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Abstract
Marijuana use has become prevalent worldwide, especially amongst men and women of reproductive age. Marijuana acts on 
Cannabinoid receptors, which are a part of the Endocannabinoid system. CB1 and CB2 receptors are most found in humans. 
Activation of Cannabinoid receptors in males cause a reduction in healthy sperm parameters and inhibits the acrosomal reaction, 
and therefore minimizes fertility potential. Researchers have not yet discovered any significant interactions between marijuana 
and the female reproductive system. There has also been limited evidence displaying the effects that marijuana has on pregnancy 
and breastfeeding of infants. Nevertheless, physicians have recommended against marijuana use while trying to conceive and 
while pregnant. Researchers continue to search for evidence linking the adverse effects that marijuana has on the female repro-
ductive system and on the offspring of chronic marijuana users. 

How does Marijuana Affect Reproductive Health?
Miriam Blatner
Miriam Blatner will graduate in September 2024 with a Bachelor of Science degree in Honors Biology.

Introduction
Approximately 1 in 6 couples globally have trouble con-
ceiving. In recent years, researchers have discovered that 
unhealthy lifestyle factors can contribute to fertility issues. 
Alcohol and tobacco use have been widely studied and 
it has been proved that excessive consumption causes 
a moderate reduction in healthy sperm parameters (Joo 
et al, 2012). The recent legislative changes have brought 
a new focus on the role of marijuana and fertility poten-
tial. Marijuana is one of the most used drugs worldwide, 
due to its recent increased availability. Use is especially 
prevalent amongst men and women of reproductive age. 
Research shows that marijuana use adversely affects both 
male and female reproductive health. Additionally, there 
is limited evidence associating marijuana use during preg-
nancy and increased risk for preterm birth and small for 
gestational age infants. The purpose in this review is to 
analyze the effects that marijuana has on both male and 
female reproductive systems, as well as pregnancy out-
comes amongst marijuana users.

Methods
Data was retrieved from PubMed and other sources, such 
as ProQuest and NIH, with access granted through Touro 
University Library. This comprehensive review and criti-
cal analysis on marijuana and how it affects reproductive 
health is based on the interpretation of various medical 
research papers. Key words used to retrieve data were 
“marijuana and reproductive health, “cannabis and repro-
ductive health”, “drug use”, “male infertility” and “marijua-
na and pregnancy”.

Discussion 
Effects of Marijuana Use on Male Fertility
Marijuana is a product of the dried leaves and flowers of 
the plant Cannabis sativa.  Marijuana contains several can-
nabinoids, such as cannabidiol and cannabinol, but the main 
psychoactive compound is called tetrahydrocannabinol 
(THC), with delta 9-tetrahydrocannabinol being the most 
active isomer. Upon consumption, it acts via release of can-
nabinoid compounds which bond to cannabinoid recep-
tors, part of the endocannabinoid system (ECS). Numerous 

biological roles have been linked to the ECS, including in-
flammation reduction and post synaptic signaling. Studies 
have shown linkage to the ECS and functions of male 
reproduction. Cannabinoids are found in two categories, 
exogenous and endogenous. Endogenous cannabinoids are 
synthesized by various tissues in the human body, while 
exogenous cannabinoids, like THC, are plant based.

There are four endogenous substances character-
ized as endocannabinoids: N-arachidonoylethanolamine 
(AEA), 2-arachidonoylglycerol (2-AG), 2- arachidonoyl-
glycerol ether, and virodhamine. AEA and 2-AG have been 
the most studied. They act on the cannabinoid receptors, 
CB1 and CB2, and perform biologically similar actions as 
THC (Du Plessis et al, 2015).

CB1 and CB2 are both G-coupled receptor proteins 
(GCPRs) (Howlett et al, 2002). CB1 is found mainly in 
the central nervous system (CNS) and have been found 
on the acrosomal region, midpiece and tail of spermato-
zoa (Cacciola et al, 2008). In the brain, they are found in 
the preoptic area of the hypothalamus, which stimulates 
the release of luteinizing hormone releasing hormone 
(LHRH). CB2 receptors are mainly linked to the immune 
system and cells within the peripheral nervous system but 
have also been found on Sertoli cells and in the post ac-
rosomal region of spermatozoa (Agirregoita et al, 2010).

The Endocannabinoid System and the 
Hypothalamic-Pituitary-Gonadal-Axis
The hypothalamus-pituitary-gonadal axis is a major com-
ponent in maintaining the reproductive functions in both 
males and females. In males, Gonadotropin-releasing hor-
mone (GnRH) is released by the hypothalamus and stimu-
lates the adenohypophysis to secrete two hormones, fol-
licle stimulating hormone (FSH) and luteinizing hormone 
(LH). FSH stimulates Sertoli cells, which are involved in 
spermatogenesis, while LH stimulates Leydig cells to re-
lease testosterone. 

The endocannabinoid system and hypothalamus-pitu-
itary- gonadal axis are closely linked, due to the presence 
of CB1 and CB2 receptors found throughout the axis. 
Activation of these receptors, whether by endogenous 
endocannabinoids such as AEA or 2-AG, or exogenous 
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cannabis consumption, negatively affects the functioning 
of the hypothalamus-pituitary-gonadal axis. In the ade-
nohypophysis, CB1 receptor activation leads to the in-
hibition of spontaneous release of gamma aminobutyric 
acid (GABA). Post synaptic GABA receptors, located 
on GnRH neurons are not activated, and consequently, 
GnRH is not released. Additionally, when the CB1 recep-
tors located in the preoptic nucleus of the hypothalamus 
are activated, serum LH levels decrease. CB1 receptor 
expression is more prominent in males, making them 
more sensitive to cannabinoid induced changes.

CB1 receptor activation on spermatozoa causes a 
decrease in motility and viability. Additionally, it inhibits 
the acrosomal reaction. CB2 receptor activation has also 
been linked to decreased motility. A decrease in sperm 
concentrations have been found in both humans and an-
imals who are regularly exposed to cannabis (Du Plessis 
et al, 2015).

A cross-sectional study analyzed semen samples of 229 
men ages 23-72. Forty seven percent of the group admit-
ted to chronic marijuana use, and 21% reported recent 
use. Regression analysis showed that frequent and recent 
users were 2.6-4.3 times more likely to have sperm with 
abnormal morphology and motility parameters (Carrol et 
al, 2019). A second study assessed both urine and semen 
from 62 participants. The study found 25% of the urine 
samples contained THC, the active compound found in 
marijuana. Semen analysis performed on the THC pos-
itive samples showed a large percentage of sperm with 
abnormal morphology. A third study performed a labo-
ratory analysis on morphology and spontaneous acroso-
mal reactions after exposing 78 healthy sperm samples 
to THC. The researchers conducting the study separated 
the sperm into subgroups by the sperm fertilizing poten-
tial, 90% potential and 45% potential. The samples were 
incubated with recreational doses of THC for 3 hours. 
The acrosome reaction was artificially induced in vitro 
by incubating the sperm with a Ca2+/ H+ ionophore. A 
moderate decrease of normal morphology and sponta-
neous acrosomal reaction was found in the 90% potential 
group. In the 45% group, THC caused a significant decline 
in normal morphology and spontaneous acrosomal reac-
tion (Whan et al, 2004). 

Implications for Further Research
The studies performed highlight the effects that marijua-
na consumption has on sperm parameters. THC directly 
affects sperm parameters, likely by activating CB1 and 
CB2 receptors which negatively affect the function of the 
hypothalamic- pituitary-gonadal- axis and the function 
of the sperm itself. However, some of the studies were 

performed on small groups and were not controlled 
trials. More extensive research, such as expanded, con-
trolled trials would be stronger evidence.

The Female Reproductive System
In contrast to males, where spermatogenesis only begins 
at puberty, formation of gametes in the ovaries begins 
in females before they are born. During early fetal de-
velopment, primordial germ cells migrate from the yolk 
sac to the ovaries where they differentiate into oogonia. 
Oogonia are diploid stem cells which divide mitotically to 
produce millions of germ cells. Even before birth, many 
oogonia degenerate, while the remaining oogonia devel-
op into primary oocytes which complete prophase of 
meiosis I. During the reproductive years, some will com-
plete meiosis to form a haploid oocyte. In the interim, 
the primary oocyte is surrounded by follicular cells in 
a primordial follicle. Beginning at puberty, the menstrual 
cycle occurs each month, in which one oocyte completes 
meiosis, matures within its follicle, and gets released into 
the fallopian tubes. The menstrual cycle has two aspects, 
the ovarian cycle, and the uterine cycle (Tortora and 
Derrickson, 2017)

The Ovarian Cycle
At the beginning of the month, the hypothalamus releases 
GnRH. GnRH stimulates the release of FSH by the adeno-
hypophysis. FSH stimulates follicular growth in the ovary. 
As the follicle reaches maturation, it releases estrogen. 
When maturation is reached, estrogen reaches peak lev-
els, initiating a feedback response inhibiting the release of 
FSH. Peak levels also trigger a surge in LH to be released 
from the adenohypophysis. The LH surge causes the ma-
ture follicle to release an oocyte into the fallopian tubes. 
The remaining follicular tissue becomes a corpus luteum, 
which secretes estrogens and progesterone (Tortora and 
Derrickson, 2017).

The Uterine Cycle
The uterus closely parallels the events occurring in the 
ovaries. 

The inner lining of the uterus, the endometrium, also 
undergoes cyclic events every month. Menses marks the 
beginning of the cycle, when levels of progesterone be-
come insufficient, and the endometrial tissue sloughs off. 
As estrogen levels increase due to follicular activity, the 
proliferative phase begins, and the uterine epithelium is re-
stored. Around the time of ovulation, the secretory phase 
begins. Endometrial glands increase secretions, and the 
endometrium reaches maximum thickness and maturity. If 
fertilization occurs and the embryo successfully implants in 
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the uterine wall, Human Chorionic Gonadotropin (hCG) 
hormone is released. HCG signals the corpus luteum to 
continuously release progesterone, which maintains the 
endometrial lining and the pregnancy, until the placenta 
forms and takes over progesterone secretion. If fertilization 
does not occur, the corpus luteum aborts progesterone 
secretion about 14 days post ovulation. Progesterone with-
drawal stimulates menses, and the cycle restarts (Tortora 
and Derrickson, 2017)

Marijuana’s effect on the Menstrual Cycle
Endocannabinoid receptors are found throughout the 
female reproductive tract, including the ovaries, fallopian 
tubes, myometrium, and endometrium, and throughout 
the hypothalamus. Activation of these receptors may 
cause disruption of the menstrual cycle and implantation. 
One of the mechanisms in which marijuana disrupts the 
menstrual cycle is by suppressing GnRH from the hypo-
thalamus. GnRH suppression prevents the secretion of 
cyclical female hormones which regulate the menstrual 
cycle.  Several animal studies have suggested that mari-
juana use causes prolonged and anovulatory menstrual 
cycles which decrease fertility potential (Brents, 2016).

Studies were conducted on rhesus monkeys since their 

reproductive cycle closely mimics the human female re-
productive cycle. Rhesus monkeys’ menstrual cycles are 
also 28 days long and are regulated by mechanisms similar 
to humans. Two studies analyzed the effects of daily THC 
exposure on menstrual cycle length and ovulation. Daily 
THC injections during the follicular phase caused lengthy 
and anovulatory cycles. THC injections during the luteal 
phase did not have any profound effects on the menstrual 
cycle. (Asch et al., 1981). A study performed on ovariecto-
mized female rhesus monkeys found decreases in serum 
LH and FSH levels shortly after marijuana administration. 
A final study analyzed female rhesus monkeys who were 
given marijuana 3 times per week beginning on cycle day 
1 for about 230 days or until at least two anovulatory 
cycles occurred. Results showed decreased serum LH, 
estrogen, and prolactin levels for greater than 100 days 
since treatment began (Smith et al., 1979).  However, 
two studies from the 1980s examined a small group of 
self-reported human marijuana smokers during the fol-
licular phase of the menstrual cycle and found no signifi-
cant changes to their hormones (Mendelson et al., 1985) 
Another human study performed on marijuana users 
during the luteal phase resulted in a decrease in serum 
LH and prolactin hormones within the first 1-2 hours 
after the dose. (Mendelson, et al., 1986). LH is involved 
in maintaining progesterone secretion during the luteal 
phase, and a decrease in LH serum concentrations can 
disrupt the endometrial lining and shorten cycle length.

Implications for Further Research
Although several animal studies showed findings indicat-
ing the effect of marijuana on reproductive hormones, 
most of the human studies did not show any clinically sig-
nificant results. More research is necessary to determine 
the effects that marijuana has on the menstrual cycle. 
The studies were performed several years ago, before 
marijuana was popular and use was prevalent amongst 
reproductive age women. Additionally, sample sizes were 
small and largely relied on self-report. Larger and more 
robust trials would need to be performed in order to 
yield significant evidence. 

Cannabis Impact on Pregnancy
Maternal cannabis use during pregnancy has been as-
sociated with small for gestational age infants, preterm 
birth, and impaired behavioral and cognitive development. 
Women who use cannabis often use other substances 
such as alcohol or tobacco, which cause a synergistic 
affect and increases the danger for the fetus. Cannabis 
is often used by pregnant women to minimize nausea 
during the first trimester. The first trimester is the most 

Figure 1: Correlation of the ovarian and uterine cycles
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vulnerable time for a fetus since most of the organ devel-
opment occurs during that time. Fetal exposure to harm-
ful substances during the first trimester can cause serious 
birth defects or developmental delays. 

In the 1950s, a drug called Thalidomide became pop-
ular in many countries in Europe. It was used to treat 
morning sickness and nausea in early pregnancy. However, 
it soon became apparent that the children born to moth-
ers who used Thalidomide during their first trimester 
were born with Phocomelia, a congenital deformity in 
which the child’s hands and feet are connected to their 
trunk instead of their limbs. Researchers later discovered 
that the clinical trials of the drug were performed using 
only the R- enantiomer of the molecule. They marketed 
the drug, however, as a racemic mixture, not realizing the 
harmful effects that the other enantiomer would have on 
the fetus. This incident further proves the vulnerability of 
the fetus during early pregnancy. 

Maternal cannabis consumption is harmful for the 
fetus since expression of Endocannabinoid receptors has 
been found in the fetus as early as 5 weeks of gestation. 
The main psychoactive compound in Marijuana, THC, 
can cross the placenta and activate receptors in the fetal 
brain and placenta, and cause adverse effects. Researchers 
have suggested that cannabinoid receptor activation in 
the placenta may cause stillbirth and miscarriages.

A study analyzed 12,000 women with singleton preg-
nancies between 18 to 20 weeks of gestation. Five precent 
self- reported marijuana use before or during pregnancy. 
Results showed that women who had chronically used 
marijuana before and throughout pregnancy had offspring 
with smaller head circumference and shorter birth length 
than offspring of non- users. (Fergusson et al., 2003)
Another study analyzed 5588 participants. The propor-
tion of women who used marijuana during or before 
pregnancy was 5.6%, while tobacco use was 24%. Small 
for Gestational Age infants were born to the marijuana 
and tobacco users. There were also minimal findings of 
Spontaneous Preterm Birth and Preeclampsia amongst 
marijuana users. (Leemaqz, et al., 2016)

A third study involved 3164 participants. Participants 
self- reported marijuana, alcohol, cocaine, and tobacco use 
before or during pregnancy. Heavy use of all four substanc-
es decreased birth weight by 26%. (Janisse, et al., 2014)

Several studies suggested that marijuana use is associ-
ated with stillbirth and early miscarriage. However, no sta-
tistically significant findings were reported with marijuana 
use alone. The largest study performed was conducted by 
Stillbirth Collaborative Research Network, which studied 
the impact of drug use and smoking on stillbirth. The study 
included 663 stillbirth deliveries from 5 different clinical 

locations over 2 years. The researchers performed cord 
homogenate toxicology and maternal cotinine assays at 
the time of delivery. Marijuana use was detected through 
tetrahydrocannabinolic acid (THC-COOH). There were 
significant findings of concurrent marijuana and tobacco 
use associated with stillbirth, but no significant findings 
with marijuana alone (Varner, et al., 2014).

Implications for Further Research
Although there is a correlation seen between marijuana 
and negative effects on birth weight and on time deliv-
ery, most of the existing research regarding pregnancy 
and marijuana dates to an era when marijuana use was 
far less prevalent than it is currently. Additionally, most 
of the studies relied on self-report and contained rela-
tively small sample sizes. Women may have inaccurately 
reported their use and there is no biological validation 
for self-report. Thirdly, many of the studies analyzed the 
effects of marijuana as well as other substances. The ef-
fects cannot be sourced to marijuana alone. More up to 
date trials with better methodology would be needed to 
yield significant results. 

