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The ingredients in shampoos and other cosmetic products have become 
scrutinized by the general public and the Internet has contributed to mis-
information about certain shampoos. Dermatologists must be prepared 
to acknowledge the concerns that their patients have about common 
shampoo ingredients to dispel the myths that may misinform patient 
decision-making. This article reviews the controversy surrounding the 
use of sulfates and parabens in shampoos, as well as commonly used 
shampoo alternatives, often called the “no-poo” method.

Cutis. 2018;101:22-26.

Shampoo is a staple in hair grooming that is ever-
evolving along with cultural trends. The global 
shampoo market is expected to reach an estimated 

value of $25.73 billion by 2019. A major driver of this 
upward trend in market growth is the increasing demand 
for natural and organic hair shampoos.1 Society today has 

a growing fixation on healthy living practices, and as of 
late, the ingredients in shampoos and other cosmetic prod-
ucts have become one of the latest targets in the health- 
consciousness craze. In the age of the Internet where  
information—and misinformation—is widely accessible 
and dispersed, the general public often strives to self- 
educate on specialized matters that are out of their exper-
tise. As a result, individuals have developed an aversion to 
using certain shampoos out of fear that the ingredients, 
often referred to as “chemicals” by patients due to their 
complex names, are unnatural and therefore unhealthy.1,2 
Product developers are working to meet the demand by 
reformulating shampoos with labels that indicate sulfate 
free or paraben free, despite the lack of proof that these for-
mulations are an improvement over traditional approaches 
to hair health. Additionally, alternative methods of cleans-
ing the hair and scalp, also known as the no-shampoo or 
“no-poo” method, have begun to gain popularity.2,3 

It is essential that dermatologists acknowledge the concerns 
that their patients have about common shampoo ingredients to 
dispel the myths that may misinform patient decision-making. 
This article reviews the controversy surrounding the use of 
sulfates and parabens in shampoos as well as commonly used 
shampoo alternatives. Due to the increased prevalence of dry 
hair shafts in the skin of color population, especially black 
women, this group is particularly interested in products that 
will minimize breakage and dryness of the hair. To that end, 
this population has great interest in the removal of chemical 
ingredients that may cause damage to the hair shafts, despite 
the lack of data to support sulfates and paraben damage to 
hair shafts or scalp skin. Blogs and uninformed hairstylists 
may propagate these beliefs in a group of consumers who are 
desperate for new approaches to hair fragility and breakage.
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IN COLLABORATION WITH THE SKIN OF COLOR SOCIETY

Surfactants and Sulfates
The cleansing ability of a shampoo depends on the surface 
activity of its detergents. Surface-active ingredients, or 
surfactants, reduce the surface tension between water and 
dirt, thus facilitating the removal of environmental dirt 
from the hair and scalp,4 which is achieved by a molecular 
structure containing both a hydrophilic and a lipophilic 
group. Sebum and dirt are bound by the lipophilic ends of 
the surfactant, becoming the center of a micelle structure 
with the hydrophilic molecule ends pointing outward. Dirt 
particles become water soluble and are removed from the 
scalp and hair shaft upon rinsing with water.4 

Surfactants are classified according to the electric 
charge of the hydrophilic polar group as either anionic, 
cationic, amphoteric (zwitterionic), or nonionic.5 Each pos-
sesses different hair conditioning and cleansing qualities, 
and multiple surfactants are used in shampoos in differing 
ratios to accommodate different hair types. In most sham-
poos, the base consists of anionic and amphoteric sur-
factants. Depending on individual product requirements, 
nonionic and cationic surfactants are used to either modify 
the effects of the surfactants or as conditioning agents.4,5 

