
		
			[image: OROAJ.jpg]
		

	
		
			Research Article

			Volume 15 issue 1 - October 2019

			DOI: 10.19080/OROAJ.2019.15.555903

		

		
			Ensuring Adequate Calcium intake on a 

			Plant-Based Diet

			Stewart Rose* and Amanda Strombom

			Plant-Based Diets in Medicine, USA

			Submission: October 04, 2019;  Published: October 16, 2019

			*Corresponding author: Stewart Rose, Vice President, Plant-Based Diets in Medicine, 12819 SE 38th St, #427, Bellevue, WA 98006, USA

			Abstract

			Patients on a plant-based diet consume no dairy products and so must get their calcium from plant foods. Fortunately, a number of plant foods can supply the calcium needed. However, care needs to be taken to obtain calcium from foods that have a low oxalate content and therefore are more bioavailable. Concern about reduced bioavailability due to phytate is less of an issue for those on a plant-based diet because they develop bacterial flora that effectively degrades it. Epidemiologic studies show that people on a plant-based diet achieve a bone mineral density equal to their omnivore counterparts if their calcium intake is adequate. However, plant-based diets vary in their content. While some patients on a plant-based diet achieve adequate calcium intake, many don’t. In order to ensure adequate calcium intake, patients need to be counseled to emphasize foods with a high calcium content. Patients should also be counseled on dietary factors that decrease calcium retention, particularly sodium. Almost half the American public take calcium supplements. This can be helpful for patients on a plant-based diet. Obtaining calcium from plant foods has the advantage of avoiding the saturated fat and cholesterol in dairy products, and providing other nutrients, including fiber and phytonutrients, absent in dairy.
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			Introduction

			Calcium (Ca) is the most abundant mineral in the body. The only source of calcium is from the diet. It is found in some foods, added to others, available as a dietary supplement, and present in some medicines (such as antacids). Calcium is required for vascular contraction and vasodilation, muscle function, nerve transmission, intracellular signaling and hormonal secretion, although less than 1% of total body calcium is needed to support these critical metabolic functions. The remaining 99% of the body’s calcium supply is stored in the bones and teeth where it supports their structure and function [1]. Serum calcium is very tightly regulated and does not fluctuate with changes in dietary intakes. The body uses bone tissue as a reservoir for, and source of calcium, to maintain constant concentrations of calcium in blood, muscle, and intercellular fluids [1]. Calcium insufficiency manifests as decreased bone mass and osteoporotic fracture. In the rapidly growing child, calcium deficiency causes rickets. Low levels of intestinal calcium resulting from low dietary intakes have also been associated with increased risk of kidney stones and colon cancer [2]. This is probably due to the decreased binding and increased absorption of oxalic acid, the main constituent of kidney stones, and of carcinogens such as bile acids [3]. Calcium’s metabolism is regulated by 3 major transport systems: intestinal absorption, renal reabsorption, and 

bone metabolism. Calcium transport in these tissues is regulated by a homeostatic hormonal system that involves parathyroid hormone, 1,25 dihydroxyvitamin D, ionized calcium, and the calcium sensing receptor [1,3].

			Intestinal Absorption

			The transfer of calcium across the intestinal barrier occurs through both saturable (transcellular) and non-saturable (paracellular diffusion) pathways [4-8]. The saturable component of Ca absorption is prevalent in the proximal small intestine (i.e. duodenum and jejunum) and is under nutritional and physiological regulation. This is an energy dependent pathway whereby Ca movement from the mucosal-to-serosal side of the intestinal barrier can occur against a concentration gradient [8,9]. In contrast, passive transport occurs throughout the length of the intestine and is a non-saturable, linear function of luminal Ca concentration (e.g. 13% of luminal load per hour in humans [7,8]. The non-saturable portion of Ca absorption in the human ileum is vitamin D sensitive [7,8], as is the saturable pathway to a lesser degree.

			In the case of low intake of calcium, the saturable transport pathway is up regulated, a process mediated by increased renal production of 1,25 dihydroxyvitamin D (1,25(OH)2 D) [10]. Dawson-Hughes et al. found that in women, the efficiency of Ca absorption increased by 32% within one week of reducing dietary Ca intake from 2000 mg/d to 300 mg/d [11]. Consistent with this, low vitamin D status, as well as deletion/mutation of the vitamin D receptor (VDR) or 25 hydroxyvitamin D-1α hydroxylase (CYP27B1) genes, limit Ca absorption by reducing the saturable pathway. 