Marijuana and Lactation
Tetrahydrocannabinol (THC) is 99% protein bound, highly 
lipid soluble and has low molecular weight. Therefore, it 
easily travels into human breastmilk. The THC can then 
activate receptors in the breastfeeding infant’s brain or 
reproductive tract and cause adverse effects. A Non-
human primate study recorded that .2% of THC ingested 
by the mother was found in breastmilk. If a mother uses 
marijuana 1-2 times per day, the breastfeeding infant may 
ingest several milligrams of THC daily. However, there 
is not much significant research that proves the direct 
effects of marijuana on a breastfeeding infant’s develop-
ment. Several studies were conducted without proper 
long term follow up. Since there is little evidence, the 
American College of Obstetricians and Gynecologists 
(ACOG) recommended Ob/Gyn providers to counsel 
breastfeeding women against marijuana consumption 
until future studies can delineate proper clinical guidance. 
ACOG also recommended that women trying to con-
ceive, and pregnant women should refrain from marijuana 
consumption. 

Conclusion
In conclusion, cannabis disrupts the reproductive system 
by activating CB1 and CB2 which are present throughout 
the hypothalamic-pituitary-gonadal axis. In males, signif-
icant evidence has proved that Tetrahydrocannabinol, 
the main psychoactive component in cannabis negatively 
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affects semen parameters. THC affects sperm production 
and thereby reduces sperm concentration and quality. It 
also activates receptors on the sperm, which causes a 
reduction in motility and normal morphology. CB1 re-
ceptor activation on spermatozoa can also inhibit the 
acrosome reaction and disables fertilization of an oocyte. 
THC has not been proven to interfere with the func-
tioning of the female menstrual cycle. Although evidence 
has shown that THC may impact some animal serum 
hormone concentrations, the human studies did not 
yield positive results. Weak evidence has been found re-
garding the effects of marijuana on pregnancy and lacta-
tion. Studies show that THC can cross the placenta and 
breastmilk and can therefore harm the fetus or breast-
feeding infant. However, the direct effects in either case 
have not been researched enough. Despite the inconclu-
sive results, ACOG has recommended against the use of 
maternal marijuana consumption until studies prove that 
marijuana is deemed safe enough to use while breast-
feeding. Similarly, the American Academy of Pediatrics has 
also recommended against marijuana use during pregnan-
cy and lactation. Additionally, the American Society for 
Reproductive Medicine (ASRM) states that a prospective 
gestational carrier and their partner may not be marijua-
na users. Emphasis should be placed on educating patients 
and their partners in the preconception and early preg-
nancy period about the risks associated with fertility and 
fetal development when consuming marijuana.
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Abstract
Congenital and infantile cataracts are characterized by opacity of the ocular lens, causing decreased visual acuity and inducing 
amblyopia. Treatment of pediatric patients is complicated because the eye is still growing during childhood, and the mind-eye 
connection is developing during this time. Anything that obstructs visual input from the eye to the brain raises risks of permanent 
visual deficit. Treatment includes immediate cataract extraction; this is sometimes followed by intraocular implantation of an 
artificial lens. After surgery, treatment continues in the form of occlusive patching therapy, corrective spectacles, or cycloplegic 
eye drops. Oftentimes, several methods are used simultaneously for maximal outcomes. This literature review discusses treatment 
options for infantile and congenital cataracts, analyzes the risks and benefits of the available options, and evaluates which options 
have the most successful long-term outcomes.
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Introduction
Although cataracts are common in adults over fifty, their 
appearance in the pediatric population is rare. Cataracts 
are a condition that affects the ocular lens, causing it to be 
cloudy instead of clear. This results in visual impairments 
or blindness if left untreated. This condition is a leading 
cause of monocular vision loss in infants and children and 
is the cause of more visual disability than any other form 
of treatable blindness (Wang et al., 2021; Wilson, 2015). 

The first phase of treatment is to surgically remove 
and replace the cloudy lens. When this procedure is done 
for adults, normal vision is restored, and no follow-up 
treatment is required. However, several unique obstacles 
arise in the next steps of treating congenital/infantile cata-
racts. Childhood years are critical for the development of 
a proper mind-eye connection. Therefore, every moment 
of obstructed vision interferes with visual development 
and induces amblyopia (Wang et al., 2021). 

Amblyopia, often referred to as a “lazy eye,” is a condi-
tion caused when a child’s eye has a disparate visual ability 
compared to the fellow eye. This causes the brain to turn 
off nerve signaling from the weaker eye, relying solely on 
the stronger eye for visual input. If left untreated, ambly-
opia can cause lifelong vision impairment, as treatment is 
largely ineffective once a person reaches adulthood due 
to decreased neuroplasticity at that stage (Boyd, 2023).

Additionally, a child’s eyes are rapidly growing during the 
first few years of life, which shifts the ocular focus and, over 
time, alters vision. Because these changes are unpredict-
able, evaluating a suitable lens power for an intraocular lens 
replacement in a child is difficult (VanderVeen et al., 2012). 

Treating and managing pediatric cataracts is challenging 
and involves years of collaboration between parents, pri-
mary care pediatricians, surgeons, orthoptists, and com-
munity health workers to achieve successful outcomes 
(Wilson, 2015). Although technological advances have 
allowed for better treatment, further research is ongo-
ing to assess the effectiveness of the available treatment 
options and their potential challenges/complications. This 
review aims to examine and determine which treatment 
options best serve the growing child’s long-term vision 
and binocularity. 

Methods
The studies reviewed and analyzed in this paper were 
accessed from the databases of Google Scholar, PubMed, 
and JAMA Ophthalmology.  Keywords included congenital 
cataracts, aphakia, pseudophakia, intraocular lens, amblyo-
pia, glaucoma, and occlusive patching.

Discussion  
Cataract Surgery
Childhood cataracts must be removed in a timely manner, 
or the child will be left with permanent visual deficits. 
The surgery itself consists of a lensectomy to remove 
the clouded lens and leaves behind a clear visual axis 
(Yorston, 2004).

Aphakia versus Pseudophakia 
Prior to surgery, the parents and medical team decide if the 
child should receive a replacement lens intraocularly or 
not. When cataract surgery is performed, and the patient 
does not receive an intraocular lens (IOL) implantation, 
the child is considered aphakic (i.e., lacking a lens in the 
eye). An aphakic child is typically prescribed a corrective 
contact lens after surgical treatment. Alternatively, some 
children have an artificial lens permanently implanted 
during surgery. Such a child is said to have pseudophakia, 
literally defined as a “fake lens.” The decision is complex 
and requires case-by-case evaluation.

Several studies compare vision outcomes in infants 
with aphakia versus those with pseudophakia. A crucial 
factor in reestablishing normal vision of the eye post-cat-
aract surgery is compliance with the prescribed refractive 
correction. One study performed by the Infant Aphakia 
Treatment Study (IATS) demonstrated a marked differ-
ence in compliance with refractive correction of apha-
kic versus pseudophakic patients. Caregivers of aphakic 
infants reported that the prescribed optical correction  
(corrective contact lenses and spectacles as indicated) 
was worn by the child at least 95% of waking hours. In 
contrast, the pseudophakic infants had only a 50% medi-
an use of spectacles during waking hours. However, the 
pseudophakic group was at an advantage because the 
intraocular lens was always in place and never falls out 
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or needs to be changed. This increased compliance was 
found to be correlated with superior visual outcomes 
(Drews-Botsch et al., 2012). These findings correlate ease 
of treatment with treatment outcomes. When a patient 
receives an IOL, it is implanted permanently and does not 
require handling on an ongoing basis. Conversely, a patient 
who had a lens removed but not intraocularly replaced 
requires more ongoing intervention. This intervention 
includes routinely removing and replacing the press-on 
contact lens and ensuring that the lens remains properly 
placed on the eye. 

Another study trended the same factors in a similar 
study performed on 60 infants. The infants were random-
ly assigned to group A, IOL implantation with corrective 
spectacles as needed, or group B, press-on spherical lens 
and spectacles. Although both groups had significantly 
improved visual acuity one year after surgery, subjects in 
group A had visual outcomes that were greater than those 
in group B. Similar to the previous study, adherence was 
greater in group A, the IOL group (Li et al., 2014). These 
findings are significant because refractive correction alone 
has been found to improve visual acuity. In some cases, this 
can be enough to lead to the resolution of amblyopia in 
children (Cotter, 2006). It is apparent from these studies 
that the increased adherence to prescribed treatment of 
the IOL group contributed to their enhanced visual out-
comes at the one-year post-surgery mark.

Predictability of Intraocular Lens Power
A child’s eyes are still growing, which shifts the focus of 
the lens and causes changes in the prescription of the 
eye. Because the growth of a child’s eye is not predictable, 
evaluating the correct power lens to implant in a child’s 
eye permanently is a complex task. Precise and consistent 
biometric data for IOL power is difficult to obtain. This is 
due to the poor cooperation of young patients and the 
limitations of the available equipment used to measure 
the eyes (VanderVeen et al., 2012). 

Additional factors that complicate eye measurement 
include short axial length, steep cornea, shallow anteri-
or chamber depth, dense cataracts, and dense vitreous. 
These conditions are particularly prevalent among pe-
diatric patients, and all contribute to biometry errors. 
Additionally, the formulas to measure refractive error 
and predict lens power use data from adult eyes. There 
are several structural differences in pediatric eyes; 
therefore, using the adult formula results in inaccurate 
measurements in children. These inaccuracies may be in-
significant after surgery; however, as the infantile eye ma-
tures, the refractive error grows. Ultimately, this results 
in a large disparate error by the time the patient reaches 

adulthood. Therefore, a patient given an inaccurate IOL 
implantation as a child will be wearing thick, heavy glasses 
by the time s/he reaches adulthood to compensate for 
the error (Shuaib et al., 2021). 

Another study was conducted on 40 children who un-
derwent successful cataract extraction and IOL implanta-
tion. Biometric and refractive data analysis revealed that 
children under 36 months of age or with exceptionally 
small axial lengths (< 20 mm) still had significant refrac-
tive errors after surgery. These errors, averaging greater 
than one diopter, demonstrate the great need for an IOL 
prediction formula specifically designed for infants and 
children (Tromans et al., 2001).

An additional study analyzed the accuracy of predicted 
refraction compared to actual post-op measures. When 
refractive measurements were taken two months after 
surgery, there was already a notable error averaging 1.2 
to 1.4 diopters (Andreo & Wilson, 1997).  These studies 
highlight an important question: Is IOL implantation the 
best option for the treatment of infantile cataracts, given 
the high degree of refractive error that remains?

Surgical Complications
Surgical treatment decisions need to be considered in 
relation to the relative complexity of the surgery. A len-
sectomy followed by IOL implantation is a more complex 
surgery, and therefore has increased risks of complica-
tions. Common complications after cataract surgery in-
clude visual axis opacification and glaucoma.  

Visual axis opacification occurs when epithelial cells 
on the lens capsule continue to rapidly divide. These 
divisions, caused by increased mitotic activity in chil-
dren, result in lens opacification and the formation of a 
membrane across the pupil. This opacification occurs in 
an estimated 40% of IOL patients. It causes continued 
visual obstruction and decreased optical image quality. 
Visual axis opacification disrupts the mind-eye connec-
tion and causes persistent amblyopia even after cataract 
extraction (Shrestha & Shrestha, 2014). 

This complication was investigated in a study of 144 
infants, that evaluated the incidence of visual axis opaci-
fications and pupillary membrane formation after pe-
diatric cataract surgery. Included in the study were 68 
pseudophakic infants and 76 aphakic infants. The rate 
of pupillary membrane formation in the pseudophakic 
group was found to be significantly higher than in the 
aphakic group. Forty percent of the pseudophakic group 
were diagnosed with pupillary membrane formation, of 
which 72% required a second surgery for correction. 
Conversely, only 7% of the aphakic eyes had pupillary 
membrane formation. Of that small percentage, only 16% 
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required secondary surgery for visual axis opacification 
(Hložánek et al., 2023). 

A similar study performed several years earlier sup-
ports these findings. It was noted that 12.1% of the apha-
kic group required a second procedure for visual axis 
opacification, compared to 80.0% in the pseudophakic 
group (Plager et al., 2002). These studies reflect the need 
for careful consideration before deciding to implant an 
IOL in a child.

Another common postoperative complication is the 
development of glaucoma, an eye disease that damages the 
optic nerve and causes permanent vision loss. Glaucoma-
related adverse effects often develop 1-2 years following 
cataract surgery (Wang et al., 2020). Studies have been 
performed with a focus on the rate of post-op glaucoma 
development.

In the first study, The Pediatric Eye Disease Investigator 
Group collected data from 810 children. It assessed the 
correlation between IOL implantation and the develop-
ment of glaucoma post-lensectomy. Data collected within 
five years after surgery found that 29% of pseudophakic 
eyes and only 7% of aphakic eyes developed glaucoma. 
Furthermore, glaucoma surgery was necessary for 7% of 
pseudophakic eyes and only 0.5% of aphakic eyes (Bothun 
et al., 2023). 

These findings are reflected in another study, which 
included 368 children who underwent cataract surgery. 
Two hundred and seventy-seven patients were treated 
with IOL implantations, and the remaining 148 patients 
had cataract surgery without intraocular lens replace-
ment. In the pseudophakic group, there were no signs of 
glaucoma development within 16 months after surgery. 
Conversely, the aphakic group had a 4.8% incidence of 
glaucoma development within the same timeframe.  
(Sahin et al., 2023). This study showed a relatively higher 
incidence of glaucoma-related adverse events in aphakic 
patients. Limited conclusions can be made based on this, 
because the experiment was done on a small scale and 
does not include long-term treatment results. However, 
glaucoma development is a significant risk, and the likeli-
hood of development must be accounted for when eval-
uating the treatment of pediatric cataracts.

Treatment of Amblyopia
Following a successful cataract extraction, a significant barri-
er to visual rehabilitation is amblyopia. Treatment of amblyo-
pia involves forcing the use of the weaker eye by covering or 
temporarily blurring vision in the dominant eye. 

The first line of treatment for amblyopia is the use of an 
eye patch to occlude the non-amblyopic eye. This serves 
to reestablish the mind-eye connection (Von Noorden, 

1974). A frequent issue is that children demonstrate 
poor adherence and remove the patch earlier than rec-
ommended, leading to suboptimal treatment results. This 
issue is the factor most strongly associated with poor 
visual acuity in children following treatment for unilateral 
cataracts (Drews-Botsch et al., 2012; Wallace et al., 2018).

A study that illustrates this was conducted by the IATS 
on 114 infants, all of whom had unilateral cataract sur-
gery performed between the ages of 1-6 months. A daily 
patching regimen was prescribed, beginning two weeks 
after cataract surgery and extending until 12 months of 
age. During this time, caregivers reported data on their 
compliance with the prescribed therapy. All infants had 
regular examinations by certified IATS investigators to 
assess optical correction and visual acuity. Infants who 
had better adherence had visual outcomes that were 
notably superior at 12 months than those with poorer 
compliance. The statistical data showed that those who 
reported at least 75% compliance had the best visual out-
comes (Drews-Botsch et al., 2012). These findings sup-
port patching therapy as a safe, non-invasive, and effective 
treatment of amblyopia.

In cases of poor compliance, a pharmacological agent 
can be used to prevent accommodation of the non-ambly-
opic eye. This involves instilling a cycloplegic agent, which 
temporarily blurs vision. Typically, ophthalmic Atropine 
Sulfate 1% solution is instilled into the non-amblyopic eye, 
which relaxes the eye muscles (Repka et al., 1985). 

The efficacy of this treatment was evaluated in a ran-
domized study that compared visual outcomes of patch-
ing versus ophthalmic atropine. In one group, participants 
were prescribed an occlusive patching regimen with a 
personalized protocol for patching based on the child’s 
age and the severity of amblyopia present. In the second 
group, participants were treated with one drop of atro-
pine 1% in the conjunctival fornix of the non-amblyopic 
eye each morning. Parents of participants in both groups 
were asked to rate compliance, and providers assessed 
visual acuity at regular intervals. Following treatment, 
both groups showed statistically significant improved vi-
sion. Even though treatment compliance was higher in the 
atropine group, the patching group scored notably higher 
on visual acuity testing. It is believed that the lower suc-
cess rate of the atropine group was caused by insufficient 
blurring of the non-amblyopic eye. Ultimately, in cases 
where conventional occlusion therapy is not feasible due 
to skin sensitivity, emotional issues, or lack of coopera-
tion, blurring the dominant eye is a somewhat effective 
alternative treatment (Foley-Nolan et al., 1997).