One subcategory of surfactants that receives much 
attention is the group of anionic surfactants known as 
sulfates. Sulfates, particularly sodium lauryl sulfate (SLS), 
recently have developed a negative reputation as cosmetic 
ingredients, as reports from various unscientific sources 
have labeled them as hazardous to one’s health; SLS has 
been described as a skin and scalp irritant, has been linked 
to cataract formation, and has even been wrongly labeled as 
carcinogenic.6 The origins of some of these claims are not 
clear, though they likely arose from the misinterpretation of 
complex scientific studies that are easily accessible to lay-
people. The link between SLS and ocular irritation or cata-
ract formation is a good illustration of this unsubstantiated 
fear. A study by Green et al7 showed that corneal exposure 
to extremely high concentrations of SLS following physical 
or chemical damage to the eye can result in a slowed healing 
process. The results of this study have since been wrongly 
quoted to state that SLS-containing products lead to blind-
ness or severe corneal damage.8 A different study tested for 
possible ocular irritation in vivo by submerging the lens of an 
eye into a 20% SLS solution, which accurately approximates 
the concentration of SLS in rinse-off consumer products.9 
However, to achieve ocular irritation, the eyes of laboratory 
animals were exposed to SLS constantly for 14 days, which 
would not occur in practical use.9 Similarly, a third study 
achieved cataract formation in a laboratory only by immers-
ing the lens of an eye into a highly concentrated solution of 
SLS.10 Such studies are not appropriate representations of 
how SLS-containing products are used by consumers and 
have unfortunately been vulnerable to misinterpretation by 
the general public. 

There is no known study that has shown SLS to be 
carcinogenic. One possible origin of this idea may be 
from the wrongful interpretation of studies that used SLS 
as a vehicle substance to test agents that were deemed 

to be carcinogenic.11 Another possible source of the idea 
that SLS is carcinogenic comes from its association with 
1,4-dioxane, a by-product of the synthesis of certain 
sulfates such as sodium laureth sulfate due to a pro-
cess known as ethoxylation.6,12 Although SLS does not 
undergo this process in its formation and is not linked 
to 1,4-dioxane, there is potential for cross-contamination 
of SLS with 1,4-dioxane, which cannot be overlooked. 
1,4-Dioxane is classified as “possibly carcinogenic to 
humans (Group 2B)” by the International Agency for 
Research on Cancer,13 but screening of SLS for this sub-
stance prior to its use in commercial products is standard.

Sulfates are inexpensive detergents that are responsible for 
lather formation in shampoos as well as in many household 
cleaning agents.5 Sulfates, similar to all anionic surfactants, 
are characterized by a negatively charged hydrophilic polar 
group. The best-known and most commonly used anionic 
surfactants are sulfated fatty alcohols, alkyl sulfates, and their 
polyethoxylated analogues alkyl ether sulfates.5,6 Sodium 
lauryl sulfate (also known as sodium laurilsulfate or sodium 
dodecyl sulfate) is the most common of them all, found in 
shampoo and conditioner formulations. Ammonium lauryl 
sulfate and sodium laureth sulfate are other sulfates com-
monly used in shampoos and household cleansing products. 
Sodium lauryl sulfate is a nonvolatile, water-soluble com-
pound. Its partition coefficient (P0), a measure of a substance’s 
hydrophilic or lipophilic nature, is low at 1.6, making it a 
rather hydrophilic substance.6 Hydrophilic substances tend to 
have low bioaccumulation profiles in the body. Additionally, 
SLS is readily biodegradable. It can be derived from both 
synthetic and naturally occurring sources; for example, palm 
kernel oil, petrolatum, and coconut oil are all sources of 
lauric acid, the starting ingredient used to synthesize SLS. 
Sodium lauryl sulfate is created by reacting lauryl alcohol with 
sulfur trioxide gas, followed by neutralization with sodium 
carbonate (also a naturally occurring compound).6 Sodium 
lauryl sulfate and other sulfate-containing shampoos widely 
replaced the usage of traditional soaps formulated from 
animal or vegetable fats, as these latter formations created 
a film of insoluble calcium salts on the hair strands upon 
contact with water, resulting in tangled, dull-appearing hair.5 
Additionally, sulfates were preferred to the alkaline pH of  
traditional soap, which can be harsh on hair strands and cause 
irritation of the skin and mucous membranes.14 Because they 
are highly water soluble, sulfates enable the formulation of 
clear shampoos. They exhibit remarkable cleaning properties 
and lather formation.5,14

