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Abstract: Trans-fatty acids are formed during the commercial hydrogenation of vegetable oils. These partially 

hydrogenated fats, which improve the taste, texture and shelf-life of processed foods, began to be commonly used in 

the 1950s. They were considered to be a healthy alternative to saturated fats, which were believed to be a major 

etiological factor in arteriosclerosis. However, the good culinary properties of trans fats have been shown to be 

associated with detrimental health effects. They exert a harmful effect on plasma lipid levels and cause inflammation 

and calcification of arterial cells, which are known risk factors of heart disease. The first reports pointing to the 

dangers of trans fats were published in 1957, and these were followed by animal studies in the 1970s. Subsequent 

research was hindered by opposition of the food industry to the funding of research on adverse effects of trans fats. 

Nevertheless, by the 1990s, many studies had established a strong link between the consumption of trans-fatty acids 

and the risk of coronary heart disease and heart attacks. Scientific evidence regarding health harms of artificial trans 

fats, which had been mounting for decades, led the U.S. Food and Drug Administration (FDA) in 2006 to require 

manufacturers to label trans fat contents on packaged foods. In 2013, the FDA made a tentative determination that 

trans fats were no longer “generally recognized as safe” for use in human food. A ban of artificial trans fats in 2015 

requires food manufacturers in the United States to eliminate partially hydrogenated oils from their products by 2018. 

This ban came decades after science had first linked commercially produced trans fats to an increased risk of heart 

disease. The fact that policy lagged decades behind science is likely to have caused large numbers of unnecessary 

deaths resulting from trans fat consumption. This time lag may be attributable to the food industry’s attempts to 

obscure scientific evidence and to the unwillingness of scientists to acknowledge new evidence defying common 

wisdom. A more recent example of the slow pace of progress in the protection of public health relates to efforts to 

reduce the consumption of sodas and other sugary beverages in order to prevent obesity, diabetes, and heart disease.   
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Fred A. Kummerow, a German-born American biochemist 

and an early opponent of artificial trans-fatty acids in the 

food supply, died on May 31st, 2017, aged 102 years [1]. 

The former professor of comparative biosciences at the 

University of Illinois at Urbana-Champaign continued to 

conduct research and publish scientific papers as a 

centenarian. Kummerow’s findings in the 1950s of a role 

of trans fats in arteriosclerosis led him, over a period of 

50 years, to warn against the use of artificial trans fats 

and to push for the banning of these substances. 

Eventually, in 2015, trans fats were declared unsafe by 

the U.S. Food and Drug Administration (FDA), and food 

manufacturers were required to remove partially 

hydrogenated oils, the primary source of artificial trans 

fats, from their products by 2018. This provides an 

example of the difficulty of translating major health-

related scientific findings into political regulation.  
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 In the 1950s, the prevailing view was that saturated 

fats, such as those found in dairy products, were a 

principal factor in the etiology of arteriosclerosis. Fred 

Kummerow questioned this assumption and was one of 

the first scientists to suggest a link between heart 

disease and commercially produced trans-fatty acids in 

processed foods. Artificial trans-fatty acids began to be 

produced at the beginning of the 20th century and 

became ubiquitous in processed foods in the United 

States after World War II. Trans fats are produced by 

adding hydrogen to liquid vegetable oil, which turns it 

into a solid form of fat, such as margarine or shortening. 

Small amounts of trans fatty acids also occur naturally in 

dairy, meat, poultry, and fish. Commercially 

manufactured trans fats are used to improve the taste, 

texture and shelf-life of processed foods, and their 

production is less expensive than that of solid animal 

fats. Processed foods very likely to contain trans fats 

include baked products, e.g. crackers, cookies or cakes, 

and frozen foods such as refrigerated dough or frozen 

pies. Trans fats are also used in restaurant cooking, 

particularly in frying and baking. These fats were long 

believed to provide a healthy alternative to the vilified 

saturated fats. However, a study published by 

Kummerow in 1957 demonstrated the presence of high 

levels of trans-fatty acids in the arteries of humans who 

had died of heart attacks [2]. Animal studies in swine fed 

various fats showed that a diet including margarine 

heavy in trans fats caused markedly more plaque 

deposits in the arteries than diets which had replaced 

margarine with an equal number of calories from butter 

or eggs [3].  

 Kummerow’s research showed that the good culinary 

properties of partially hydrogenated fats are associated 

with detrimental health effects. Trans fats change plasma 

lipid levels in harmful ways and cause inflammation and 

calcification of arterial cells, which are known risk factors 

of heart disease [4]. Thus the sole beneficiary of the use 

of artificially-manufactured trans fats is the food 

industry. Reviews commissioned by the FDA concluded in 

1976 that there was no evidence in the available 

information on artificial trans fats demonstrating 

reasonable grounds to suggest a hazard to the public. 