Another treatment protocol combining atropine and 
patching therapy (CAPT) was evaluated for effectiveness 
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in cases of severe amblyopia. This solves the problem of 
treatment failure due to poor patching adherence with-
out the concern of insufficient blurring by atropine. To 
this end, 108 amblyopic children were randomly assigned 
to either receive a daily regimen of patching and atro-
pine therapy or patching therapy alone. Participants of 
both groups received patching therapy for six continuous 
hours per day. In the CAPT group, ophthalmic atropine 1% 
was administered on a daily schedule. All participants had 
examinations for baseline measurements and follow-up 
examinations at regular intervals. The results of this 
study found greater improvements in the CAPT group. 
However, both groups showed significant improvement, 
with only a small difference between them (Wang et al., 
2021). These findings are in line with previous studies that 
demonstrate the efficacy of patching therapy.

Conclusion
Based on the above research, it is clear that cataract 
surgery without IOL implantation is the preferable 
treatment. This is due to the high rate of complications 
associated with IOL implantation and the incidence of in-
accurate IOL power predictions. Although pseudophakia 
seems better for the treatment of amblyopia, experimen-
tal data has not found this to be a significant factor con-
tributing to superior vision outcomes. The risk of surgical 
complications is greater with IOL placement, and in many 
cases, IOL placement alone is not sufficient treatment to 
restore binocular vision. Therefore, it is better to leave a 
child aphakic and use a press-on contact lens and/or pre-
scription spectacles after surgery. This provides the child 
with proper refractive correction while eliminating the 
risks associated with IOL implantation. 

Regardless of whether or not an IOL is implanted, 
prompt and consistent treatment of amblyopia is of ut-
most importance for optimal visual outcomes. To best 
achieve these results, occlusive patching is the first line of 
treatment. The use of blurring eye drops is less effective. 
It can be used in conjunction with patching therapy but 
is insufficient as a stand-alone treatment. Cataract treat-
ment by lensectomy without IOL implantation, followed 
by patching therapy, is adequately supported as the most 
effective treatment for infantile cataracts.
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Abstract
The historical understanding of Recurrent Aphthous Stomatitis (RAS), also known as canker sores, has evolved. This paper aims 
to collect data that determines the underlying factors that can cause RAS and highlights treatments or preventive measures one 
should take. RAS is a common mucosal disease of the mouth that affects healthy people and presents atypically in immuno-
compromised people. Geographical, age, and gender-related factors can all affect the prevalence. RAS still has no known cause; 
however, several systemic, local, immunologic, genetic, dietary, allergy, and microbiological factors—including immunosuppressive 
medications and stress—have been suggested as potential culprits. Using topical and systemic medicines, the clinical therapy of 
RAS is based on the number, size, frequency, and severity of lesions. Reduction of pain and ulcer size, promotion of healing, and 
reduction in recurrence frequency are the objectives of these therapies.
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Introduction
The most prevalent ulcerative illness of the oral mucosa 
is recurrent aphthous stomatitis (RAS), which manifests 
as painful, shallow, circular ulcers with a precisely outlined 
erythematous border and a yellowish-gray pseudomem-
branous core, usually measuring 3 to 5 mm and display-
ing a centrally adhering yellowish exudate along with 
an erythematous peripheral rim. Before an ulcer forms, 
RAS is characterized by a distinctive prodromal burning 
feeling that lasts for two to forty-eight hours (Akintoye 
& Greenberg, 2014). RAS is defined by the recurrent for-
mation of one or more distinct, painful ulcers, which heal 
in 7–14 days on average. Individuals may either report oc-
casional lesions or experience such frequent occurrences 
that the ulcers are practically always active. Usually found 
on the tongue, buccal, and labial mucosa, it occurs in oth-
erwise healthy people. It less frequently involves the high-
ly keratinized mucosa of the gingiva and palate (Akintoye 
& Greenberg, 2014).

Background
RAS is a common oral lesion, affecting approximately 10-
20% of the population. A population-based study found 
that 13.2% of participants had RAS. Risk factors associ-
ated with RAS include being female, history of rheumatic 
diseases, joint swelling and lower back pain are (Kiraz 
et al., 2015). A variety of autoimmune and inflammatory 
disorders as well as mucosal damage are recognized as 
causes of mouth ulcers. For instance, mouth ulcers are 
frequently seen in people with systemic lupus erythe-
matosus, ulcerative colitis, and Crohn’s disease. They are 
also thought to be a diagnostic characteristic of Behçet’s 
disease, an inflammatory blood vessel illness that results 
in ulceration of the mouth, eyes, and genitalia (Dudding 
et al., 2019).

Immunological modulation is essential for mediating 
tissue damage and the clinical manifestation of RAS, re-
gardless of the original trigger. In those who are suscep-
tible, there is a proliferative healing phase and the loss of 
surface mucosa after a localized infiltration of monocytes 
and T lymphocytes into the oral mucosa that extends 

deep below the basal membrane. T-cell modulation may 
contribute to the etiology, as suggested by in-silico func-
tional analysis, by examining genetic variants and gene ex-
pression (Dudding et al., 2019). There is also a suggestion 
that the T-cell-mediated response observed in RAS is a 
result of Streptococcus sanguinis antigens damaging the 
oral mucosa through a cross-reaction with mitochondrial 
heat shock proteins (Plewa & Chatterjee, 2021).

Part of the reason there is a lack of adequate treat-
ment is due to the uncertainty of the cause (Al-Maweri 
et al., 2020). Causes for aphthous stomatitis ulcer can be 
very different for each individual. When it comes to find-
ing the factors that can extend from “stress and trauma 
to strawberries and toothpaste with sodium lauryl sul-
fate. Even stopping smoking can cause lesions to occur 
(DDS, 2019).”

Etiology
Family-based studies tend to back up the hypothesis that 
RAS to some extent has some genetic predisposition, 
however, RAS’s etiology is still not fully known (Dudding 
et al., 2019). It is thought that a combination of a genetic 
predisposition and a cell-mediated immune response are 
the causes. Changes in histology are visible before ulcer-
ation. The oral epithelium is invaded by lymphocytes; this 
results in edema, vacuolization, and vasculitis of the kerat-
inocytes. This causes the epithelium to enlarge locally be-
fore eventually becoming ulcerated. Before the epithelium 
heals and regenerates, neutrophils, lymphocytes, and plas-
ma cells infiltrate the area. Tumor necrosis factor-alpha, an 
inflammatory cytokine, is involved in the T-cell-mediated 
immunological response that provides the pathophysiolo-
gy of RAS. Major Histocompatibility Complex (MHC) ex-
pression and an initial inflammatory response are caused 
by TNF-α activating neutrophil chemotaxis. As a result, 
the CD8+ T lymphocytes target the epithelial cells for 
destruction (Plewa & Chatterjee, 2021).

With varying degrees of success, earlier candidate 
gene association studies have looked into variations in the 
regions of genes producing important cytokines TNF-α, 
IL-1α, IL-1β, IL-6, IL-10, and IL-12. Gene variations linked 
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to sensitivity to early triggers and the immune response 
that causes tissue damage and ulcer formation may be 
found by genome-wide association studies (GWAS). In a 
recent study, a collection of cases of patients with sys-
temic lupus erythematosus were examined to find cor-
relations between gene pathways and particular sub-phe-
notypic traits, such as oral ulcers, using genome-wide 
data. The study discovered a few findings linking the oral 
ulcer sub-phenotype to the vascular endothelial growth 
factor (VEGF) pathway (Dudding et al., 2019).

There are no prior traditional genome-wide associa-
tion studies for RAS or mouth ulcers, and it is unclear 
how these findings apply to the broader population. 
Consequently, a genome-wide investigation for RAS 
is necessary, yet big cohorts lack particular measures. 
Using large databases to find and reproduce linked ge-
netic variants in a “well-powered GWAS of self-report-
ed non-specific mouth ulcers” is the most appropriate 
approach, considering the data available. The effects of 
these variants can then be validated in smaller collections 
using more clinically relevant RAS-specific measures. This 
genome-wide association study reproduces its findings in 
a separate cohort and reveals 97 variations that change 
the risk of getting non-specific mouth ulcers (Dudding et 
al., 2019). 

According to Audrey L Boros (2019), “ There’s no age, 
gender, or race predilection, but there is a familial ten-
dency based on human leukocyte antigen (HLA) types 
(DDS, 2019).” RAS has a hereditary propensity; between 
24 and 46 percent of patients have a family history of 
the illness. Typically, ulceration occurs more quickly and 
severely in these people. There is a known connection be-
tween HLA-B51 and the genes that regulate heat shock 
proteins or cytokines (Plewa & Chatterjee, 2021). The 
most established primary trigger for RAS is genetics. The 
existence of RAS in one or both parents greatly increases 
predisposition to it. Research on identical twins has also 
shown that this condition is inherited.  People who have 
a positive family history of RAS are more likely to experi-
ence RAS early in life. Children born to two RAS-positive 
parents are 90% more likely to acquire RAS, which is 
characterized by severe signs and more frequent recur-
rences. RAS patients have been found to carry certain 
genetic variants of the HLAs HLA-A2, HLA-B5, HLA-B12, 
HLA-B44, HLA-B51, HLA-B52, HLA-DR2, HLA-DR7, and 
HLA-DQ series. The fact that several ethnic groups have 
been linked to distinct HLA alleles or haplotypes without 
any HLA that is consistently linked to RAS is a confusing 
discovery (Akintoye & Greenberg, 2014). These findings 
offer a fresh understanding of the pathophysiology of a 
prevalent and significant ailment.

Predisposing Factors
Older individuals are less likely to develop RAS. Alcohol 
consumption and smoking may reduce RAS. The exact 
cause of RAS remains unclear and is considered multifac-
torial. Some causes may be: immune system dysregulation, 
allergic reactions triggering RAS, diet and nutrient deficien-
cies, infections or microbial imbalances, and certain drugs 
may influence RAS occurrence (Kiraz et al., 2015). Trauma 
to certain parts of the oral mucosa can also increase the 
likelihood of developing recurrent aphthous ulcers (Plewa 
& Chatterjee, 2021). In those who are vulnerable to stress, 
local trauma is thought to be the cause of RAS. Trauma 
causes edema and early cellular inflammation linked to 
an increase in the viscosity of the extracellular matrix in 
the oral submucosa, which predisposes to RAS. Denture 
wearers do not have a high prevalence of RAS, while being 
three times more sensitive to oral mucosal ulceration, sug-
gesting that not all oral trauma results in RAS (Akintoye & 
Greenberg, 2014).

Furthermore, persistent smokers who expose their 
oral mucosa to nicotine regularly have shown a negative 
correlation between smoking and RAS. Therefore, it ap-
pears that only people with a genetic predisposition to the 
disease are at risk for developing RAS due to local stress 
(Akintoye & Greenberg, 2014). Some individuals may be 
more prone to developing recurrent aphthous stomatitis 
due to either their susceptibility or a genetic predisposition 
inherited from their family. Recurrent aphthous stomatitis 
tends to occur less frequently in areas of the mouth where 
the tissue is keratinized, therefore tobacco smokers are 
less likely to experience RAS (Plewa & Chatterjee, 2021). 
Certain patients with recurrent aphthous stomatitis have 
been shown to have hematinic deficiencies, a deficiency in 
zinc, iron, folic acid, or vitamin B12. Patients with hema-
tinic deficiencies will have RAS twice as frequently. Low 
hematinic acid levels can lead to anemia, which in turn can 
reduce the blood’s ability to deliver oxygen to the cells in 
the oral mucosa, potentially causing atrophy or degener-
ation of the oral epithelial cells. However, iron or vitamin 
supplements don’t always make lesions go away. RAS may 
indicate the presence of bowel diseases such as ulcerative 
colitis, gluten-sensitive enteropathy, and Crohn’s disease. 
On the other hand, hematinic malabsorption defects may 
be the cause of the ulcerations. Human Immunodeficiency 
Virus (HIV) patients are more susceptible to RAS due to 
decreased CD4 lymphocyte levels and increased CD8 lym-
phocyte levels (Plewa & Chatterjee, 2021). 

Epidemiology
RAS frequency, amongst communities, ranges from 5% to 
25%. Depending on the study’s design and methodology, 
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as well as the origins of the individuals and groups under 
investigation, these kinds of notable variances have been 
documented (Ślebioda et al., 2013). RAS affects 20% of 
the population in general, however, the incidence varies 
from 5% to 50% according to the socioeconomic and 
ethnic groups that are researched. Environmental factors, 
diagnostic standards, and the population under study all 
have an impact on the occurrence of RAS. The presence 
of RAS in one or both parents can have an impact on 
the prevalence of RAS in children, which can reach 39%. 
Compared to 20% of children with RAS-negative parents, 
those with RAS-positive parents had a 90% risk of acquir-
ing RAS. RAS is five times more common and accounts 
for 50% of oral mucosal lesions in children from high so-
cioeconomic backgrounds (Akintoye & Greenberg, 2014). 

Usually, it first manifests throughout adolescence or 
childhood. It could manifest as a standalone ailment or 
as a component of a larger illness, such as Behçet dis-
ease (Plewa & Chatterjee, 2021). A cross-sectional study 
that was performed in the Health Management Center, 
Xiangya Hospital, Central South University in Changsha 
city, Hunan province, showed that the physician popula-
tion has a higher prevalence of  RAS due to inadequate 
sleep and stress (Liu et al., 2022). When comparing RAS 
prevalence among professional school students to the 
same subjects 12 years later, after they had entered the 
workforce, it was discovered that the male had a higher 
prevalence (male, 48.3%; female, 57.2%). This result led 
some researchers to hypothesize that stress experienced 
by a student is a significant contributor to RAS, although 
age-related variations should also be taken into account. 
RAS seems to peak between the ages of 10 and 19 and 
then becomes less common as one ages or moves to a 
different location. If RAS develops during the third de-
cade and continues to worsen well into adulthood, there 
should be more reason to suspect that an underlying 
medical problem, such as connective tissue disease, he-
matologic illness, or immunologic dysfunction, may be the 
cause of the syndrome (Akintoye & Greenberg, 2014). 

Types of Aphthous Stomatitis
All the different types of aphthous stomatitis will be on 
moveable mucosa and typically will have an erythematous 
halo around the ulcer (DDS, 2019). “Moveable Mucosa” 
refers to the flexible and mobile lining inside the oral 
cavity, also known as the oral mucosa. Persistently pain-
ful mouth ulcers that continue for days to months are 
a hallmark of recurrent aphthous stomatitis (Plewa & 
Chatterjee, 2021). RAS is further divided into three sub-
groups: Minor Aphthous Ulcers, Major Aphthous Ulcers, 
and Herpetiform Aphthous Ulcers. 

Minor Aphthous Ulcers
Roughly 80% of RAS patients have minor aphthous ulcers, 
which are the most prevalent kind of the condition. They 
happen again every one to four months. The lesions are 
round or oval in shape, typically smaller than 5 mm in 
diameter, and manifest as one to six ulcers at a time. The 
lesions are coated in a gray white pseudomembrane and 
have an erythematous halo surrounding them. Minor RAS 
primarily affects non-keratinized mucosa, particularly the 
floor of the mouth, buccal, and labial mucosa. It heals 
completely within two weeks. The aphthous lesions may 
be preceded by oral pain (Plewa & Chatterjee, 2021).

Major Aphthous Ulcers
Major aphthous stomatitis, alternatively named Sutton’s 
disease or Periadenitis Mucosa Necrotica recurrens, af-
fects roughly 10% of RAS patients (Akintoye & Greenberg, 
2014). These ulcers are a more severe form of the con-
dition. The ulcers are larger (>10 mm), typically leave 
scars, and last for 5 to 10 weeks. Any part of the mouth, 
including the oropharynx, could be impacted. The most 
common form of RAS in AIDS patients is major aphthous 
ulcers, and there is a stronger correlation between these 
lesions and hematological and gastrointestinal issues. 
These ulcers typically don’t adhere to a predictable pat-
tern (Plewa & Chatterjee, 2021). Additionally, they are 
found to be deeper than minor aphthous ulcers, while 
typically being rounded with well-defined boundaries, but 
when they are very big, they might have uneven edges 
(Mayo Clinic, 2018). Major aphthous ulcer can be seen 
on the lower lip, the maxillary unattached gingiva, and the 
anterior tongue. All of the ulcers will have a distinctive 
feature of an erythematous halo with a central yellowish 
gray pseudomembrane (Akintoye & Greenberg, 2014).