			Bone Metabolism

			Calcium metabolism is regulated in large part by the parathyroid hormone (PTH)–vitamin D endocrine system, which is characterized by a series of homeostatic feedback loops. The rapid release of mineral from the bone is essential to maintain adequate levels of ionized calcium in serum. During vitamin D deficiency states, bone metabolism is significantly affected as a result of reduced active calcium absorption. This leads to increased PTH secretion as the calcium sensing receptor in the parathyroid gland senses changes in circulating ionic calcium. Increased PTH levels induce enzyme activity (1α-hydroxylase) in the kidney, which converts vitamin D to its active hormonal form, calcitriol. In turn, calcitriol stimulates enhanced calcium absorption from the gut. Not surprisingly, the interplay between the dynamics of calcium and vitamin D often complicates the interpretation of data relative to calcium requirements, deficiency states, and excess intake [1].

			In addition to the well-established effects that estrogen has on bone and bone cells [12-14], estrogen can influence Ca metabolism in several ways [15]. In a comparison of pre and post-menopausal women, Heaney et al. found that calcium balance fell significantly in post-menopausal women and that this was due to both a reduction in calcium absorption and an increase in urinary calcium loss [12]. Estrogen loss can reduce the serum level of 1,25(OH)2 D, but this can be reversed by estrogen repletion and is accompanied by an increase in fractional calcium absorption [16]. 

			Renal Reabsorption

			Calcium leaves the body mainly in urine and feces, but also in other body tissues and fluids, such as sweat. Calcium excretion in the urine is a function of the balance between the calcium load filtered by the kidneys and the efficiency of reabsorption from the renal tubules [17]. Nearly 98 percent of filtered calcium (i.e., glomerular filtrate) is reabsorbed by either passive or active processes occurring at four sites in the kidney, each contributing to maintaining neutral calcium balance. Seventy percent of the filtered calcium is reabsorbed passively in the proximal tubule. 

			Active calcium transport is regulated by the calcium sensing receptor located in the ascending loop of Henle, where, in response to high calcium levels in the extracellular fluid, active reabsorption in the loop is blocked through actions of the calcium sensing receptor. In contrast, when the filtered calcium load is low, the calcium sensing receptor is activated, and a greater fraction of the filtered calcium is reabsorbed. In the distal tubule, the ion channels known as transient receptor potential cation channel vanilloid family member 5 (TRPV5) control active calcium transport and this process is regulated by calcitriol and estradiol. Finally, the collecting duct also can participate in passive calcium transport, although the relative percentage of total calcium reabsorption in the collecting duct is low. Overall, a typical daily calcium loss for a healthy adult man or woman via renal excretion is 5 mmol/day [18]. Disruption of any of these mechanisms leads to abnormal calcium homeostasis. In chronic kidney disease, disturbances in calcium homeostasis are common and, as GFR decreases, disturbances in calcium homeostasis increase [19]. Healthy vegans who have a lower than desirable Ca intake can still maintain sufficient Ca status through the activation of the saturable pathway and through increased renal absorption.

			Epidemiology

			Bone Density

			Several studies have shown that vegans have the same bone density (BMD) and fracture rates as omnivores [20-23]. However, some studies did not [24]. The differences may be a result of different diets within the spectrum of plant based diets. Some vegan diets have higher intakes of calcium than others. This may be particularly true of east Asian plant-based diets. In one study of those who follow a plant-based diet, subjects who had at least 525 mg calcium per day had the same fracture risk as omnivores, but those whose intake was less than 525 mg per day had a higher risk of fracture [25]. So it appears that at a Ca intake level of 525 mg and above, the fracture rates of vegans are equivalent to the fracture rate of omnivores. With aging and after menopause, fractional calcium absorption has been reported to decline on average by 0.21 percent per year after 40 years of age [1]. 

			Nutrition

			Many plant foods are a good source of calcium and the absorption of calcium from them is often better than from dairy products. However, oxalic acid, found naturally in some plants, binds to calcium and can inhibit its absorption [1]. The high bioavailability of calcium from low oxalate vegetables, relative to milk, suggests two things. First, the fibers in the vegetables do not inhibit calcium absorption. This has been confirmed with purified fibers [26,27]. Second, low oxalate vegetables may contain calcium absorption enhancers that have not yet been identified [26]. In general, calcium absorption is inversely proportional to the oxalic acid content of the food. Thus, calcium bioavailability is low from both American and Chinese varieties of spinach (5%) and rhubarb, intermediate from sweet potatoes (25%), and high from low oxalate vegetables such as kale (50%), broccoli (62%), and bok choy (54%). A notable exception to this generalization is soybeans. Soybeans are rich in both oxalate and phytate, yet soy products have relatively high calcium bioavailability [26]. 

