of 
overall diet quality. A  healthy bone diet prescription may 
increase plant protein intake in people who follow a veg-
etarian diet plan. The nutritional deficiencies associated with 
poor bone health can be avoided when a vegetarian or vegan 
diet is properly planned with high biological value proteins, 
a variety of fruits and vegetables, legumes, whole grains, 
nuts, and various soy products. Long‑term female vegetar-
ians may need effective nutritional supplements  (particularly 
calcium and Vitamin D) to increase BMD levels and reduce 
the risk of osteoporosis. Maintaining a healthy lifestyle, by 
increasing physical activity, reducing caffeine intake, limiting 
drinking, and quitting smoking, is also crucial for good bone 
health [61,62].
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