Herpetiform Aphthous Ulcers
The least prevalent kind of RAS, herpetiform ulceration, 
affects 1% to 10% of patients. There is no relationship to 
herpes viruses; rather, the name comes from the similarity to 
primary herpetic stomatitis. Compared to other types of re-
current aphthous stomatitis,  they most often affect women 
and manifest at a later age (Akintoye & Greenberg, 2014). 
The lesions look like countless, tiny, painful ulcers. Up to 100 
ulcers may appear at once, each with a diameter of 2 to 3 
mm for a duration of one to two weeks. The tongue’s tip 
and lateral edges, as well as the floor of the mouth, are the 
most common locations. They could show up on mucosa 
that is keratinized or not. Occasionally, the little ulcers may 
merge to form a larger, uneven ulcer that leaves scars behind 
(Plewa & Chatterjee, 2021). Herpetiform aphthous ulcer can 
be seen on the mandibular buccal fold (Shah et al., 2016).        
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Herpes
Herpes simplex viruses can cause sores on the skin 
or mucous membranes, including but not limited to 
the areas around the mouth, lips, genitalia, and rectum. 
Usually, the sores start as blisters that burst and leave 
tender sores behind. Both nonprofessionals and doctors 
frequently mistake RAS for herpes simplex virus (HSV) 
infection, even though multiple research studies have not 
shown an etiological association between RAS and the 
virus. Neither HSV virus nor antigens have been found 
in aphthous lesions nor have they been effectively sep-
arated from RAS biopsy tissues. There is a suggestion 
that the reactivation of certain viruses (varicella-zoster 
virus and human cytomegalovirus) might be linked to the 
frequent recurrence of aphthous ulcers. To explore this 
association, researchers conducted evaluations of biopsy 
tissue from individuals with RAS. The researchers used 
a technique called polymerase chain reaction (PCR) to 
check for the presence of viruses (HV6, CMV, VZV, EBV) 
in the biopsy samples. Despite the suggestion of an asso-
ciation, the PCR analysis did not detect the presence of 
these viruses as causative factors for recurrent aphthous 
ulcers. Given the lack of evidence for a viral cause, it is 
the responsibility of medical professionals to distinguish 
RAS from herpes infections. Medical professionals should 
reassure RAS patients that they do not have an infectious 
disease and that antiviral therapy is not necessary nor 
effective for RAS (Akintoye & Greenberg, 2014). To tell 
the difference between herpes and aphthous stomatitis in 
a healthy patient, one must know that aphthous stomati-
tis is only seen on moveable mucosa. However, herpes is 
only found on attached mucosa (DDS, 2019).

Behçet Disease
To diagnose someone with Behçet disease the patient 
will have recurrent aphthous stomatitis. Behçet illness is a 
chronic inflammatory ailment affecting the genitalia, eyes, 
skin, joints, and mucosa of the mouth that has an unclear 
cause. The condition’s defining feature, mucocutaneous 
lesions, typically manifest first. Behçet disease should be 
suspected if oral aphthous ulcerations appear along with 
ulcers in other body areas (Plewa & Chatterjee, 2021). 

Evaluation
When taking a biopsy of an aphthous ulcer, no report will 
be given because the findings are nonspecific. The tissue 
has a hyperkeratotic outer layer and the inner layer, to-
wards the middle, proves that it’s nonspecific. To achieve 
the diagnosis of aphthous ulcers, a clinical diagnosis must 
be done (DDS, 2019). However, when RAS occurs sud-
denly in an adult patient, it is important to rule out other 

possible reasons for recurrent aphthous ulcers in the 
mouth, such as Behçet disease, nutritional deficits, or in-
flammatory bowel disease, and doing additional testing as 
necessary (Plewa & Chatterjee, 2021).

Treatment
Recurrent aphthous stomatitis (RAS) has no established 
cure; instead, treatment aims to keep the lesions under con-
trol as long as possible with the least number of adverse ef-
fects. The degree of pain, the frequency of ulcers, the patient’s 
medical history, and their medication tolerance all have an 
impact on the treatment plan. It is imperative to identify 
and manage any contributing factors that might be caus-
ing aphthous ulcers before starting focused treatment. The 
principal aims during treatment are to mitigate symptoms, 
lessen the intensity of ulcers (both in quantity and dimen-
sions), encourage recovery, and prolong the times without 
illness (Plewa & Chatterjee, 2021). Topical corticosteroids 
and non-steroidal anti-inflammatory drugs (NSAIDs) are 
typically used to treat milder episodes of RAS (Lau & Smith, 
2022). Mouthwash with chlorhexidine and benzydamine is 
an example of a topical corticosteroid. This method aids in 
preventing further bacterial infections. In certain situations, 
a topical tetracycline plus steroid combination may be taken 
into consideration (Plewa & Chatterjee, 2021) .

In cases of extreme severity, particularly when sig-
nificant aphthous ulcers are involved, a brief course of 
systemic steroids, like prednisone, may be recommend-
ed (Lau & Smith, 2022). Systemic steroid use should be 
discouraged for an extended period due to serious side 
effects. Herpetiform ulceration is typically treated in the 
same way as small aphthous ulcers. Topical corticosteroids 
and mouthwash containing chlorhexidine gluconate have 
been demonstrated to lessen the intensity and length of 
aphthous ulcers. They are beneficial in curing and reliev-
ing symptoms, but they don’t always reduce the frequency 
of breakouts. Applying topical corticosteroids during the 
prodromal phase, the initial stage before an episode of 
aphthous ulcers manifests as tingling or burning sensations 
in the patient, may prove to be most beneficial (Plewa & 
Chatterjee, 2021).  It has been suggested that doxycycline, 
a more recent semisynthetic tetracycline, possesses stron-
ger anti-inflammatory and anti-collagenase qualities than 
other tetracyclines. More precisely, it efficiently inhibits the 
gelatinolytic effects of collagenases, suppresses leukocyte 
activity and prostaglandin production, and downregulates 
matrix metalloproteinase collagenase, an interstitial colla-
genase that is believed to be crucial for tissue destruction 
events in RAS. Based on the current systematic review and 
meta-analysis, we can conclude that, in patients with RAS, a 
single topical application of doxycycline shows promise in 
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lowering discomfort and speeding up the healing process, 
within the constraints of the evidence currently available 
(Al-Maweri et al., 2020).

Conclusion
Recurrent aphthous stomatitis (RAS) is a complicated and 
multidimensional oral mucosal disease with a wide range 
of clinical symptoms. The precise cause of RAS is still un-
known after a great deal of research. However, the causes 
seem to be a result of a mix of environmental influences, 
immune system dysregulation, and genetic predisposition. 
Different demographics have different rates of RAS de-
pending on characteristics related to geography, age, and 
gender. The presentation of RAS is made more complex 
by the division of the condition into minor, major, and 
herpetiform subtypes, each of which has unique traits and 
clinical symptoms. Accurate diagnosis and effective care 
depend on the lesion being distinguished from other oral 
lesions, such as herpes simplex virus infections, Behçet’s 
illness, and nutritional deficiencies.

Family-based research has demonstrated the heredi-
tary predisposition of RAS, which highlights the signifi-
cance of genetics in its pathogenesis. Finding certain ge-
netic variants, especially in the HLA system, sheds light 
on the heritability of RAS and how it is connected to 
various ethnic groups. Even though treatment options 
try to lessen symptoms, encourage healing, and lower 
the frequency of recurrences, the fact that there isn’t a 
permanent cure emphasizes the need for more investi-
gation into the underlying causes of RAS. Targeted ther-
apeutics may become possible as a result of new insights 
into the genetic basis of RAS provided by genome-wide 
association studies and molecular biology advancements. 
In addition to looking for efficient treatments, research-
ers are also working to gain a better understanding of 
the genetic, immunologic, and environmental factors that 
contribute to RAS. With more research, a more thorough 
and sophisticated method of treating RAS might become 
apparent, offering comfort to individuals afflicted by this 
common yet mysterious oral mucosal ailment.
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Abstract
Cystic fibrosis is a genetic disease with over 2,000 reported mutation varieties. It affects a chloride channel called CFTR, which by 
the transmembrane transport of chlorine, maintains an apical membrane electrolyte equilibrium in luminal epithelial cells. Its mal-
function results in cystic fibrosis which causes excess mucus in various organs and is associated with respiratory complications and 
salty sweat. Treatment of cystic fibrosis has primarily taken two approaches: a mutation-specific method, targeted at a particular 
mutation to restore its function, and a mutation-non-specific method, which modulates intracellular barriers to CFTR trafficking 
or cellular repression of mutant protein function. This paper presents a review of the literature on the strengths and weaknesses 
of the most prevalent therapies for cystic fibrosis. It seeks to assess whether either approach, targeting or modulating, holds more 
significance and should therefore be emphasized in future research. The review concludes that despite the recent advancement 
and success of targeted therapies, there is good reason to continue research in both targeting and modulating therapies because 
they can complement each other and help increase availability while also lowering drug costs.

Targeting vs. Modulating: How to Confront Variation  
in Cystic Fibrosis?
Yechiel Muller
Yechiel Muller will graduate with a Bachelor of Science degree in Honors Biology in June 2024.

Introduction
Cystic fibrosis8 (CF) is a genetic, autosomal recessive dis-
ease that affects an estimated 100,000 people worldwide 
(Regard et al., 2022). It targets the lungs, pancreas, intes-
tinal tract, liver, and reproductive organs by filling them 
with mucus and congesting them. Though once considered 
a pediatric condition with a life expectancy of around six 
months, people with CF now have a median life expectancy 
of over 50 years and can lead fairly normal lives (Bell et 
al., 2019). This is largely due to the development of med-
ications and the improvement of healthcare. However, 
continuous research is needed since CF is a complicated 
condition that affects individuals differently. There are many 
CF mutation variants and a range of phenotypes because of 
them (Cutting, 2015).  This greatly complicates care since 
treatment options can be exclusive to specific CF cohorts 
and incompatible with others.

CF was first defined in 1938 as a condition of ex-
cess mucus clogging various organs (Davis, 2006). Then, 
during a heat wave in 1948, New York pediatrician Pual di 
Sant’Agnese, observed many infants with CF come to the 
emergency room with abnormal sweating and correlated 
the two. He discovered that CF patients had sweat chlo-
ride concentrations fivefold that of normal people and thus 
rendered the sweat test the method for diagnosing CF (di 
Sant’Agnese et al., 1953). His discovery of “salty sweat” in 
CF patients dispelled the presumption that CF was primar-
ily about mucus. It established the perspective that electro-
lyte transport in cells was at the heart of the issue. 

Further research confirmed that chloride transport 
was the primary defect in CF. In 1989, the gene that codes 
for a cAMP-regulated apical membrane chloride channel 
protein called CF transmembrane conductance regulator 
(CFTR), was found to be the CF mutant gene. Its discov-
ery led to a flurry of research into the CF mutation’s 
effects and to the eventual development of treatments 
and therapies. 

The CFTR protein is primarily found on the apical 
membrane of secretory epithelial cells (Lukasiak, Zajac, 
2021). Its function is to transport chlorine into or out of a 

lumen via an electrochemical gradient. It is present in cells 
of the lungs, pancreas, GI tract, vas deferens, and sweat 
glands. In patients with CF, the absence or malfunction of 
CFTR at the plasma membrane blocks the reabsorption 
or release of chlorine by cells. This causes a chemical im-
balance and the buildup of viscous mucus, which in turn 
causes inflammation, infection, and various organ patholo-
gies. It is also the reason why sweat glands don’t reabsorb 
chlorine and produce salty sweat. 

The CFTR protein is structured as an ATP-gated ion 
channel. It has two cytosolic nucleotide-binding sites 
(NBDs) and a regulatory R-domain. The phosphoryla-
tion of the R-domain by kinases determines the affinity 
of CFTR for phosphorylating ATP and its permeability to 
chlorine. Notably, some CF mutations are seen at the ATP 
binding sites. 

The production, trafficking, and maintenance of CFTR 
are important processes to understand for treating CF 
(fig. 1). On chromosome seven, the CFTR gene encodes 
its 1,480 amino-acid protein. Normally, the nascent CFTR 
protein follows a path to the plasma membrane beginning 
in the endoplasmic reticulum (ER). In the ER, core sugars 
are attached to stabilize the molecule. Also hosted by the 
ER are proteases, waiting to destroy any misfolded pro-
teins (Ameen et al., 2007). The protein is then trafficked 
to the Golgi apparatus where the sugars are modified. 
The CFTR protein is then sent to the plasma membrane 
to function. Even at the plasma membrane, unstable 
CFTRs are not safe since they will have shorter half-lives 
and can be degraded in endocytic recycling. Because of 
the cell’s rigorous checks on CFTR, mutant versions have 
a slim chance of surviving to functionally transport chlo-
rine through the plasma membrane. Some popular CF 
drugs have tried to circumvent these issues, as we will 
now describe.  

It is critical to understand that CF is a disease that 
has many variations. Over 2,000 different mutations 
have been reported for the CFTR gene (Cystic Fibrosis 
Mutation Database, 2011). To categorize the numerous 
versions of CF, scientists have sorted them into six classes 
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of functional impact (Ratjen et al., 2015). It has been found 
that nearly 90% of all CF cases contain at least a single 
copy of the Phe508del CFTR mutation, a class II mutation 
(Cystic Fibrosis Foundation Report, 2021). Because of the 
Phe508del CFTR mutation’s prevalence, it has been the 
focus of CF drug therapies for many years. 

Class II mutations are CFTR trafficking defects (fig. 2). 
When they are present, the manufactured CFTR protein 

is misfolded. Because of this, it cannot traffic past the ER 
and is degraded by proteases. Because the proteins are de-
graded at the ER, very few CFTR molecules make it to the 
plasma membrane. If any CFTR molecules do manage to 
travel through the cell, they are unstable and not fully func-
tional. The lack of functioning CFTR channels at the plasma 
membrane makes it impermeable to chlorine and creates 
the transmembrane electrolyte imbalance typical of CF.

Originally, to combat the CFTR mutation, two types 
of drugs were contemplated: correctors and potentia-
tors. These drugs are targeted at specific mutations of 
the CFTR gene and therefore are only effective in cer-
tain cohorts. To improve and expand their effectiveness, 
combinations of these drugs have been used with added 
success. Still, the scope of patients who are eligible to 
benefit from these drugs is limited.

Correctors and potentiators work in different ways to 
help patients with CF. Correctors are a class of drugs that, 
as their name implies - correct mutations. Correctors 
need to be tailored to a specific mutation so that they can 
repair it. For example, a corrector targeted at Phe508del 
enables the protein to fold properly so it can proceed 
past the ER and travel to the cell surface. 

Potentiators, on the other hand, work to increase the 
efficiency of the rare mutant CFTR proteins that make it 
to the plasma membrane. Because it is difficult for a mutant 
protein to arrive at the plasma membrane and because 
those that do are often functionally deficient, improving 
their ability and giving them more potential can minimize 
the negative effects. Since different mutations affect dif-
ferent parts of the CFTR protein, potentiators also need 
to be tailored to a specific mutation. Drugs like Ivacaftor, 
Lumacaftor, and recently Elexacaftor and Tezacaftor, all fall 
into the corrector/potentiator classes of drugs. 

More recently, a new methodology for treatment 
has emerged. These are so-called modulator therapies. 

Figure 1: Schematic diagram of CFTR processing. (a) Translation.(b) 
Post-translational folding in the ER. (c)ER-associated degradation. (d) 
Acquirement of cell type-specific carbohydrates in the Golgi. (e) CFTR 
trafficking. (f) Endocytosis. (g) Recycling.(h) Degradation. Reproduced 
from Cystic Fibrosis, Third Edition, Hodson et al., Page 51, Figure 3.2, 
Copyright (2007), with permission from Taylor & Francis.

Figure 2: Schematic representation of CFTR (CF transmembrane conductance regulator) mutation classes. Reproduced from open access 
(Strub, McCray, 2020).
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Modulators are different from correctors or potentiators 
as they are not specific to any single gene mutation. This is 
because modulators work by altering the cell environment 
as opposed to trying to fix or enhance the protein itself. By 
altering the cell environment, modulators effectively make 
the cell more friendly towards trafficking imperfect pro-
teins. In this way, mutant proteins that typically might get 
stuck or destroyed before making it to the cell surface can 
now arrive there and function to some degree. 

In this paper, we will examine the effectiveness of the 
more common corrector and potentiator drugs and 
compare them with modulator therapies that have been 
theorized. By weighing the pros and cons of each type of 
therapy we will determine what to emphasize in further 
research. 

Methods
PubMed and Google Scholar search engines were used 
to research scientific literature for this paper. All litera-
ture referenced is from acknowledged scientific sources 
including prevalent science organizations and journals. 
Keywords used: cystic fibrosis, CFTR, correctors, poten-
tiators, modulators.