			High intake of fruits and vegetables have been associated with a benefit to bone health [28-30]. Potassium levels in fruits and vegetables have been a leading candidate for this benefit. However, in a large Scottish study, flavonoid intake was more strongly related to bone health than fruit and vegetable intake in general [31]. Flavonoids are polyphenolic compounds, some of which have specific effects on osteoblasts or osteoclasts that reduce age-related bone loss [32]. Observational studies have limited ability to distinguish the effect of potassium on bone in the context of many other constituents that may influence bone such as flavonoids. It must also be remembered that some fruits and vegetables have specific positive effects on bone metabolism, which are independent of the alkalizing action of vegetarian diets. For example, the consumption of onions, [33] and of tomatoes, berries, salad greens and green vegetables may be significantly correlated with lower bone resorption and higher BMD of the lumbar spine in humans [34]. Blue fruits, such as plums and blueberries were also shown to inhibit bone resorption and to increase BMD in humans [35,36].

			Antinutrients

			Urinary calcium losses account for 50% of the variability in calcium retention [37]. Of the nutritional factors thought to influence urinary calcium losses (protein, caffeine and sodium intake), sodium appears to be the most important factor. Because sodium and calcium share some of the same transport systems in the proximal tubule, each 2300mg sodium excreted by the kidney pulls 40–60mg calcium out with it [38]. High protein intake also increases calcium excretion and was therefore thought to negatively affect calcium status [26,39]. However, more recent research suggests that high protein intake also increases intestinal calcium absorption, effectively offsetting its effect on calcium excretion, so whole body calcium retention remains substantially unchanged [40].

			In a double-blind, placebo-controlled trial, Berger-Lux et al. showed that a coffee intake in excess of 1000mL could induce an extra calcium loss of 1.6 mmol calcium/day, whereas intakes of 1-2 cups of coffee per day would have little impact on calcium balance [41]. Other studies reported differing results but relied on estimating caffeine consumption from food-composition tables [42]. Although caffeine consumed in high amounts acutely increases urinary calcium, the effect on 24-hr urinary calcium was negligible [41]. On average, a cup (240 mL) of coffee decreases calcium retention by only 2-3mg [26]. Thus, even heavy consumption of caffeine has a modest effect on calcium loss for most people. The effect of phosphate on calcium excretion is minimal. Several observational studies suggest that consumption of carbonated soft drinks with high levels of phosphate is associated with reduced bone mass and increased fracture risk. However, the effect is probably due to replacing milk with soda rather than the phosphorus itself [43,44]. 

			There has long been a theoretical concern about the larger intake of phytates in plant foods inhibiting mineral absorption of some minerals, such as calcium in those following a vegetarian diet. However, there was little evidence of deficiency commonly occurring in practice. Part of the answer lies in the microbiota of the vegetarian. It turns out that their flora act to degrade phytate, thus allowing for good absorption of minerals. One recent study concludes that, “it was the vegetarians’ microbiota that particularly degraded up to 100% phytate to myo-inositol phosphate products.” A diet rich in phytate increases the potential of intestinal microbiota to degrade phytate. The co-operation of both aerobic and anaerobic bacteria is essential for the complete phytate degradation [45].

			Clinical Considerations

			Here are the current U.S. recommended dietary allowances (RDAs) (Table 1): 

			Table 1: Recommended Dietary Allowances for Calcium [1].
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							Male

						
							
							Female

						
							
							Pregnant

						
							
							Lactating

						
					

					
							
							0-6 months

						
							
							200mg

						
							
							200mg

						
							
							
					

					
							
							7-12 months

						
							
							260mg

						
							
							260mg

						
							
							
					

					
							
							1-3 years

						
							
							700mg

						
							
							700mg

						
							
							
					

					
							
							4-8 years

						
							
							1,000 mg

						
							
							1,000 mg

						
							
							
					

					
							
							9-13 years

						
							
							1,300 mg

						
							
							1,300 mg

						
							
							
					

					
							
							14-18 years

						
							
							1,300 mg

						
							
							1,300 mg

						
							
							1,300 mg

						
							
							1,300 mg

						
					

					
							
							19-50 years

						
							
							1,000 mg

						
							
							1,000 mg

						
							
							1,000 mg

						
							
							1,000 mg

						
					

					
							
							51-70 years

						
							
							1,000 mg

						
							
							1,000 mg

						
							
							
					

					
							
							71+ years

						
							
							1,200 mg

						
							
							1,200 mg

						
							
							
					

				
			

			Table 2: Calcium content of various foods.