Since then, vested interests of the food industry have 

sought to influence scientists, practitioners and policy 

makers. Scientists employed by food companies have 

attempted to protect trans fats from the taint of negative 

scientific results and routinely cast doubt on the 

emerging science of health harms associated with trans 

fats. Scientists disagreeing with the industry’s view that 

trans fats cause no harm have been unable to obtain 

research funding and have been derided by their peers 

[1]. While Kummerow’s early research on trans fats was 

widely criticized and dismissed for years, he was able to 

inspire other researchers to include trans fats in the 

Nurses’ Health Study of more than 100,000 women, 

which reported in 1993 that trans-fatty acids caused an 

increase in heart disease [5]. This led to a change in 

scientific and medical thinking about trans fats. In 

addition, artificial trans fats have been implicated in type 

2 diabetes, and a diet low in trans fats was shown to help 

prevent diabetes in women [6]. By the 1990s, an ever-

increasing number of studies revealed that trans-fatty 

acid consumption was a key contributor to the increased 

incidence of heart disease [7–9]. Trans-fatty acids were 

shown to increase low-density lipoprotein cholesterol 

while decreasing high-density lipoprotein cholesterol in 

healthy individuals [10]. Interestingly, this study was 

funded by a company producing margarine free of trans 

fats. In a meta-analysis of four prospective cohort studies 

involving nearly 140,000 subjects, a 2% increase in 

energy intake from trans fatty acids was associated with 

a 23% increase in the incidence of coronary heart disease 

[8]. It was concluded that “on a per calorie basis, trans 

fats appear to increase the risk of coronary heart disease 

more than any other macronutrient, conferring a 

substantially increased risk at low levels of consumption 

(1 to 3 percent of total energy intake)” [8]. 

 By the early 1990s, available evidence was compelling 

enough to cause the urging of the FDA “to eliminate or 

greatly reduce the amount of artificial trans fatty acids in 

the food supply” or to at least require labelling of trans 

fats on foods [11]. It took more than a decade until, in 

2006, the FDA required food manufacturers to identify 

on nutrition labels the amount of trans fats in food 

products. However, products containing less than 0.5 

grams of trans fat per serving were allowed to list zero 

trans fat on package labels. The 2006 regulation, 

together with pressure from health advocates, led to the 

voluntary removal of trans fats by many food companies 

and restaurants from their products [12]. In 2009, 

Kummerow filed a citizen petition with the FDA 

requesting a ban of partially hydrogenated fat from the 

American diet. Having received no response, he sued the 

FDA in 2013, asking that it rule on his petition. In the 

same year, the FDA decided that partially hydrogenated 

oils no longer fall into the “generally recognized as safe” 

category for use in human food, and in 2015 eventually 

announced a ban on trans fats, requiring food 
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manufacturers in the United States to eliminate partially 

hydrogenated oils from their products by 2018 [13]. 

 Recent investigations have provided further evidence 

of the problems related to trans fat consumption. While 

a meta-analysis reviewed the evidence regarding health 

effects of trans fats [14], another study translated these 

findings into effects on population health and health 

inequalities [15]. While saturated fats were not 

associated with all cause mortality, cardiovascular 

disease, coronary heart disease, ischemic stroke, or type 

2 diabetes, trans fats were associated with all cause 

mortality, total coronary heart disease and associated 

mortality [14]. It is important to note that industrial 

trans-fatty acids seem to be positively related to 

coronary heart disease, while ruminant trans fats are not 

[16]. This difference may be due to the fact that natural 

trans fats are metabolized differently from hydrogenated 

trans fats [17]. An epidemiological modelling study in 

England determined health and equity benefits and cost 

effectiveness of policies to reduce or eliminate trans 

fatty acids from processed foods compared with 

consumption remaining at most recent levels [15]. A 

total ban on trans fatty acids in processed foods could 

prevent or postpone around 7,200 deaths (2.6%) from 

coronary heart disease from 2015 to 2020 and reduce 

socioeconomic inequality in mortality from coronary 

heart disease by about 3,000 deaths (15%) [15]. Policies 

to improve labelling or remove trans-fatty acids from 

restaurants or fast food could save 0.7–1.3% of deaths 

from coronary heart disease and reduce inequalities by 

3–7% of deaths [15]. In conclusion, a regulatory policy to 

eliminate trans-fatty acids from processed foods in 

England would be the most effective and equitable policy 

option.  