Discussion 
Ivacaftor
No discussion on CF therapies would be complete 
without talking about Ivacaftor - the first major drug ap-
proved for treating CF (Cystic Fibrosis Foundation, 2020). 
Ivacaftor is a potentiator designed for CF patients with at 
least one copy of the missense gating mutation G551D. 
Although only about 4-5% of cases of CF have this muta-
tion (Cystic Fibrosis Foundation Report, 2020), ivacaftor 
is perhaps the most ubiquitous drug on the market due 
to its combination with other drugs and its use in patients 
with other gating mutations dol lll).
The CFTR protein is a channel with two nucleotide-bind-
ing domains (NBD1 and NBD2) that control channel gat-
ing (fig. 3). This is accomplished through the binding and 
hydrolysis of ATP. The CFTR molecule’s two NBDs fold 
into ATP binding pockets (ABP1 and ABP2) and sandwich 
the ATP molecules. It has been shown that the two ABPs 
have different roles (Zhou et al., 2006). While ABP2 al-
lows for the opening of the CFTR channel, ABP1 stabilizes 
the channel gate when it is already open. 

Research done in 2007 determined that the G551D 
mutation affects the ABP2 site, making it virtually un-
responsive to ATP (Bompadre et al., 2007). In the pres-
ence of ATP, G551D-CFTR has about a 100-fold lower 
probability of opening, compared with WT-CFTR (wild 
type). However, experiments showed that there was still 

some minimal channel gating activity observed in G551D-
CFTR. This was hypothesized to be due to random, ATP-
independent openings, which were also observed in WT-
CFTR in the absence of ATP.

Because of this observation, it was thought that if ABP1 
alone bound ATP, even when the ABP2 site was non-func-
tioning, it would stabilize the channel gate during ATP-
independent openings and increase the time open for 
chlorine flow through the channel. A study using P-ATP 
(analog ATP: N6 -(2-phenylethyl)-ATP) then confirmed 
that indeed, ABP1, on its own, increased the channel gate 
open time (Bompadre et al., 2008). In turn, this confirma-
tion indicated that the ABP1 site was the perfect target 
for a CFTR potentiator for the G551D-CFTR defective 
gating mutation. 

The drug ivacaftor was designed as a potentiator that 
targets the G551D-CFTR gating mutation. In a study con-
ducted in 2011, the drug was tested in a phase 3 trial 
with people who had at least one G551D-CFTR muta-
tion (Ramsey et al., 2011). In addition to sweat chloride, 
the results were measured by the change in predicted 
forced expiratory volume (FEV) in one second, which 
is the amount of breath one can exhale in that amount 
of time. Since CF greatly affects the lungs, an increase in 
predicted FEV would indicate a successful drug. The study 
found that after taking ivacaftor for 48 weeks, the G551D 
cohort saw a 10.5% increase from the baseline FEV, with 
the first effects being seen on day 12. Additionally, sweat 
chloride levels decreased from the baseline to -48.1 
mmol/liter. It was also reported that CF patients gained 
weight during this period and that there was an overall 
decrease in respiratory symptoms which are generally 
common in CF. 

Although ivacaftor was designed for G551D-CFTR, 
other studies have shown that it can work for other gating 
mutations (class lll) as well. One study tested the in vitro 
effects of ivacaftor on different gating mutations including 

Figure 3: Cartoon illustrating how ATP binding and subsequent 
hydrolysis could lead to channel opening and flux of chloride ions. 
Reproduced from open access (Meng et al., 2017).
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G178R, S549N, S549R, G551S, G970R, G1244E, S1251N, 
S1255P, and G1349D. Incredibly, in all these mutations, 
ivacaftor had a similar positive effect as compared with 
G551D (Yu et al., 2012). Comparable results were shown 
in other studies (De Boek et al., 2014; Rosenfeld et al., 
2018; Rowe et al., 2014).  This study showed that ivacaftor 
did not need to be restricted to one mutation and that it 
could be effective for an entire class of CF. This later trans-
lated into ivacaftor being used in combination with other 
drugs for mutations that are even more common, such as 
in Phe508del, an entirely different class of CF (class ll).

Although ivacaftor was a significant step forward in CF 
drug therapies, it had a very limited impact when used 
as an isolated drug. Foremost, class lll mutations (gating 
mutations) only account for about 6% of CF incidence 
(Cystic Fibrosis Foundation, 2017). Though considerable 
in terms of the thousands of possible CF mutations, it is a 
very small proportion overall. Indeed, only 2,600 patients 
globally were eligible for ivacaftor treatment when it was 
first approved (Hollis et al., 2019). Furthermore, the drug 
is prohibitively expensive, costing close to $300,000 an-
nually for treatment - something quite common for drugs 
with such limited eligibility. 

Lumacaftor
Lumacaftor is a drug that acts as a corrector. It is often 
paired with ivacaftor in treatment and is rarely studied as 
an independent drug. Unlike potentiators which strengthen 
CFTR channels already at the plasma membrane, correc-
tors work to repair CFTR molecules so that they aren’t 
degraded before reaching the plasma membrane or dis-
carded in endocytic recycling. An inherent characteristic of 
a corrector drug is that it is specific to a mutation because 
every mutation has a unique molecular phenotype. While 
there are many CF mutations a drug might attempt to tar-
get, lumacaftor is a corrector for the Phe508del mutation, 
which is easily the most common cause of CF. 

The Phe508del mutation is a class ll mutation that is 
characterized by improper folding of the CFTR protein. 
Improper folding results in the protein being degraded at 
the ER, resulting in a diminishment of CFTR at the plasma 
membrane. Even though Phe508del-CFTR is a class ll mu-
tation, sparing amounts of the mutant channels make it to 
the plasma membrane. However, once at the membrane, 
these few survivors exhibit gating malfunctions, something 
characteristic of class lll mutations (Dalemans et al., 1991). 

The misfolding seen in Phe508del-CFTR is due to a 
defect in the NBD1 segment of the molecule. The defect 
in NBD1 somehow causes the molecule to be kineti-
cally, and at normal body temperature, thermodynam-
ically unstable which results in faulty folding (Rabeh et 

al., 2012). It is unclear how Phen508del causes NBD1 
to become destabilized. Also uncertain, is precisely how 
corrector drugs like lumacaftor help the mutant pro-
teins. A key question is whether lumacaftor (and other 
correctors) restore the misfolded protein to their nor-
mal structure or rather stabilize the misfolded protein 
in its faulty configuration. Research seems to suggest 
the latter (Fiedorczuk, Chen, 2022). It was found that 
lumacaftor (and tezacaftor – discussed next) did not 
alter the overall structure of the CFTR molecule and 
seemed to only interact with TMD1, the transmembrane 
segment near NBD1.

Most studies pair lumacaftor with ivacaftor and ex-
amine their effects together. In a study with a popula-
tion of more than 1,000 and over the span of one year, 
lumacaftor/ivacaftor was shown to have significant results 
for various clinical endpoints (Wainwright et al., 2015). 
Improved FEV was seen in as little as 15 days and was 
maintained throughout the study (24 weeks). The results 
showed a mean absolute change of FEV between 2.6 
to 4.0 percentage points compared to the placebo. The 
lumacaftor/ivacaftor groups also saw significantly fewer 
pulmonary exacerbations with a 30-39% decrease. The 
study showed that overall hospitalizations and the admin-
istration of intravenous medications were reduced and 
that BMI steadily increased as well. Similar rates of ad-
verse effects were seen in the placebo and study groups.

Although the lumacaftor/ivacaftor findings were sig-
nificant, they were still not as impressive as the numbers 
seen in ivacaftor monotherapy for G551. This can pos-
sibly be attributed to the fact that ivacaftor potentiates 
G551D-CFTR that already exists at the plasma mem-
brane, while lumacaftor must first work to traffic the 
Phe508del-CFTR to the membrane before the CFTR 
can even attempt to function. Though lumacaftor/iva-
caftor is available to a much larger group than ivacaftor 
alone, it remains well on par regarding cost, with a year 
of treatment of lumacaftor/ivacaftor priced at approxi-
mately $379,000.

Notably, although we have said that lumacaftor is a 
corrector, some studies have suggested that lumacaftor 
also exhibits potentiator characteristics. In a study, it 
was found that in addition to aiding in the proper fold-
ing of mutant-CFTR, some correctors like lumacaftor 
also bound rescued Phe508del-CFTR and increased their 
function (Eckford et al., 2014). 

Trikafta
In October of 2019, a new combination of drugs came to 
market with better results than lumacaftor/ivacaftor ther-
apy (Comegna et al., 2021). Trikafta combines ivacaftor, 
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tezacaftor (an improved version of lumacaftor), and elex-
acaftor (another corrector) in a drug that treats people 
with at least one Phe508del-CFTR mutation. This drug is 
monumental in terms of its widespread applicability. This 
new triple combo is open to variations of CF, including 
heterozygous for Phe508del with another minimal func-
tion mutation, or homozygous Phe508del-CFTR. The in-
troduction of Trikafta means that now approximately 90% 
of CF cases are candidates to benefit from some kind of 
drug therapy (Ridley et al., 2020).

A study with close to 500 participants, over a fol-
low-up period of six months, looked at the effects of 
Trikafta for different sub-cohorts including those that 
previously took ivacaftor, the lumacaftor/ivacaftor com-
bination, or neither (these sub-cohorts were a result of 
different gene mutations) (Nichols et al., 2022). The study 
found that overall, across all subgroups, the change in FEV 
was an average of 9.8% - a much greater result than the 
lumacaftor/ivacaftor combination. For those who had not 
previously been using any drug therapy, the difference was 
10.8% from baseline. In addition to FEV, a positive change 
was seen in sweat chloride levels as well as BMI. The study 
mentions that the sub-cohort that had previously been 
taking ivacaftor monotherapy (meaning for the G551D 
mutation) saw a smaller, though still substantial, change 
than the other sub-cohorts. 

The Trikafta drug is certainly a large step forward for 
many cases of CF. Perhaps its most significant attribute 
is that it has been approved for patients who are het-
erozygous for Phe508del (ivacaftor/lumacaftor was only 
approved for homozygous Phe508del). However, despite 
the wider eligibility for Trikafta, the price remains high at 
over $250,000 (Tice et al., 2020). This high price limits its 
availability, and according to a report from The Journal of 
Cystic Fibrosis, just 12% of eligible CF patients receive it 
(Guo et al., 2022a). Though the price of manufacturing 
the drug has been estimated at around $5,700 (Guo et 
al., 2022b), the huge markup is typical of the pricing trend 
for personalized medication for unique genetic diseases 
(Balfour-Lynn, 2014). 

Modulators
Because modulators do not constitute any major drug 
currently in use, we can only review the fundamental 
attributes of modulators and the types that are being 
proposed. For clarification, some research studies refer 
to correctors and potentiators (such as ivacaftor and 
lumacaftor) as “modulators”. However, in the context of 
this paper, “modulators” refer to drug therapies that are 
unspecific to a gene mutation and focus on modulating 
the cell environment. 

The idea of a modulator is to bypass the issue of vari-
ation between the thousands of genotype mutations for 
a disease. This is done by modulating a stage in a cellular 
pathway that influences more than one phenotype of a 
disease with the aim of it being a more universal solu-
tion. Approaches to modulating the cellular environment 
include remedying the protease pathway, the use of alter-
native ion channels, and tempering endocytic recycling. 
All of these are points within a cell that will affect many 
CFTR phenotypes. 

While doing research for this paper it became clear 
that unfortunately, very few ideas meet the criteria for 
modulators as described above. Virtually every point 
throughout the cellular environment is more specific 
than one might expect. 

The Protease Pathway
A protease pathway that has been shown to prevent 
CFTR trafficking is a system called endoplasmic re-
ticulum-associated degradation (ERAD) (Estabrooks, 
Brodsky, 2020). This system functions at the ER to de-
grade misfolded proteins. In theory, a modulator would 
attempt to suppress this system and allow for minimally 
functional mutant-CFTR to continue trafficking to the 
permeable membrane (El Khouri et al., 2013; McKelvey et 
al., 2020). Unfortunately, however, carrying this out is not 
so straightforward.

The way premature CFTR passes through the ER is 
complex. When the nascent CFTR molecule comes 
to the ER it is an unstable and partially folded protein. 
Upon arrival, the molecule must be monitored by protein 
quality control (PQC) factors which decide whether to 
allow the unfinished CFTR protein passage or send it for 
degradation. This is accomplished by numerous molecular 
chaperones conjugating to different regions of the unsta-
ble CFTR protein. These different chaperones all stabilize 
the CFTR molecule. However, some of them promote 
folding and maturation while others recruit additional 
molecular add-ons that mark the molecule for degrada-
tion. Essentially, the net effect of the different types of 
chaperones determines the molecule’s fate. 

The complexity of this system is significant since there 
are many different chaperones and PQC machinery that 
interact with the molecule in different stages. While the 
process begins with heat shock proteins attaching to the 
CFTR, it then binds more chaperones when some of the 
heat shock proteins prompt the molecule into new fold-
ing conformations. At each level, there are PQC proteins 
that are pro-folding and pro-degradation and sometimes 
one can inhibit the other. Critically, for each CFTR variant, 
the varieties of chaperones that bind to the molecule may 



26

Yechiel Muller

be unique. Essentially, trying to suppress ERAD for CF 
might be as specific a task as some of the correctors and 
potentiators drugs attempt.  

Alternative Ion Transport Pathways
Another idea for modulating is the use of alternative 
pathways for chloride transport through the permeable 
membrane. With this strategy, even CF cases with CFTR 
mutations that are not currently amenable to specific 
drugs can be treated. One idea on how to achieve this 
is to use a calcium-activated chloride channel called 
TMEM16A (Mall, Galietta, 2015). 

The TMEM16A channel has been shown to express in 
the mucus-secreting goblet cells and cells in the bronchi. 
They appear to function as rapid adaption channels that 
are stimulated for a few minutes by high levels of calcium 
(Li et al., 2017). Conveniently, these channels are found 
in mucus-secreting cells which are a major source of 
difficulty in CF. They provide an opportunity for induced 
chlorine transport with a drug that targets TMEM16A. By 
overcoming some of the chlorine/electrolyte imbalance 
typical of CF, we can reduce the amount of mucus secret-
ed and prevent infection and respiratory issues. 

A different alternative chloride transport pathway for 
consideration is the use of ionophores (Quesada, Dutzler, 
2020). Ionophores work by creating supramolecular li-
pophilic structures around an ion allowing it to diffuse 
across a cell’s lipid membrane. Very few ionophores (or 
anionophores in the case of anions) are produced in na-
ture, necessitating synthetic ionophores to be developed. 
In the case of CF, ionophores can potentially aid trapped 
chlorine molecules to cross through the membrane and 
restore some electrolyte balance. Unlike the TMEM16A 
channel, using ionophores evades the use of a channel 
altogether and can potentially be a source of therapy for 
CF patients who are unresponsive to other CF drugs.

Endocytic Recycling
Endocytic recycling is a key process in ensuring that dam-
aged or malfunctioning cellular machinery is disposed of. 
It is also a major reason why mutant CFTR, even when 
they succeed in arriving at the cell surface, are mostly 
ineffective. The endocytic recycling pathway works using 
ubiquitination. Ubiquitination is a state where a protein 
has a ubiquitin marker conjugated to it. The endocytic 
recycling pathway uses ubiquitin to mark a molecule for 
destruction. Unless a molecule is deubiquitinated by a 
deubiquitinating enzyme (DUB) it will be sent to a lyso-
some for degradation (Sharma et al., 2004). For healthy 
cells, more than 75% of wild-type CFTR is deubiquitinat-
ed by DUBs and recycled back to the plasma membrane 

(Bomberger et al., 2010). However, mutant proteins are 
often not deubiquitinated and are therefore not recycled. 

Research into the DUB specific for CFTR yielded a 
protein called USP10, indicating that USP10 is a significant 
determinant in the degradation process of CFTR. One 
study has shown that vasopressin, an anti-diuretic, can 
upregulate USP10 in the cortical kidney (Boulkroun et al., 
2008). Another study found that CFTR channel secretion 
was increased in mice given vasopressin (Chang et al., 
2005). Taken together, these studies indicate that vaso-
pressin may be upregulating USP10 and that USP10 may 
be a suitable target to help recycle more CFTR which will 
be favorable in CF (Bhattacharya et al., 2020).

Analysis
In writing this paper, it was purported that either target-
ing or modulating drugs should be emphasized in CF re-
search. However, after a review of the literature, it seems 
that neither of the two approaches is superior. 

