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The Chemistry of Phosphoric Acid in Diet Sodas and its 

Effect on Bone Mineral Loss


There is no question about it; diet soda is not healthy in any shape or form. However, what about a health-conscious choice of diet soda? That is the million-dollar question that majority of people tend to misinterpret. The word diet makes the consumer believe that the drink is a healthy alternative, compared to the average soda beverage. That is where most people are wrong. The primary source of dietary phosphoric acid is found in diet sodas and have been examined for their potential to cause calcium loss in bones, leading up to a decrease in bone mineral density. The chemical makeup of phosphoric acid, the leading cause of osteoporosis and how phosphoric acid in diet soda affects the human skeleton will further be discussed. With the loss of bone mineral density in the body, one might have to think twice next time they spring for a diet soda. Let us crack the lid of information on the wonderful world of phosphoric acid in diet soda. 

To begin, phosphoric acid (chemical formula, H3PO4) in its pure form is a colorless, odorless phosphorous-containing inorganic acid. It comes in liquid form or a transparent crystalline solid. Phosphoric acid can be extracted from rocks using sulfuric acid or by burning off the elemental phosphorous and adding water to its byproduct. A common use for phosphoric acid is in food additives. Diet soda is an example that uses this chemical as one of its main ingredients to provide a sharper, sour and tangy taste and to help slow the growth molds and bacteria that are in high sugar formulas. Approximately forty-four to seventy mg per twelve oz. serving of phosphoric acid is in diet sodas (Anderson, 1995). This amount of phosphoric acid found is considered to be more potent in diet sodas that exceed the level that is found in coffee. Many of the younger population who consume diet sodas display a high risk of low bone mass three to four-fold higher than those who do not.
Orthophosphoric acid is a derivative of phosphoric acid, when pure it is solid at room temperature and pressure. It is a non-toxic acid when it becomes distinguishable from the extraction of phosphoric acid. The conjugate base of the phosphoric acid in its complete form is phosphate (PO43-). The phosphates produced are to be nutritious for all forms of life. Phosphates naturally occur in compounds that contain the mineral phosphorus. The formation of phosphoric acid takes place with a combination of mineral acids and phosphates. 
The leading cause to weak bones that scientists have hypothesized is phosphoric acid in carbonated diet soda. Phosphoric acid deprives the body of absorbing calcium, and instead of taking the much-needed mineral from its bones. The lead author of the study and a bone biology and calcium nutrition expert at Creighton University in Omaha, Nebraska wrote that the primary effect that diet sodas appear to be is to displace healthier beverages. (Fernando, G.R, 1999). His study showed that phosphoric acid prevented calcium from being absorbed. Calcium is needed to buffer the increased acid loads that are delivered by the cola consumption. Katherine Tucker, an epidemiologist at the U.S. Department of Agriculture Nutrition Research Centre at Tufts University, was the lead author of the published study on the determination of the long-term effect of drinking diet soda. Her research suggests phosphoric acid does cause bone-mineral-density loss, she states in her research, “the effect of dosing of phosphoric acid may be small at any one time, but a slight effect with a very constant habit may accumulate over many years” (McKay, 2007). Phosphoric acid is a source of the phosphate ion, in which the body cells need to maintain proper function. Phosphates in the body show up in the genetic material to produce the molecules that cells need to produce energy. However, the extra supplements of phosphates are not needed, as they are ubiquitous in foods. An extraction of phosphoric acid will produce phosphates; however, the acid has additional chemical properties that are not healthy. 

Moreover, for several years, scientists have been researching and trying to determine whether drinking diet soda can weaken a person’s bones over time. The conclusion that majority of scientists have come up with is not if the ingredients in diet soda are considered a nutritional alternative, but rather is the general population getting enough beverages that are essential to having a robust and healthy skeleton. 
Osteoporosis is a condition that causes bones to become thin and porous. In other words, it is the decreasing of bone strength that can lead to the increase of breaking bones as individuals’ age. The key to building healthy bones is to start during childhood and adolescence to prevent the development of osteoporosis at a later age. With approximately thirty-five million people in Canada, about 1.4 million Canadians have osteoporosis. However, only about five percent are knowledgeable about the disease. There are over eighty percent of all fractures in people fifty and over that are due to this condition that can cause seventy to ninety percent of thirty-thousand hip fractures annually (Osteoporosis Canada, 2017). This statistic indicates the greater risk of death that persists afterwards. The loss of bone mass cause the most morbidity with high mortality rates in the first few years. According to Osteoporosis Canada, “at least one in three women and one in five are likely to suffer from an osteoporotic fracture during their lifetime” (Osteoporosis Canada, 2017). The high percentile is due to the lack of calcium consumption versus the high phosphoric acid consumption that is taken daily. The recommended consumption of calcium per day is one thousand to one thousand two hundred mg, and many women and men fail to reach this level of dietary intake. Many people only get about three hundred mg of calcium per day (Osteoporosis Canada, 2017). Therefore, diet sodas have been identified to be the leading problem to lower calcium levels and raise phosphate levels in the blood. When phosphate levels are high, and the calcium levels are low, calcium is pulled out of the bones. The phosphate content of diet sodas is very high, and they contain virtually no calcium. 