Because sulfates are potent surfactants, they can remove 
dirt and debris as well as naturally produced healthy oils 
from the hair and scalp. As a result, sulfates can leave the 
hair feeling dry and stripped of moisture.4,5 Sulfates are 
used as the primary detergents in the formulation of deep-
cleaning shampoos, which are designed for people who 
accumulate a heavy buildup of dirt, sebum, and debris from 
frequent use of styling products. Due to their potent deter-
gency, these shampoos typically are not used on a daily 
basis but rather at longer intervals.15 A downside to sulfates 
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is that they can have cosmetically unpleasant properties, 
which can be compensated for by including appropriate 
softening additives in shampoo formulations.4 A num-
ber of anionic surfactants such as olefin sulfonate, alkyl  
sulfosuccinate, acyl peptides, and alkyl ether carboxylates 
are well tolerated by the skin and are used together with 
other anionic and amphoteric surfactants to optimize 
shampoo properties. Alternatively, sulfate-free shampoos 
are cleansers compounded by the removal of the anionic 
group and switched for surfactants with less detergency.4,5

Preservatives and Parabens
Parabens refer to a group of esters of 4-hydroxybenzoic acid 
commonly used as preservatives in foods, pharmaceuticals, 
and cosmetics whose widespread use dates back to 1923.16 
Concerns over the presence of parabens in shampoos 
and other cosmetics have been raised by patients for their 
reputed estrogenic and antiandrogenic effects and sus-
pected involvement in carcinogenesis via endocrine modu-
lation.16,17 In in vitro studies done on yeast assays, parabens 
have shown weak estrogenic activity that increases in 
proportion to both the length and increased branching of 
the alkyl side chains in the paraben’s molecular structure.18 
They are 10,000-fold less potent than 17β-estradiol. In  
in vivo animal studies, parabens show weak estrogenic  
activity and are 100,000-fold less potent than 17β-estradiol.18 
4-Hydroxybenzoic acid, a common metabolite, showed no 
estrogenic activity when tested both in vitro and in vivo.19 
Some concerning research has implicated a link between 
parabens used in underarm cosmetics, such as deodor-
ants and antiperspirants, and breast cancer16; however, 
the studies have been conflicting, and there is simply not 
enough data to assert that parabens cause breast cancer.

The Cosmetic Ingredient Review expert panel first 
reviewed parabens in 1984 and concluded that “methyl-
paraben, ethylparaben, propylparaben, and butylparaben 
are safe as cosmetic ingredients in the present practices of 
use.”20 They extended this statement to include isopropyl-
paraben and isobutylparaben in a later review.21 In 2005, 
the Scientific Committee on Consumer Products (now 
known as the Scientific Committee for Consumer Safety) 
in Europe stated that methylparaben and ethylparaben can 
be used at levels up to 0.4% in products.22 This decision 
was reached due to reports of decreased sperm counts 
and testosterone levels in male juvenile rats exposed to 
these parabens; however, these reults were not success-
fully replicated in larger studies.16,22 In 2010, the Scientific 
Committee for Consumer Safety revisited its stance on 
parabens, and they then revised their recommendations to 
say that concentrations of propylparaben and butylparaben 
should not exceed concentrations of 0.19%, based on “the 
conservative choice for the calculation of the [Margin-
of-Safety] of butyl- and propylparaben.”23 However, in 
2011 the use of propylparaben and butylparaben was 
banned in Denmark for cosmetic products used in chil-
dren 3 years or younger,16 and the European Commission 
subsequently amended their directive in 2014, banning 

isopropylparaben, isobutylparaben, phenylparaben, ben-
zylparaben, and pentylparaben due to lack of data available 
to evaluate the human risk of these products.24