Foremost, we must recognize that most research cov-
ering potential therapies for CF is relatively current. This 
is the case for the newly approved mutation-specific cor-
rectors and potentiators like ivacaftor, lumacaftor, and tri-
kafta. While there has been considerable success in large 
studies over periods as long as one year, it remains to be 
seen how patients who take these medications for years 
on end will fare. It is projected that they will indeed en-
able CF patients to live longer, healthier lives, but this has 
not yet been experienced and we do not know what new 
complications may arise for CF patients who live longer. 

As mentioned earlier, trikafta truly seems to be the 
miracle drug that many waited for. Yet its high price makes 
it controversial. Though its cost may eventually go down, 
it is clear that the current lack of alternative options per-
mits its exorbitant cost. For this reason, it would seem 
that modulators have a void to fill in providing relief to a 
larger group of CF patients and helping drive down the 
price of drugs like trikafta. 

Unfortunately, research into modulating therapies 
seems more theoretical than practical. There is currently 
no modulator therapy approved for use. With the debut of 
trikafta in 2019, it appeared that the crux of the CF issue 
has been solved with this mutation-specific drug. However, 
this is not the case a) because of the numerous other CF 
mutations that remain untreatable and b) because the 
price of this exclusive drug makes it unattainable for many. 

Modulators are ideal because they are intended to be a 
universally applicable treatment. Theoretically, because they 
are not mutation-specific and instead inhibit or upregulate 
certain cellular machinery or pathways, they can be used 
to treat the cellular barriers encountered by mutant CFTR 
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rather than repairing mutations themselves. Because they 
are a more general form of treatment, they should cost 
less and should be available to a larger cohort of patients. 

The reality is, however, that some modulator therapies 
turn out to be highly specific themselves. For example, in 
the protease pathway, depending on the mutation, different 
chaperones conjugate themselves to CFTR to promote 
folding or degradation. This means that suppressing this 
process can require a different drug for different CFTR 
mutations. 

While current considerations indicate that for now 
CF will remain an expensive disease to treat, there are 
good reasons for continued research in both targeting 
and modulating therapies. 

At present, mutation-specific therapies, even when 
economical to manufacture, run exorbitant prices due 
to their small market and the enormous investments 
required to develop them. However, as pharmaceutical 
technology evolves, developing mutation-specific thera-
py will be more streamlined and efficient, and therefore 
cheaper. The eligibility of trikafta for many CF patients 
indicates that mutation-targeted drugs are effective and 
should continue to be pursued and improved. Though 
prohibitive costs make it unattainable for many, the suc-
cess of the drug cannot be ignored, and with time it will 
hopefully become more available. 

Nonetheless, modulators should not be overlooked. 
Their availability would likely help decrease the cost of 
mutation-specific therapies and would affect a wider co-
hort of CF patients. An advantage of modulators, even 
those that may be specific to certain CF mutations, is that 
they can potentially be used outside of CF for other dis-
eases, broadening their market and making them cheaper. 
Furthermore, as stated earlier, we have not yet seen what 
complications may arise with the long-term use of tar-
geted drugs like trikafta. The supplementation of these 
targeted drugs with other modulators may turn out to be 
a preferable route or they may serve as an enhancement 
to these therapies. 

Conclusion
In conclusion, there is good reason to say that both tar-
geting and modulating therapies have a place in CF treat-
ment. Research should not be hindered by the success 
of current drugs like ivacaftor or trikafta since there is 
more to be achieved in treatment efficacy, in reducing 
costs, and in increasing availability. With the help of G-d 
and diligent scientific research, CF patients will have a 
variety of therapy options available, enabling them to live 
reasonably healthy and overall normal lives.
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Abstract
Electronic cigarettes, which became available for purchase in the United States in 2007, were initially touted as a harmless aid 
for smoking cessation. However, recent research into the impact of electronic cigarettes on the human body has shown potential 
deleterious effects. This paper aims to examine the effects electronic cigarette usage has on the oral cavity. The methods to 
compile research involved reading through many peer-reviewed articles to analyze the most current information on the topic. The 
findings indicate several potentially adverse effects on the oral cavity including oral cancer, periodontitis, dental caries, xerostomia, 
facial fractures, failed dental implants, and oral lesions. The research was highly suggestive, and additional time will be needed to 
form definite conclusions.

The Effects of Electronic Cigarettes on the Oral Cavity
Batsheva Saposh
Batsheva Saposh will graduate in June 2024 with a Bachelor of Science degree in Biology and will be attending 
Touro University College of Dentistry beginning in July 2024.

Introduction
Electronic cigarettes (EC) are perceived as less harmful and 
toxic than conventional cigarettes. People use them as an 
electronic nicotine delivery system to wean off their addic-
tion to conventional cigarettes. Nevertheless, recent studies 
have focused on the fact that ECs have toxic effects on the 
body including specific effects on the oral cavity. Research 
has shown a causal relationship between the use of ECs and 
dental caries, periodontitis, oral cancer, and other problems. 
While ECs may arguably offer certain benefits as a tempo-
rary smoking cessation device, vaping certainly should not 
be viewed as a harmless recreational indulgence. 

Electronic cigarettes, which became available for purchase 
in 2005, are handheld devices composed of a container filled 
with a highly volatile liquid that is connected to a battery. 
When the battery is powered, an electric current is gener-
ated heating the container causing a vapor to form which is 
then inhaled by the user. Components of these liquids often 
include nicotine, flavorings, propylene glycols, and vegetable 
glycerin. 

E-cigarettes are gaining popularity amongst all 
ages in America. In 2014 the Federal Emergency 
Management Agency reported that there were over 
2.5 million users in the United States and as of 2023, 
4.5% of America’s adult population consumed ECs.  
The lack of research on the negative effects that ECs 
have on the body, and the general perception that 
they are safe, contributed to the rise in popularity.

Methods
This review of the effects that ECs have on the oral cav-
ity is based on peer-reviewed papers found in the Touro 
University’s Library database, EBSCO, PubMed database, 
and Google Scholar as well as additional sources. Key 
search terms included “effects of electronic cigarettes on 
the oral cavity”, “prevalence of electronic cigarette usage”, 
and “comparison of electronic cigarettes to conventional 
cigarettes”. 

Discussion  
Prevalence and Usage
ECs are popular amongst many different populations and 
ages. According to the CDC, about 4.5% of the American 

population ages 18 and above are EC users with the high-
est prevalence being among adults between the ages of 
18-24 (Kramarow and Elgaddal, 2023). The National Youth 
Tobacco Survey from 2022-2023 found that 10% (1.56 
million) of high school students and 4.6% (550,000) of 
middle school students were currently using ECs. More 
than 25% of youth consumers reported EC usage as a 
daily occurrence. 

Conventional Cigarettes
The negative effects of conventional cigarettes on the oral 
cavity are well-known and documented. Conventional 
cigarette smokers were found to have an increased pres-
ence of precancerous oral lesions and are at a greater 
risk of developing a variety of oral cancers such as tongue, 
lip, gingiva, and alveolar ridge. Furthermore, convention-
al cigarette smokers are likely to develop some form of 
periodontitis, infected root canals, dental caries, halitosis, 
and peri-implantitis. Additionally, conventional cigarette 
smoking is highly addictive due to the presence of tobac-
co therefore making it difficult for smokers to quit even if 
they are beginning to experience harmful effects (Ozturk, 
et. al. 2017).

E-cigarettes  
Toxic Chemicals
As of 2018, there were over 10,000 e-liquid formulations 
available on the market (Zhu, et. al. 2014). All these formu-
lations contain numerous chemicals including carcinogens 
such as formaldehyde, acetaldehydes, and nitrosamines 
(Goniewicz, et al. 2013). Diacetyl and acetyl propionyl are 
added to many EC liquids as well. These chemicals are 
known to cause bronchiolitis obliterans also known as 
‘popcorn lung’ disease, which causes obstructions in the 
small airways of the lungs (Allen, et. al. 2016). Acrolein, 
another component of EC liquid, has been proven to be 
involved in the cross-linking of DNA and has also been 
shown to inhibit cytochrome P450 enzymes, which play a 
crucial role in cellular metabolism and the detoxification 
of xenobiotics (Park, et. al 2018, Ebersole et al., 2020).

Flavorings are one of the more appealing character-
istics of ECs, and on the surface are seemingly innocent. 
Nevertheless, they too can cause damage. One flavoring 
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that was found to be particularly harmful to the body is 
cinnamon. Cinnamaldehyde has been found to act as an 
immunosuppressant. Instances of oxidative stress, cytotox-
icity, and inflammation linked to the use of cinnamaldehyde 
have been documented as well (Ebersole et al., 2020). 

In addition to the harmful chemicals found in e-liquids, 
there are toxic compounds that can form during EC use. 
These compounds include metals, carbonyls, and reactive 
oxidative species(ROS) (Olmedo, et. al. 2018). During 
the vaping process, the heating element of the EC can 
reach temperatures anywhere between 100 to 300 de-
grees Celsius. These high temperatures can facilitate the 
transfer of heavy metals such as nickel, chromium, cad-
mium, and lead from the device to the liquid (Gaur and 
Agnihorti, 2018). Carbonyls, such as α, and β-unsaturated 
aldehydes have been shown to induce oxidative stress, 
which may lead to pulmonary, cardiovascular, and oral dis-
eases. Hydroxyl radicals, a very destructive ROS given off 
by an EC, can cause damage to DNA, proteins, and lipids 
(Ebersole et al., 2020). Furthermore, the breakdown of 
the wick material in the EC can lead to the presence of 
arsenic and silica which are known to have both carcino-
genic and non-carcinogenic effects on many of the body’s 
systems (Hong et al., 2014, Bishop et al., 2019, Williams, 
Monique, et al., 2013).

The direct effects on the oral cavity come from nu-
merous chemicals. Studies on rats have demonstrated 
that formaldehyde disrupted the functions of the peri-
odontium, including the alveolar bone, leading to collagen 
fiber degeneration (Laçin et al., 2018). Menthol has been 
found to have a negative impact on periodontal ligament 
fibroblasts (Willershausen et al., 2013). Damage to both 
the alveolar bone and periodontal ligaments will loosen 
the support for the teeth, causing potential tooth loss. 
Heavy metals can cause periodontitis, oral cancer, and 
inflammation (Bishop et al., 2019). 

Nicotine content in ECs can vary greatly; one e-liq-
uid cartridge can contain anywhere from 3 to 36 mg/
ml. For comparative purposes smoking one conventional 
cigarette is comparable to approximately fifteen puffs of 
an EC. Those fifteen puffs of an average EC will release 
0.025 – 0.77 mg of nicotine. This is lower than the aver-
age nicotine consumption from one CC which can range 
between 1.54 – 2.60 mg. Despite the fact that the nico-
tine levels are significantly lower in an EC, they can still 
have harmful effects on the body. In addition, it is worth 
pointing out that testing done on several e-liquid brands 
showed traces of nicotine in EC cartridges that claimed 
to have no nicotine in the liquid (Goniewicz et al., 2012,  
Kesimer, 2019). Nicotine is an addictive and carcinogenic 
substance. When introduced to the body it reacts with 

acetylcholine receptors and stimulates the release of 
dopamine. Dopamine when released alters an individual’s 
mood and produces a temporary good feeling. After this 
feeling wears off, many are tempted to inhale more of this 
nicotine, which leads to an addiction to this substance. 
Nicotine acts on many of the body’s systems. It causes 
emphysema, and gastric ulcers and poses an increased 
risk of macular degeneration (Trybek et al., 2018). 

Nicotine also affects the oral cavity in a variety of ways, 
all problematic. It causes caries, discoloration, and tooth 
loss as well as halitosis, stomatitis, candidiasis, and oral 
cancer. Specifically, in the periodontium, it can lead to loss 
of the connective tissue attachment to the alveolar bone 
resulting in periodontal disease (Trybek et al., 2018).  

Oral Cancer
Both nicotine-free and nicotine-containing formulas of ECs 
were tested on the normal epithelial cell line HaCaT and 
two head and neck squamous cell carcinoma cell lines, to 
determine the ability of ECs to induce DNA strand breaks. 
Repeated DNA strand breaks due to long-term EC ex-
posure and dysfunctional repair will generate accumulated 
mutations, and other genomic alterations will lead to the 
development of cancer. The results indicated a significant 
increase in DNA strand breaks, even in the cells induced 
with nicotine-free EC vapor. DNA strand breaks began to 
appear after a mere one week of EC treatment. Cell lines 
treated with EC vapor extract were suspended in the G1 
and G2 phases of mitosis and showed increased apoptosis 
and necrosis (Yu et al., 2016). 

Another study showed that ECs induced behavioral and 
morphological changes in healthy oral keratinocytes. Using 
a variety of normal and tumor cell lines of oral squamous 
cell carcinoma, researchers demonstrated that ECs medi-
ated tumor progression and metastasis by inducing epithe-
lial-to-mesenchymal cell transition, thus enhancing the inva-
sive abilities of this particular kind of cancer. Furthermore, 
ROS are known to promote DNA mutations, which can 
contribute to the survival, proliferation, angiogenesis, inva-
sion, and metastasis of cancer cells. This is all consistent 
with the epithelial-to-mesenchymal transition phenotype 
and may indeed be its cause (Muniz et al., 2023). 

The nickel contained in the nickel-chromium heating 
filaments of ECs can also potentially cause oral cancer. 
Studies done on the effect of nickel in metal dental 
crowns in the mouth showed induced genotoxicity in 
buccal epithelial cells in children (Morán-Martínez et al., 
2013). In addition, a study showed a positive correlation 
between farm soil that contained nickel and an increased 
prevalence of oral cancer in nearby communities (Su et 
al., 2010)
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Periodontitis 
Periodontitis is a bacterial infection resulting from an ex-
cessive inflammatory response. It begins with gingivitis, 
the mild inflammation of the soft tissue that surrounds 
the teeth. It then develops further into periodontitis when 
the condition turns chronic and results in irreversible 
gum inflammation. At this stage, bacteria can penetrate 
deeper into the periodontium. This triggers an immune 
response, and in the process of protecting itself the peri-
odontium can get damaged. This disease, if left untreated, 
will lead to the loss of attachment of the periodontium, 
subsequently leading to alveolar bone loss and potential 
tooth loss. Furthermore, people with periodontitis are 
at a higher risk of developing cardiovascular disease and 
stroke(Gasner and Schure, 2023). 

In an attempt to determine the effects of EC aerosols 
on oral epithelial cells, researchers generated nanoparti-
cles from EC aerosols using a variety of advanced tech-
nologies. The results of cytotoxicity assays and quantita-
tive PCR suggested that these aerosols have components 
that can cause oxidative stress in the oral cavity (Ji et al., 
2016). In response to the inflammation in the gums, ROS 
such as hydrogen peroxide and superoxide are released 
from neutrophils. This results in oxidative stress, an im-
balance between the accumulation of ROS in tissues and 
cells, and the ability of the body to detoxify these prod-
ucts by producing antioxidants. Excessive ROS can induce 
cytotoxic effects on cells by interfering with the cell cycle, 
cause oxidative damage to proteins and DNA, and induce 
apoptosis of gingival fibroblasts. All of this enables the 
ROS to directly cause periodontal tissue damage. ROS 
can also indirectly cause periodontal tissue destruction 
because the species play a role as intracellular signaling 
molecules in the osteoclast activity pathway. Excessive 
osteoclast activity is a typical pathology of periodontitis 
(Kanzaki et al., 2017).

One study on rats showed that formaldehyde disrupts 
the periodontal membrane by reacting with collagen and 
forming toxic hydroxymethyl compounds. These com-
pounds can cause the degradation of collagen fibers that 
surround the alveolar bone, potentially leading to peri-
odontitis (Laçin et al., 2018).

Dental Caries
Dental caries affects 97% of the world population mak-
ing it one of the most infectious diseases in humans. It 
is a complex disease with many different factors that 
contribute to it including host genetics, oral microbiome, 
immune system, diet, oral hygiene, and water fluoridation. 
One way it progresses is due to pathogenic oral bacteria 
such as Streptococcus mutans (S. mutans). These bacteria 

metabolize fermentable carbohydrates (glucose, fructose, 
maltose, sucrose) to produce lactic acid and other or-
ganic acids. The acid diffuses into the tooth enamel and 
dentine, causing demineralization and enamel lesions. The 
saliva acts as a pH buffer system, by providing calcium 
and phosphate ions to aid in the remineralization of these 
lesions. An increased intake of carbohydrates disturbs the 
mouth’s homeostasis and leads to an acidic environment 
beyond the normal saliva buffering capacity, preventing 
it from remineralization of enamel, and thereby causing 
caries (Featherstone, 2008). 