Furthermore, diet sodas contain phosphoric acid, an ingredient that increases the acidity of blood in the human body. In nature, phosphorus is bonded to an oxygen molecule, providing it with acidic properties. To neutralize the acidity, the body leaches calcium from the bones, leading to bone loss over time. Gina Shaw, a medical and healthcare writer for WebMD, explains, “if you think of your body as a building, your bones are the framing. Without stronger bones, the whole thing would collapse” (Shaw, 2005-2017). Shaw discusses how the recent rise of diet soda-related health problems is due to peoples’ tendency to replace the nutritional beverages, such as milk or water, with diet soda. Shaw states that the particular agent in diet sodas that causes these issues to occur is phosphoric acid. 
The human body consists of both phosphorous and calcium at a one to one ratio that is essential for these vital minerals found in the bone, blood and soft tissue of the body. They also play a significant role in numerous bodily functions. The large amounts of phosphoric acid in diet sodas can disrupt the balance in the body. A ratio that is lower than this is considered to be unhealthy for bones. When large amounts of phosphoric acid enter into the body, the blood stream is affected first, lowering the blood’s pH level. The body fights the imbalance immediately by extracting minerals from bones to restore the phosphorus-calcium balance. A positive bone balance and the optimization of peak bone mass is not achievable when there are abnormally high concentrations of a nutritional secondary parathyroid hormone that is in the blood, resulting in weakened bones through the loss of calcium. Mona S. Calvo and Katherine L. Tucker are two epidemiologists who work at the Office of Applied Research and Safety Assessment, at the U.S Food and Drug Administration at the University of Massachusetts. In their research on The phosphorus intake that exceeds dietary requirement a risk factor in bone health, they had stated, “the lack of effect of total phosphorus intake suggest that there is something unique about diet cola. Due to the fact that diet cola provide a dose of phosphorus without other buffering nutrients, it is possible that frequently repeated exposure to this single source leads to episodes of high serum phosphorus. Due to large conventional means, the effect of calcium balance can result in the loss of calcium from bones that are not easily measured” (Calvo and Tucker, 2015). Calvo and Tucker’s research study the improvement of nutrient databases that will help identify the sources of phosphorus as being either natural or added. Phosphorus absorption is more efficient from added phosphorus sources rather than natural phosphorus from components of diet soda. Their study is to quantify the phosphorus’s bioavailability and evaluate the health impact of the phosphoric exposure that will balance the calcium-to-phosphorus ratio. High dietary phosphorus is a key factor leading to the disordered regulation of these hormones in the progressive bone loss with age, especially when the calcium intake is low. 
Studies have shown a link between phosphoric acid to lower bone density in humans. In 2006, the American Journal of Clinical Nutrition published a journal with experimental observations about the consumption of diet sodas that contained phosphoric acid. The conclusion was identified that diet sodas lead to the decrease in bone mineral density (BMD). Researchers measured the BMD in the spine and hips of 1413 women and 1125 men. For both males and females, the diet cola intake had shown significantly lower BMD in the hips but not the spine. The same research was conducted using non-cola beverages with no negative results on the BMD (Calvo and Tucker, 2015). The consumption of diet soda beverages rich in phosphoric acid interact with stomach acid, slowing digestion and blocking nutrient absorption. Therefore, when other nutrients are packaged with phosphoric acid, it is absorbed normally and everything is in balance. However, in diet cola the dose of phosphoric acid without calcium is not balance and the extra phosphorus binds with calcium. This prevents it from being absorbed and causing low BMD.

In conclusion, consumption of diet sodas adversely affects the bone structure by lowering the bone mineral density. The leading cause that links diet soda and bone loss is high levels of phosphoric acid. Phosphorus in the form of phosphate or phosphoric acid is added to processed food and soft drinks to give it its flavor. This chemical also exists at a one to one ratio in the body with calcium. Too much phosphoric acid can reduce the amount of calcium that the body absorbs, resulting in depletion of bone density. It is clear that although there is the word “diet” in the front of diet sodas, does not mean it is healthy. Before reaching for a diet soda, think about how it may affect you in the long run. The taste, carbonation and the sweetness may be refreshing, but the havoc on the fragile systems of the human body is slowly becoming weak. So why take a chance with all these potential risks, when there is nothing to gain from having a can of diet soda?
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