Contrary to the trends in Europe, there currently are 
no regulations against the use of parabens in shampoos or 
other cosmetics in the United States. The American Cancer 
Society found that there is no evidence to suggest that the 
current levels of parabens in cosmetic products (eg, anti-
perspirants) increase one’s risk of breast cancer.25 Parabens 
are readily absorbed into the body both transdermally and 
through ingestion but also are believed to be rapidly trans-
formed into harmless and nonspecific metabolites; they are 
readily metabolized by the liver and excreted in urine, and 
there is no measured accumulation in tissues.17

Parabens continue to be the most widely used preser-
vatives in personal care products, usually in conjunction 
with other preservatives. Parabens are good biocides; 
short-chain esters (eg, methylparabens, ethylparabens) 
are effective against gram-positive bacteria and are weakly 
effective against gram-negative bacteria. Long-chain para-
ben esters (eg, propylparabens, butylparabens) are effective 
against mold and yeast. The addition of other preserva-
tives creates a broad spectrum of antimicrobial defense in 
consumer products. Other preservatives include formal-
dehyde releasers or phenoxyethanol, as well as chelating 
agents such as EDTA, which improve the stability of these 
cosmetic products when exposed to air.16 Parabens are nat-
urally occurring substances found in foods such as blue-
berries, barley, strawberries, yeast, olives, and grapes. As 
a colorless, odorless, and inexpensive substance, their use 
has been heavily favored in cosmetic and food products.16

Shampoo Alternatives and the No-Poo Method
Although research has not demonstrated any long-term 
danger to using shampoo, certain chemicals found in sham-
poos have the potential to irritate the scalp. Commonly 
cited allergens in shampoos include cocamidopropyl 
betaine, propylene glycol, vitamin E (tocopherol), para-
bens, and benzophenones.5 Additionally, the rising use of  
formaldehyde-releasing preservatives and isothiazolinones 
due to mounting pressures to move away from parabens 
has led to an increase in cases of allergic contact dermatitis 
(ACD).16 However, the irritability (rather than allergenicity) 
of these substances often is established during patch testing, 
a method of detecting delayed-type allergic reactions, which 
is important to note because patch testing requires a sub-
stance to be exposed to the skin for 24 to 48 hours, whereas 
exposure to shampoo ingredients may last a matter of 
minutes at most and occur in lesser concentrations because 
the ingredients are diluted by water in the rinsing process. 
Given these differences, it is unlikely that a patient would 
develop a true allergic response from regular shampoo use. 
Nevertheless, in patients who are already sensitized, expo-
sure could conceivably trigger ACD, and patients must be 
cognizant of the composition of their shampoos.16

The no-poo method refers to the avoidance of com-
mercial shampoo products when cleansing the hair and 
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scalp and encompasses different methods of cleansing the 
hair, such as the use of household items (eg, baking soda, 
apple cider vinegar [ACV]), the use of conditioners to wash 
the hair (also known as conditioner-only washing or co-
washing), treating the scalp with tea tree oil, or simply rins-
ing the hair with water. Proponents of the no-poo method 
believe that abstaining from shampoo use leads to healthier 
hair, retained natural oils, and less exposure to supposedly 
dangerous chemicals such as parabens or sulfates.2,3,26-28 
However, there are no known studies in the literature that 
assess or support the hypotheses of the no-poo method.