Like conventional cigarette smokers, people who 
smoke ECs seem to be at a greater risk of dental caries. 
The esters in e-liquid flavors including ethyl butyrate, tria-
cetin, and hexyl acetate provide an additional food source 
for S. mutans to flourish in the oral environment. Other 
ingredients in e-liquids interact with enamel and dentine 
in a manner that strongly resembles the effects caused 
by high sucrose candies and highly acidic drinks (Kim et 
al., 2018). 

The viscosity of e-liquid aerosol can cause the enam-
el surface of the teeth to change which can lead to in-
creased adhesion of S. mutans. Surface characteristics 
such as tackiness, roughness, and charge can impact the 
way bacterial cells adhere to enamel, forming a biofilm. S. 
mutans in biofilm can rapidly metabolize carbohydrates 
leading to an increase in enamel demineralization (Kim et 
al., 2018), (Ebersole et al., 2020). 

Xerostomia 
Xerostomia, also known as dry mouth, is a condition in 
which the salivary glands cannot produce enough saliva 
to keep the mouth wet. The lack of saliva can lead to 
discomfort while swallowing, chewing, and speaking. In ad-
dition, it can lead to oral candidiasis, gingivitis, and dental 
caries (Sapru et al., 2020). The prevalence of this condi-
tion was found to be about 11% higher in EC users than 
in conventional cigarette consumers (Guo et al., 2023), 
probably due to the propylene glycol found in the e-liquid. 
Propylene glycol is a humectant that utilizes the moisture 
from the oral environment to convert it into vapor, leav-
ing the user with a dryer mouth. 

Facial Fractures
Although rare, ECs have been known to explode because 
of the proximity of the heating elements to an improperly 
insulated lithium-ion battery and the highly volatile liquid. 
This can cause facial fractures, especially in the oral cavity. 
In one case in Canada, an 18-year-old had oral burns, oral 
lacerations, tooth fractures, and tooth avulsion from an 
EC explosion (Rogér et al., 2016). Fifteen adolescents in 
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the western United States sustained similar traumatic in-
juries which included the loss of multiple teeth, mandible 
fractures, and incisor fractures (Russell et al., 2022). 

Dental Implants
When a person loses a tooth to injury or disease, in ad-
dition to the aesthetic implications, he or she can expe-
rience complications such as defective speech and rapid 
bone loss. Implant dentistry offers solutions to these 
problems; the implant can replace a missing tooth or en-
tire arches. The implant consists of an implant body made 
from titanium, an abutment, and a crown. The implant body 
is surgically inserted into the jawbone and the abutment 
extends through the gums and into the mouth to support 
the crown. Once the implant is placed in the jawbone, 
osseointegration occurs, as the jawbone fuses with the 
surface of the dental implant. This process takes several 
months and creates a solid foundation for the new artifi-
cial tooth. Stress factors such as osteoporosis, radiation, 
and conventional cigarette smoking can weaken implant 
functions and stability. There is evidence suggesting that 
ECs have adverse effects on implant sustainability as well, 
due to nicotine and other compounds found in them. The 
vapor can affect osteoblast behavior and can potentially 
dysregulate bone-tissue interaction with the implant. This 
is supported by the fact that when vapor was introduced 
to a titanium dental implant osteoblasts showed reduced 
attachment to it. This was due to the lack of focal adhe-
sion proteins such as F-actin. Cell adhesion is critical for 
both the interaction of cells with material and cell surviv-
al and differentiation. The inhibition of osteoblast growth 
and decreased osteogenic activity was found in both cul-
tures treated with nicotine-containing and nicotine-free 
EC vapor. In addition to decreased osteoblast adhesion 
and growth, EC vapor increased the degradation of min-
eralized bone tissue around the implant. All of this would 
contribute to implant failure (Rouabhia et al., 2019).

Oral Lesions
An increased prevalence of various oral mucosal lesions 
was found in EC consumers. Three specific types of in-
flammatory lesions were found to be more common 
among EC users than in conventional smokers. These 
include nicotine stomatitis, black hairy tongue, and hyper-
plastic candidiasis (Bardellini et al., 2017).

Nicotine stomatitis is an irritation of the oral muco-
sa and presents itself clinically as a gray or white color 
change to the hard palate. Exposure to heat on the hard 
palate can be one cause of this disease (Andamuthu 
Yamunadevi et al., 2023). Nicotine and the chemical 
compounds found in flavorings can be a factor as well, 

although further research is required to clarify this patho-
physiology (Bardellini et al., 2017). 

Black hairy tongue is a benign and asymptomatic con-
dition that gives the tongue a dark and hairy appearance. 
Filiform papillae on the tongue collect food, bacteria, and 
dead skin cells which provide the tongue with its color. 
These papillae usually go through a process of desquama-
tion in which the skin layer sheds. If desquamation does 
not occur, these papillae will elongate and give this distinct 
appearance. Why this condition results from EC consump-
tion is unknown. Speculation as to possible causes includes 
an altered pH change, high intraoral mucosal dryness, and 
altered immune responses (Bardellini et al., 2017). 

An overgrowth of Candida species in the oral cavity 
is known as hyperplastic candidiasis.  It usually presents 
itself as white patches on oral mucosa commissures and 
can be associated with diseases such as diabetes mellitus 
and immunosuppression. The condition is probably due 
to the pH alteration from the flavorings found in ECs 
(Bardellini et al., 2017).

Conclusions
In contrast to conventional cigarettes, which have a his-
tory dating back to the 1800’s, ECs represent a relatively 
recent addition to the market. Although they were initial-
ly promoted as a benign alternative to traditional smoking 
and a tool for smoking cessation, recent research paints 
a more nuanced and concerning picture. That is particu-
larly alarming given the fact that EC users may be even 
younger than conventional cigarette smokers because of 
the misconception that ECs are harmless. The findings 
presented in this article suggest that ECs may have the 
potential for adverse effects on the oral cavity. 

Admittedly, research is new, and further research is 
needed before these findings can be considered con-
clusive. In addition, as with all medical research into risk 
factors, an increased risk of a medical condition does 
not imply that it is inevitable. However, the evidence is 
mounting and the risks are severe enough to suggest that 
dentists would be well advised to ask about EC use, and 
to alert those who use ECs to the dangers. 
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Abstract
This study delves into small intestinal bacterial overgrowth (SIBO), exploring its origins, diagnosis, and treatment methods. The 
research illuminates the complexities of SIBO, a condition characterized by an abnormal surge of bacteria in the small intestine. 
Factors contributing to SIBO include impaired motility, anatomical abnormalities, and digestive system dysfunctions. Diagnosing 
SIBO proves challenging due to its nonspecific symptoms which often overlap with other conditions like irritable bowel syndrome 
(IBS). Various diagnostic approaches, including lactulose breath testing, blood tests, stool analysis, and imaging, aim to identify 
SIBO and its underlying causes. Treatment involves dietary modifications—such as low FODMAP, biphasic, or fast track diets—
antibiotics like rifaximin, and herbal therapies. However, concerns arise regarding extreme dietary restrictions causing potential 
malnutrition and eating disorders. This study highlights qualitative insights from women diagnosed with SIBO, revealing diverse 
treatment experiences. Understanding this connection empowers women to manage symptoms by adapting diets and stress 
management strategies. Overall, this comprehensive review unveils the intricate nature of SIBO, urging personalized approaches 
to its treatment and management.
Keywords: 
Small intestinal bacterial overgrowth, SIBO, low FODMAP diet, antibiotics, rifaximin
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Introduction
Small intestinal bacterial overgrowth, or SIBO, causes pain 
and ultimately lowers vitamin and mineral levels in the 
body, causing lasting damage to the bones and nervous sys-
tems. Many of those who suffer from SIBO are prescribed 
heavy doses of antibiotics and/or diet management, while 
others have utilized a functional medicine approach con-
sisting of diet, physical therapy and natural supplements. 
This review will explore the effects of increased bacteria 
in the small intestine on individuals in an attempt to gather 
the information researchers have found. It will aim to an-
swer the question “Can medication alone benefit patients 
with SIBO?” It will also include a qualitative research study 
conducted by the author which included a survey of four 
people suffering from SIBO. The primary purpose of the 
review of extant literature and the gathering of further re-
search on the topic of SIBO is to determine the multiple 
ways people deal with their SIBO and how it is currently 
managed by healthcare professionals.

Methods of Research
Through Touro University, information and data has been 
collected from NIH, Pubmed, The Cleveland Clinic, The 
Mayo Clinic and other credible institutions. Data was also 
retrieved from four individuals who suffer from SIBO 
using methods from a qualitative research study. This is 
critical analysis and comprehensive review of SIBO and 
the Effectiveness of Treatment via Diet and Medication. 
Key terms used when researching were “the effectiveness 
of antibiotics as treatment for SIBO,” “homeopathic rem-
edies for SIBO,” “Small Intestinal Bacterial

Overgrowth,” “FODMAP diet,” “rifaximin,” “the gas-
trointestinal tract,” “chinese herbal medication,” “causes 
of SIBO,” “IBS and its relation to SIBO,” “gut flora,” and 
“SIBO treatment.”

Discussion  
How Does SIBO Occur?
SIBO occurs when there’s an abnormal increase in the 
population of bacteria in the small intestine (Cleveland 
Clinic, 2021). Normally, the small intestine contains a rel-
atively low number of bacteria compared to the large in-
testine. Several factors can contribute to SIBO.  Impaired 
motility or movement of the small intestine, due to con-
ditions like intestinal obstructions or muscular issues, 
can lead to stagnant areas where bacteria can overgrow. 
Anatomical abnormalities or surgeries, like gastric bypass, 
which alters the structure of the small intestine, might 
also disrupt the natural flow of digestive contents, allow-
ing bacteria to accumulate. Additionally, conditions that 
affect the normal functioning of the digestive system, like 
low stomach acid, pancreatic insufficiency, or immune sys-
tem disorders, can create an environment conducive to 
bacterial overgrowth in the small intestine. These factors 
collectively contribute to the disruption of the delicate 
balance of gut bacteria, leading to the symptoms associ-
ated with SIBO, such as bloating, abdominal pain, diarrhea, 
and nutrient malabsorption (Dukowicz, et al., 2007).

A healthy gut is composed of numerous microorgan-
isms depending on age, environmental reasons, antibiotic 
use and infant transitional stages. The human microbiota 
diversity changes as one ages until they reach three years 
of age. At age three, a child’s gut microbiota is similar to 
most adults: firmicutes (lachnospiraceae and ruminococ-
caceae), bacteroidetes (bacteroidaceae, prevotellaceae, and 
rikenellaceae), and cctinobacteria (bifidobacteriaceae and 
coriobacteriaceae). A healthy gut can handle diverse foods, 
does not have digestive discomfort, reduces inflammation, 
and aids in maintaining good energy levels together with a 
healthy immune system. Factors like diet, stress levels, medi-
cations, and underlying health conditions can greatly impact 
gut health. Maintaining a healthy gut involves consuming a 
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balanced diet rich in fiber, prebiotics, and probiotics, man-
aging stress levels, getting enough sleep, staying hydrated, 
and avoiding excessive use of antibiotics or unnecessary 
medications that can disrupt the gut microbiome. Taking 
care of gut health can significantly impact overall well-being 
and quality of life (Rinninella et al., 2019).

There is a delicate balance of flora in the small intes-
tine. This is maintained through multiple factors: peristal-
sis, bile and enzymes, stomach acid, and mucosal immunity. 
Peristalsis is the typical contractions and movements of 
the small intestine which aids in flushing out bacteria in 
order to prevent overgrowth and limit bacterial buildup. 
The liver and the pancreas release substances, such as bile 
and digestive enzymes in order to aid digestion and help 
control bacterial growth. The stomach is an extremely 
acidic environment which helps keep bacterial levels low 
in the upper digestive tract. The acid in the stomach also 
kills a significant portion of ingested bacteria. The small 
intestine has a protective mucosal lining that functions to 
prevent the overgrowth of bacteria by recognizing and 
eliminating potential threats like bacteria, parasites, and 
viruses. These mechanisms collectively create an envi-
ronment that limits bacterial colonization and ensures a 
balanced microbial population within the small intestine 
(Gorbach, 1996). Disruptions in these factors due to var-
ious conditions can lead to an imbalance, contributing to 
conditions like SIBO (Wilkinson, 2022).

When there is an issue with the emptying of food con-
tents from the small intestine into the large intestine, an en-
vironment where bacteria from the small intestine prolifer-
ate excessively may be created. The small intestine typically 
has a relatively low bacterial count compared to the large 
intestine. However, if this mechanism is slowed or impaired 
anatomically, the bacteria in the small intestine have more 
time to breed, and the bacteria in the large intestine may 
begin to creep upward. This may lead to an overgrowth 
of bacteria in the small intestine. The bacteria in the small 
intestine are responsible for breaking down carbohydrates 
by converting them into gas and short-chain fatty acids. If 
there is an increase of bacteria in the small intestine there 
will be more  gas in the small intestine, which causes bloat-
ing and diarrhea. The bacteria also absorb vitamins, bile 
salts, and proteins that the body needs in order to function; 
as a result the digestive system does not absorb import-
ant nutrients, leading to poor digestion specifically for fats, 
calcium, and fat-soluble vitamins. This causes vitamin and 
mineral deficiencies and can lead to further damage in the 
future (Cleveland Clinic, 2021). Consequently, the bacteria 
in the small intestine might ferment undigested food, caus-
ing abdominal pain, bloating, diarrhea, and malabsorption of 
nutrients (Ren et al., 2022).

Some studies indicate that up to 80% of people with 
irritable bowel syndrome (IBS) have SIBO. The prevalence 
among healthy people is unknown. Doctors assume that 
SIBO is generally underdiagnosed, since mild cases may 
be asymptomatic, while moderate cases feature many 
non-specific symptoms that overlap with other condi-
tions, such as IBS. SIBO is not often directly tested for, and 
even when it is, the tests available are not always accu-
rate (SIBO, 2021). Often, a healthy body strives to rectify 
imbalances naturally. However, bacterial imbalances can 
lead to various illnesses. Some examples include clost-
ridioides difficilem (C. diff): an overgrowth can result in 
multiple green, foul-smelling, watery stools, accompanied 
by abdominal pain and tenderness. Enterococcus faecalis 
is a bacterium that contributes to post-surgical infections 
in the abdomen and urinary tract infections. Escherichia 
coli (E. coli) resides in the colon of most healthy adults 
helping the body digest foods. Certain strains of E. coli 
are infectious and are commonly responsible for adult 
diarrhea, it is the main cause of the common stomach 
virus. Bacteroides overgrowth is linked to colitis, a painful 
inflammation of the colon. These imbalances pose a chal-
lenge in accurately diagnosing patients, adding complexity 
to medical assessments (Zhang et al., 2015).

Diagnosing SIBO
The Cleveland Clinic proposes that there are other fac-
tors that contribute to diagnosis of SIBO, such as age, 
or illnesses that affect motility—like diabetes, lupus, ce-
liac disease, inflammation and irritable bowel syndrome, 
inflammatory bowel disease, pancreatitis, colon cancer, 
scleroderma, chronic renal failure, cirrhosis—immuno-
deficiency orders, abdominal surgery, or radiation expo-
sure (Cleveland Clinic 2021). It is extremely difficult to 
diagnose SIBO due to the fact that symptoms of SIBO 
are nonspecific, and vary from mild to severe. Bloating, 
stomach pain and distension, nutrient deficiency, specifi-
cally vitamin B12 and vitamin D, weight loss,

chronic diarrhea and fatigue are all possible SIBO 
symptoms (Ahuja, 2019). Diagnosing SIBO is complex 
and requires multiple examinations, tests, and time to 
truly determine. Responses from the qualitative study 
of women between ages 20-45 shows that 75% of re-
spondents only had a definitive diagnosis after 120+ days. 
Proving how complex and difficult it is to diagnose SIBO.

There are several diagnostic tests that can be em-
ployed to identify potential issues such as bacterial 
overgrowth in the small intestine or poor fat absorp-
tion, which may underlie symptoms (Mayo Foundation, 
2022). These tests encompass a range of methods. The 
gold standard diagnostic test is a small intestine aspirate 
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and fluid culture that requires an endoscopic procedure 
to obtain a sample of intestinal fluid. This sample is cul-
tured in a lab to determine the presence of bacterial 
overgrowth. Lactulose breath testing or hydrogen breath 
testing involves a noninvasive assessment where the pa-
tient drinks a glucose-water mixture, and the subsequent 
measurement of exhaled hydrogen or methane levels. 
While it is widely available, this method lacks specificity 
compared to other tests for diagnosing bacterial over-
growth. Blood testing, although less common, can provide 
valuable insights. Elevated C-reactive protein levels might 
signal inflammation, while a complete blood work count 
(CBC) assesses white blood cell count and screens for 
vitamin deficiencies associated with small intestinal bac-
terial overgrowth (SIBO, 2021). Stool tests evaluate fat 
absorption and help rule out other gastrointestinal con-
ditions. Imaging tests, including X-rays, CT scans, or MRIs, 
are occasionally recommended to identify structural ab-
normalities, intestinal blockages, or motility issues within 
the intestine (Dukowicz et al., 2007).