			
				
					
					
					
				
				
					
							
							Food

						
							
							Calcium (mg/100 cal serving)

						
							
							Absorption Rate

						
					

					
							
							Bok Choy

						
							
							870 mg

						
							
							High

						
					

					
							
							Collard Greens

						
							
							609 mg

						
							
							Medium

						
					

					
							
							Orange Juice (calc fortified)

						
							
							320 mg

						
							
							High

						
					

					
							
							Tofu (set with calcium)

						
							
							287 mg

						
							
							Medium

						
					

					
							
							Kale

						
							
							270 mg

						
							
							High

						
					

					
							
							Broccoli

						
							
							215 mg

						
							
							High

						
					

					
							
							Cow’s milk (for comparison)

						
							
							188 mg

						
							
							Medium

						
					

					
							
							Sesame seeds

						
							
							170 mg

						
							
							Medium

						
					

					
							
							Cabbage

						
							
							160 mg

						
							
							High

						
					

					
							
							White Beans

						
							
							72 mg

						
							
							Medium

						
					

					
							
							Tempeh

						
							
							55 mg

						
							
							Medium

						
					

				
			

			These RDAs are not universally recommended and vary from country to country. For instance, in the United Kingdom the RDAs are around half the U.S. levels. Given the data on fracture rates [25] the United Kingdom RDAs appear to be adequate. To meet the recommendations generous portions of plant foods should be eaten (Table 2). Even so, some people will still need help in reaching recommended intakes of calcium. In these cases, supplements will prove very helpful. 

			Calcium Supplements

			About 43% of the U.S. population (including almost 70% of older women) uses dietary supplements containing calcium, increasing calcium intakes on average by about 330 mg/day among supplement users [1,46]. The two main forms of calcium in supplements are carbonate and citrate. Calcium carbonate is more commonly available and is both inexpensive and convenient. Due to its dependence on stomach acid for absorption, calcium carbonate is absorbed most efficiently when taken with food, whereas calcium citrate is absorbed equally well when taken with or without food [47]. Calcium citrate is also useful for people with achlorhydria, inflammatory bowel disease, or absorption disorders [1]. Calcium citrate or malate is a well-absorbed form of calcium found in some fortified juices [48]. Other calcium forms in supplements or fortified foods include gluconate, lactate, and phosphate.

			The percentage of calcium absorbed depends on the total amount of elemental calcium consumed at one time; as the amount increases, the percentage absorption decreases. Absorption is highest in doses less than 500mg [1]. So, for example, one who takes 1,000mg/day of calcium from supplements might split the dose and take 500mg at two separate times during the day. Some individuals who take calcium supplements might experience gastrointestinal side effects including gas, bloating, constipation, or a combination of these symptoms. Calcium carbonate appears to cause more of these side effects than calcium citrate [1], so consideration of the form of calcium supplement is warranted if these side effects are reported. Other strategies to alleviate symptoms include spreading out the calcium dose throughout the day and/or taking the supplement with meals.

			Medication Interactions

			Calcium supplements have the potential to interact with several types of medications. Individuals taking these medications on a regular basis should discuss their calcium intake with their healthcare providers. Calcium can decrease absorption of the following drugs when taken together: bisphosphonates, benzodiazephines, the fluoroquinolone and tetracycline classes of antibiotics, levothyroxine, phenytoin, and tiludronate disodium [49-51]. Thiazide-type diuretics can interact with calcium carbonate and vitamin D supplements, increasing the risks of hypercalcemia and hypercalciuria [50]. Both aluminum- and magnesium-containing antacids increase urinary calcium excretion. Mineral oil and stimulant laxatives decrease calcium absorption. Glucocorticoids, such as prednisone, can cause calcium depletion and eventually osteoporosis when they are used for months [50].

			Studies on human subjects have shown that calcium (Ca) can inhibit iron (Fe) absorption, regardless of whether it is given as Ca salts or in food products. This has caused concern as increased Ca intake commonly is recommended for children and women, the same populations that are at risk of Fe deficiency. However, a thorough review of studies on humans in which Ca intake was substantially increased for long periods shows no changes in hematological measures or indicators of iron status [52]. 

			Discussion

			The patient on a plant-based diet needs calcium the same as their omnivore counterparts. Calcium needs can be met with plant foods, so dairy consumption is not necessary. In fact, obtaining calcium from plant food sources is preferable, in that they provide fiber, vitamins, minerals and phytonutrients, without the price tag of saturated fat and risk for the lactose intolerant. Vegetables also have the advantage of providing phytonutrients which have been associated with greater bone mineral density. Patients should be counseled on which foods are high in bioavailable calcium. Apart from this, patient advice is the same as for omnivores. Special note should be made to avoid excessive sodium.
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