Baking Soda and ACV—Baking soda (sodium bicarbon-
ate) is a substance commonly found in the average house-
hold. It has been used in toothpaste formulas and cosmetic 
products and is known for its acid-neutralizing properties. 
Baking soda has been shown to have some antifungal and 
viricidal properties through an unknown mechanism of 
action.28 It has gained popularity for its use as a means of 
reducing the appearance of excessive greasiness of the hair 
shafts. Users also have reported that when washing their 
hair with baking soda, they are able to achieve a clean scalp 
and hair that feels soft to the touch.2,3,26,27,29 Despite these 
reports, users must beware of using baking soda without 
adequately diluting it with water. Baking soda is a known 
alkaline irritant.26,30 With a pH of 9, baking soda causes 
the cuticle layer of the hair fiber to open, increasing the 
capacity for water absorption. Water penetrates the scales 
that open, breaking the hydrogen bonds of the keratin 
molecule.31 Keratin is a spiral helical molecule that keeps 
its shape due to hydrogen, disulfide, and ionic bonds, as 
well as Van der Waals force.30 Hydrolysis of these bonds 
due to exposure to baking soda lowers the elasticity of the 
hair and increases the negative electrical net charge of the 
hair fiber surface, which leads to increased friction between 
fibers, cuticle damage, hair fragility, and fiber breakage.32,33

Apple cider vinegar is an apple-derived acetic acid 
solution with a pH ranging from 3.1 to 5.28 The pH range 
of ACV is considered to be ideal for hair by no-poo pro-
ponents, as it is similar to the natural pH of the scalp. Its 
acidic properties are responsible for its antimicrobial abili-
ties, particularly its effectiveness against gram-negative 
bacteria.30 The acetic acid of ACV can partially interrupt oil 
interfaces, which contributes to its mild ability to remove 
product residue and scalp buildup from the hair shaft; 
the acetic acid also tightens the cuticles on hair fibers.33 
Apple cider vinegar is used as a means of cleansing the 
hair and scalp by no-poo proponents2,3,26; other uses for 
ACV include using it as a rinse following washing and/or 
conditioning of the hair or as a means of preserving color 
in color-treated hair. There also is evidence that ACV may 
have antifungal properties.28 However, consumers must 
be aware that if it is not diluted in water, ACV may be too 
caustic for direct application to the hair and may lead to 
damage; it can be irritating to eyes, mucus membranes, and 
acutely inflamed skin. Also, vinegar rinses used on pro-
cessed or chemically damaged hair may lead to increased 
hair fragility.2,3 

Hair fibers have a pH of 3.67, while the scalp has a 
pH between 4.5 and 6.2. This slightly acidic film acts as a 
barrier to viruses, bacteria, and other potential contami-
nants.33 Studies have shown that the pH of skin increases 
in proportion to the pH of the cleanser used.34 Therefore, 
due to the naturally acidic pH of the scalp, acid-balanced 
shampoos generally are recommended. Shampoos should 
not have a pH higher than 5.5, as hair shafts can swell due 
to alkalinization, which can be prevented by pH balancing 
the shampoo through the addition of an acidic substance 
(eg, glycolic acid, citric acid) to lower the pH down to 
approximately 5.5. Apple cider vinegar often is used for 
this purpose. However, one study revealed that 82% of 
shampoos already have an acidic pH.34 

Conditioner-Only Washing (Co-washing)—Conditioner-
only washing, or co-washing, is a widely practiced method 
of hair grooming. It is popular among individuals who 
find that commercial shampoos strip too much of the 
natural hair oils away, leaving the hair rough or unman-
ageable. Co-washing is not harmful to the hair; however, 
the molecular structure and function of a conditioner and 
that of a shampoo are very different.5,35,36 Conditioners 
are not formulated to remove dirt and buildup in the hair 
but rather to add substances to the hair, and thus cannot 
provide extensive cleansing of the hair and scalp; therefore, 
it is inappropriate to use co-washing as a replacement 
for shampooing. Quaternary conditioning agents are an 
exception because they contain amphoteric detergents 
comprised of both anionic and cationic groups, which 
allow them both the ability to remove dirt and sebum with 
its anionic group, typically found in shampoos, as well as 
the ability to coat and condition the hair due to the high 
affinity of the cationic group for the negatively charged hair 
fibers.36,37 Amphoteric detergents are commonly found in 
2-in-1 conditioning cleansers, among other ingredients, 
such as hydrolyzed animal proteins that temporarily plug 
surface defects on the hair fiber, and dimethicone, a syn-
thetic oil that creates a thin film over the hair shaft, increas-
ing shine and manageability. Of note, these conditioning 
shampoos are ideal for individuals with minimal product 
buildup on the hair and scalp and are not adequate scalp 
cleansers for individuals who either wash their hair infre-
quently or who regularly use hairstyling products.36,37 