 A number of U.S. communities have eliminated the 

use of trans fats in restaurants in recent years. A 

retrospective observational pre-post study determined 

whether restrictions in the use of trans-fatty acids in 11 

highly urbanised New York State counties were 

associated with fewer hospital admissions for myocardial 

infarction and stroke compared to 25 New York State 

counties of similar urbanicity without restrictions from 

2002 to 2013 [18]. Three or more years after the 

restrictions were implemented, people living in areas 

with restrictions had significantly fewer hospitalizations 

for heart attack and stroke based on trends in similarly 

urban areas without the restrictions. The decline for the 

combined conditions was 6.2%. Enacting a more 

complete restriction on trans fats, including food sold in 

stores, could lead to more widespread long-term 

benefits. In summary, the New York State populations 

with trans-fatty acid restrictions experienced fewer 

cardiovascular events, beyond temporal trends, 

compared with those without restrictions. These findings 

highlight the impact of public policy on the 

cardiovascular health of a population. 

 Most studies positing an increased risk associated 

with trans-fatty acids recruited patients in previous 

decades when trans-fatty acid levels were higher than 

today. In addition, most studies were conducted in the 

United States, where trans-fatty acid concentrations 

were generally higher than in Europe [19]. In Germany, 

the association of trans-fatty acids with mortality was 

investigated in the Ludwigshafen Risk and Cardiovascular 

Health (LURIC) study [20]. The generally low 

concentrations of total trans-fatty acids were inversely 

associated with mortality due to cardiovascular causes or 

sudden cardiac deaths [20]. While the naturally occurring 

ruminant-derived trans-palmitoleic acid was associated 

with reduced risk, no increased risk was found for 

industrially produced trans-fatty acids [20]. It needs to be 

pointed out that the higher concentrations of trans-fatty 

acids in the LURIC study were low compared to those 

reported in the United States at a similar time period 

[20,21]. Another study reported that the average trans 

fat intake in Germany was 2.4 g per day, which is below 

1% of total energy intake, and that 79% of trans fat 

intake was derived from milk and ruminant fats [22]. The 

results of the LURIC study may suggest that measures to 

further decrease trans-fatty acids in foods in Germany 

are not required. Trans-fatty acid concentrations in food 

products have significantly declined in most 

industrialized countries in recent decades [23,24]. 

However, the decline has been smaller in Eastern Europe 

[25] and high trans fat concentrations are found in 

several developing countries [26]. Furthermore, many 

food products labelled as trans fat free continue to 

contain significant amounts of trans fatty acids [27]. 

Strategies encouraging voluntary reduction of industrially 

produced trans fats in foods containing high amounts 

appear to have been ineffective in several European 

countries, and alternative approaches are necessary to 

protect all population subgroups from an increased risk 

of coronary heart disease [28]. 

 The picture of an ever-increasing body of research 

demonstrating health hazards of artificial trans-fatty 

acids and the ensuing slow-moving progress of policies 

attempting to protect the public spans about half a 

century. The substantial time lag between scientific 

investigations demonstrating, between 1957 and 1993, 
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severe adverse health effects of trans fats and revisions 

in standards from 2006 to 2015 is an example of the 

persistence needed to translate health-related scientific 

evidence into meaningful political action. The fact that 

policy lagged decades behind science is likely to have 

caused thousands of unnecessary deaths related to trans 

fat consumption. The substantial time lag may be 

attributable partly to the food industry’s attempts to 

obscure scientific evidence and partly to a scientific 

community that had been committed to campaigns 

against saturated fat and was not prepared to abandon a 

cherished theory and to accept new evidence. The 

degree to which government intervention is justified in 

the elimination of hazardous food ingredients when, for 

example, trans-fatty acid amounts in processed food are 

generally low in certain countries and do not appear to 

pose a threat to public health is open to discussion. 

However, there is a reasonable public demand for 

transparent food labeling disclosing all ingredients in 

plain language and bold print, not requiring food 

shoppers to use magnifying glasses while checking lists of 

cryptically described ingredients. Transparency in food 

labeling will enable the critical and responsible public to 

make informed shopping decisions.  

 Similar stories of the frustratingly slow pace of policy 

changes seeking to protect public health can be related 

in the context of tobacco and, more recently, sodas and 

other sugary beverages. Sugary drinks, which are made 

from water, high-fructose corn syrup, and flavoring, have 

no nutritional value. Their intake has been rising over 

recent decades and contributes to increased calorie 

intake and weight gain. Soda consumption has been 

shown to increase the risk of obesity [29,30], type 2 

diabetes [31] and heart disease [32]. The first line of 

defense against any of these conditions is to stop 

drinking carbonated sugar waters. However, as was the 

case with processed foods containing trans fats, soda 

manufacturers use their lobbying and marketing power 

to conceal the adverse health effects of their products. 

Measures suggested to reduce soda consumption include 

government health warnings, taxation, and limits on 

advertising [33]. Opponents of sodas attempting to 

influence public health policies should remember the 

trans fat tale and prepare to face the same obstacles 

encountered by their predecessors. 
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