Tea Tree Oil—Tea tree oil is an essential oil extracted 
from the Melaleuca alternifolia plant of the Myrtaceae fam-
ily. It is native to the coast of northeastern Australia. A holy 
grail of natural cosmetics, tea tree oil is widely known for its 
antiviral, antifungal, and antiseptic properties.38 Although 
not used as a stand-alone cleanser, it is often added to a 
number of cosmetic products, including shampoos and 
co-washes. Although deemed safe for topical use, it has 
been shown to be quite toxic when ingested. Symptoms 
of ingestion include nausea, vomiting, hallucinations, and 
coma. The common concern with tea tree oil is its ability 
to cause ACD. In particular, it is believed that the oxidation 
products of tea tree oil are allergenic rather than the tea tree 
oil itself. The evaluation of tea tree oil as a potential contact 
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allergen has been quite difficult; it consists of more than 
100 distinct compounds and is often mislabeled, or does 
not meet the guidelines of the International Organization 
for Standardization. Nonetheless, the prevalence of ACD 
due to tea tree oil is low (approximately 1.4%). Despite its 
low prevalence, tea tree oil should remain in the differential 
as an ACD-inducing agent. Patch testing with the patient’s 
supply of tea tree oil is advised when possible.38 

Conclusion
It is customary that the ingredients used in shampoos 
undergo periodic testing and monitoring to assure the 
safety of their use. Although it is encouraging that patients 
are proactive in their efforts to stay abreast of the literature, 
it is still important that cosmetic scientists, dermatologists, 
and other experts remain at the forefront of educating the 
public about these substances. Not doing so can result in 
the propagation of misinformation and unnecessary fears, 
which can lead to the adaptation of unhygienic or even 
unsafe hair care practices. As dermatologists, we must 
ensure that patients are educated about the benefits and 
hazards of off-label use of household ingredients to the 
extent that evidence-based medicine permits. Patients must 
be informed that not all synthetic substances are harmful, 
and likewise not all naturally occurring substances are safe.

REFERENCES
  1.  The global shampoo market 2014-2019 trends, forecast, and opportunity 

analysis [press release]. New York, NY: Reportlinker; May 21, 2015.
  2.  Is the ‘no shampoo’ trend healthy or harmful? Mercola website. Published 

January 16, 2016. Accessed December 8, 2017.
  3.  Feltman R. The science (or lack thereof) behind the ‘no-poo’ hair trend. 

Washington Post. March 10, 2016. https://www.washingtonpost.com/news 
/speaking-of-science/wp/2016/03/10/the-science-or-lack-thereof-behind-the 
-no-poo-hair-trend/?utm_term=.9a61edf3fd5a. Accessed December 11, 2017.

  4.  Bouillon C. Shampoos. Clin Dermatol. 1996;14:113-121.
  5.  Trueb RM. Shampoos: ingredients, efficacy, and adverse effects. J Dtsch 

Dermatol Ges. 2007;5:356-365.
  6.  Bondi CA, Marks JL, Wroblewski LB, et al. Human and environmental 

toxicity of sodium lauryl sulfate (SLS): evidence for safe use in household 
cleaning products. Environ Health Insights. 2015;9:27-32.

  7.  Green K, Johnson RE, Chapman JM, et al. Preservative effects on the heal-
ing rate of rabbit corneal epithelium. Lens Eye Toxic Res. 1989;6:37-41.

  8.  Sodium lauryl sulphate. Healthy Choices website. http://www 
.healthychoices.co.uk/sls.html. Accessed December 8, 2017.
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