Treatment
There are multiple dietary restrictions that advertise as 
gut healing remedies. The low FODMAP diet (Fermentable 
Oligosaccharides, Disaccharides, Monosaccharides, and 
Polyols) is a diet that generally involves strict elimina-
tion of foods followed by systematic reintroduction to 
identify specific trigger foods. This attempts to allow for 
a more personalized and sustainable approach to manag-
ing digestive health. FODMAP is a dietary approach that 
is often recommended for those attempting to manage 
symptoms of many gastrointestinal issues. It is not a SIBO 
specific diet. FODMAPS are types of carbohydrates that 
can ferment in the gut, leading to bloating, gas, abdominal 
pain, and other discomforts in those with gastrointesti-
nal issues. This diet involves avoiding foods high in these 
fermentable compounds, such as certain fruits (like ap-
ples and cherries), vegetables (such as onions and garlic), 
dairy products, wheat-based items, and certain sweeten-
ers (Veloso, 2021). SIBO is when there is an excessive 
number of bacteria in the small intestine, leading to var-
ious digestive symptoms. The connection between a low 
FODMAP diet and SIBO lies in the fermentable nature of 
certain carbohydrates. FODMAPs are fermentable car-
bohydrates that can exacerbate symptoms in individuals 
with SIBO. When these carbohydrates are consumed, they 
can ferment in the small intestine, causing gas production, 
bloating, and discomfort due to the extreme overgrowth 
of bacteria (de Roest et al., 2013). By reducing intake of 
these FODMAP-rich foods, individuals may experience 
relief from their SIBO symptoms such as decreased gas 

production, less stomach discomfort and bloating. A low 
FODMAP diet requires significant restriction of various 
foods, many of which are primary sources of essential nu-
trients and vitamins that are crucial for maintaining over-
all health . This restriction can pose challenges as these 
foods provide necessary elements vital for proper bodily 
functions. Hence, it is important to note that FODMAP is 
not a sustainable lifestyle and can lead to extreme vitamin 
and mineral deficiencies due to the restrictive nature of 
the diet (Bascuñán et al., 2019).

Similar to FODMAP, the bi-phasic and fast tract diets 
severely limit multiple categories of food during each week 
of the cycle. These diets claim to be designed to enhance 
gut health and motility among patients suffering with gut 
related symptoms. The biphasic diet involves two phases. 
The first phase, often called the “SIBO-specific” phase, 
restricts fermentable carbohydrates like certain fruits, 
vegetables, processed grains and sugars, and some dairy 
products. This phase aims to starve or reduce the food 
source for bacteria in the small intestine. After a spec-
ified period, individuals transition to the second phase, 
which involves reintroducing restricted foods gradually to 
determine which foods trigger which symptoms. This is 
a more simplified version of the diet, focusing on reduc-
ing fermentable carbohydrates known as FODMAPs. It 
involves avoiding or limiting certain foods high in these 
compounds that can contribute to bacterial overgrowth 
and related symptoms. The Fast Track Diet simplifies the 
initial phase of dietary restriction without the gradual 
reintroduction phase seen in the biphasic diet (Veloso, 
2021). These diets aim to alleviate symptoms associated 
with SIBO by reducing the intake of carbohydrates that 
can potentially feed the bacteria in the small intestine. 
However, there is much concern for patients who restrict 
their diets too much, causing eating disorders and/or mal-
nutrition. Categorizing nutritious and healthy foods into 
categories that limit a person from specific vitamins can 
harm the body and alter the way the person views food in 
the long run, possibly causing more harm than the SIBO.

In addition to dietary approaches, medications such as 
rifaximin are often used to help combat SIBO. Rifaximin, 
an antibiotic that is primarily used to treat gastric infec-
tions, holds significant promise in SIBO treatment due to 
its unique characteristics. Its primary active ingredient is 
rifaximin, a semi-synthetic derivative of rifamycin. This is 
due to the fact that rifaximin, unlike other antibiotics that 
may foster bacterial resistance over time, operates in a 
way that discourages such adaptation; this characteristic 
lies in its mechanism of action and pharmacokinetics and 
enhances its effectiveness in combating SIBO while miti-
gating concerns regarding bacterial resistance (Pimentel, 
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2009). When taken orally, rifaximin remains largely within 
the gastrointestinal tract without significantly entering 
the bloodstream. It exerts its antimicrobial effects pre-
dominantly within the gut, targeting and acting against 
gram-positive and gram-negative bacteria. The low sys-
temic absorption reduces its exposure to bacteria out-
side the gastrointestinal tract, minimizing the opportunity 
for widespread resistance development in other parts of 
the body. Additionally, rifaximin has a broad spectrum of 
activity against a range of bacteria without fostering resis-
tance. Its mode of action involves inhibiting bacterial RNA 
synthesis, which contributes to its effectiveness against 
various bacterial strains while limiting the development 
of resistance. These combined factors make rifaximin less 
prone to fostering bacterial resistance compared to some 
other antibiotics (Koo, 2010).

Although antibiotics may seem like a simple cure for 
SIBO, there has been a lot of research done in order to 
examine the effectiveness of antibiotics as a treatment 
for SIBO. In order to determine the effectiveness of 
Rifaxamin, studies have been conducted with SIBO pa-
tients who have been diagnosed through Lactulose Breath 
Testing (LBT). The researchers offered patients 1200 mg 
of Rifaxamin daily for 10-14 days or four weeks of herbal 
therapy in order to combat their SIBO. Patients choose 
their method of treatment and after four weeks were re-
assessed for SIBO through LBT. The conclusion was that 
herbal therapies are as effective as rifaximin, if not more 
when it comes to treating SIBO. The study also found that 
patients that did not respond to the antibiotics did re-
spond to the chinese herbal therapy (Chedid et al., 2014).

There are recent studies that have found that Chinese 
herbal medicine, or CHM, has been able to aid those with 
Small Intestinal Bacterial Overgrowth. These studies have 
highlighted the efficacy of herbal treatments in alleviat-
ing SIBO symptoms, offering promising alternatives to 
conventional therapies. Herbs like oregano oil, berberine, 
garlic, and neem have antimicrobial properties that can 
help reduce bacterial overgrowth in the small intestine. 
When used in specific doses and combinations these 
herbs may help rebalance the gut microbiota. Herbal teas 
such as chamomile and ginger are known to have mild 
anti-inflammatory properties and have been proven to 
decrease inflammation levels, a major symptom of SIBO 
(Ren et al., 2020).

Qualitative Study
The author asked four women, between the ages of 20-
45, who have been diagnosed with SIBO, what methods 
of treatment they used after they were diagnosed with 
SIBO (see APPENDIX). Subjects A and B took rifaximin 

twice without any reprieve. Subject A, who tested posi-
tive for SIBO through LBT and blood work, had a regi-
men of herbal supplements that have helped alleviate her 
symptoms. The protocol prescribed by a homeopathic 
nutritionist was as follows: take ADP, allicidin, and ber-
berine three times a day; mid morning, take S. boulardii 
and propbiospore; be careful to take it at least two hours 
apart from the herbs. Subject A found that the herbal 
supplements had an immensely positive effect on her gut 
health. Subject B, who tested positive for SIBO through 
Lactulose breath testing, has found that Magnesium, a low 
FODMAP diet and stool softeners has helped alleviate 
her symptoms. Subject C, who tested positive for SIBO 
through Lactulose breath testing, is currently taking ri-
faximin and has changed her diet in order to alleviate 
her symptoms. Subject C is working with a licensed nu-
tritionist that specializes in chronic and gastrointestinal 
issues, keeping a food diary, monitoring stomach pain and 
symptoms in order to target problem foods and eliminate 
them from her diet. Subject D, who tested positive for 
SIBO through LBT, initially started on a low FODMAP 
diet and saw no results; she then took rifaximin and felt 
immediate reprieve from her symptoms.

Conclusion
Treating SIBO is like navigating a strategic board game 
where the goal is to restore balance and harmony with-
in the gut. Picture it as a multi-level quest with various 
challenges to overcome and different strategies to em-
ploy. At the start of the game, you are presented with 
a complex maze representing the digestive system, with 
its twists and turns symbolizing the intricate pathways of 
the small intestine. The enemy, represented by an over-
growth of bacteria, is lurking in certain areas of the maze, 
causing chaos and disrupting the balance. Players begin 
by selecting their team of strategies and treatments, each 
represented by different pieces on the board. Antibiotics 
or herbal remedies act as warriors, fighting against the 
invading bacteria. Diet modifications and lifestyle changes 
such as a low FODMAP diet function as shields, providing 
protection and support. Probiotics and digestive enzymes 
become allies, aiding in the restoration of balance. As the 
game progresses, players strategically move their pieces 
through the maze, carefully selecting the right combina-
tion of treatments to target the enemy bacteria while 
maintaining and supporting a healthy gut. Each move 
made by the player represents a treatment decision, con-
sidering factors like effectiveness, side effects, and indi-
vidual tolerance. Throughout the game, players encounter 
challenges and obstacles, represented by symptoms such 
as bloating, discomfort, and digestive distress. The key 
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is to adapt and adjust strategies accordingly, fine-tuning 
the approach to find the most effective combination for 
each player’s unique gut landscape. Successful navigation 
through the maze requires patience, persistence, and a 
keen understanding of the game’s mechanics. Players must 
be vigilant, constantly monitoring their progress and ad-
justing their tactics to overcome setbacks and reach the 
ultimate goal: a harmonious, balanced gut environment. 
Ultimately, winning the game involves restoring equilib-
rium within the digestive system, defeating the bacterial 
overgrowth, and allowing the gut to function optimally 
once again. While SIBO has no cure, each move, decision, 
and adjustment made by the patient, or player, contrib-
utes to this overarching goal of achieving digestive well-
ness. This is what treating SIBO is all about. Medication, 
dietary changes, and herbal supplements are all tools that 
aid in the treatment of SIBO. You win the game by deli-
cately rebalancing the bacteria in the gut regardless of the 
methodology. Unfortunately, there is no definitive “one 
size fits all” treatment for SIBO but there are definitely 
options. Trial and error is the only way to combat each 
individual’s case of SIBO.
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Abstract
Male pattern baldness affects nearly 50% of the world’s male population. It is associated with physiological conditions such as 
cardiovascular disease as well as psychological issues with self-image and self-esteem. Although surgical treatments exist, they 
are associated with risks and complications. Various non-surgical treatment modalities for male pattern baldness are available for 
patients. Topical and oral formulations of minoxidil, finasteride, and dutasteride can be used, in addition to low level light therapy 
(LLLT) and platelet rich plasma (PRP) therapy. As many treatment options exist, it may be challenging for patients to decide which 
to choose. Although there have been few studies within the literature on the topic, there has been no consensus as to which 
non-surgical treatment is the most effective option. Although all the aforementioned treatment have been shown to be effective, 
more studies are needed to definitively conclude whether there is one that is superior to the others. 

Non-surgical Treatment Options for Male-Pattern Baldness
Robert Schiffer
Robert Schiffer will graduate in September 2024 with a Bachelor of Science Degree in Biology

Introduction
Male pattern baldness is a genetic condition in which hair 
loss results as an excessive response to physiological an-
drogens, or hormones that direct and regulate male charac-
teristics. It is quite prevalent within the general population, 
affecting nearly half of all males worldwide. Physiologically, 
when androgen receptors are activated, the growth phase 
of hair follicles shortens. Therefore, when there is an ex-
cessive response to androgens, there is less growth of hair 
follicles, and they weaken, thin out, shorten, and die, leading 
to baldness (Katzer, 2019).

Although male pattern baldness is not deadly, it can still 
come with adverse effects. For example, hair loss can have a 
great effect on individual self-image and self-esteem. Studies 
have shown that those with alopecia report less self-es-
teem than those who don’t have hair loss. Additionally, 
there are many studies within the literature demonstrating 
a clear association between male pattern baldness and car-
diovascular diseases such as diabetes, myocardial infarction, 
or hypertension (Fattah & Darwish, 2011). 

Therefore, for the psychological well being of patients, 
it is imperative that treatments for male pattern baldness 
are effective and readily available for those that are af-
fected. Although surgical hair transplantation is an option 
for patients, many patients may be hesitant to undergo 
the procedure due to its association with complications 
such as bleeding, swelling, folliculitis, scalp numbness, epi-
dermal cysts, and infection (Garg & Garg, 2021). Many 
patients opt for non-surgical procedures or medications 
to control their baldness. To treat male pattern baldness 
and control its negative outcomes and associations, it is 
essential to identify the optimal and most effective treat-
ment and management.

Male pattern baldness can be addressed with a variety 
of non-invasive treatments; Minoxidil, oral and topical, 
Finasteride, Dutasteride. platelet rich plasma (PRP), and 
low level light therapy LLLT) will be compared, both indi-
vidually or in conjunction with each other, to determine 
the most effective treatment plan.  

Methods
To investigate the optimal non-surgical management of 
androgenetic alopecia, a comprehensive literature review 

was conducted. The online scientific database, PubMed, 
was used as a means to collect previous studies on 
the topic. The search engine of PubMed was used, and 
relevant literature was identified by searching with the 
following keywords: “androgenetic alopecia treatment”, 
“androgenetic alopecia management”, and “male baldness 
medication”. Articles were excluded if they included sur-
gical treatments, if they were only abstracts without full 
articles, if they were in a language other than English, and 
if they were purely review articles. After the exclusion 
criteria was applied, the relevant articles identified from 
the search were all reviewed and the data within each of 
them was collected and analyzed. 

Discussion
There are a variety of non-surgical treatments for 
male-pattern baldness. Each class of treatment has a differ-
ent mechanism of effectively increasing hair growth. Hair 
growth occurs continuously within a cycle of four dis-
tinct stages. The anagen stage is characterized by growth; 
it is where the hair follicle undergoes several rounds of 
mitotic activity to produce a hair shaft. Next, the cata-
gen phase is characterized by regression, where follicles 
may detach from the dermal papilla resulting in loss of 
the hair shaft. The telogen phase is essentially a resting 
stage where there is no further growth or maturation 
of hair follicles. Finally, the exogen phase is the stage of 
shedding, when a hair follicle is pushed out of the telogen 
phase and into the anagen phase, thereby shedding old 
hair in preparation for the growth of new hair (Natarelli 
et. al., 2023). While natural bodily processes such as the 
increase in androgen activity, tends to keep hair follicles 
in the catagen and telogen phases, all the medications and 
non-surgical treatments of male pattern-baldness seek to 
push follicles out of the catagen and telogen phases and 
into the anagen phase.

Medication Description 
Minoxidil
Minoxidil, one of the most commonly utilized medications 
for hair loss, comes in both topical as well as oral formula-
tions. Although only the topical drug is FDA approved for 
androgenetic alopecia, oral minoxidil is currently used by 
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many as an alternative, as it has shown to be effective as 
well (Randolph & Tosti , 2021). The mechanism of action 
of minoxidil involves the drug binding to and opening ATP 
sensitive potassium channels, which leads to membrane hy-
perpolarization. This directly leads to relaxation of vascular 
smooth muscle cells, which causes vasodilation of arteri-
oles. As more blood flows through vessels, more nutrients 
and oxygen are delivered to hair follicles, which then facili-
tates their growth and sustenance (Keerti et. al, 2023). 

5-alpha-reducatse inhibitors
Another class of medications used to treat androgenetic 
alopecia are the 5-alpha-reductase inhibitors, which also 
come in both topical and oral formulations. Unlike mi-
noxidil, only the oral formulations of the 5-alpha-reduca-
tse inhibitors are FDA approved for androgenetic alope-
cia, even though the topical formulations are utilized by 
the general population as well. This class of medications 
include finasteride and dutasteride. Their mechanism of 
action involves the inhibition of the conversion of tes-
tosterone into dihydrotestosterone (DHT). DHT, a more 
potent androgen, binds to receptors located on or near 
scalp hair follicles, inhibiting follicle growth and matura-
tion, and causing shrinking and early death of the folli-
cles (Ustuner, 2013). By inhibiting the formation of DHT, 
the 5-alpha-reductase inhibitors allow for less binding 
of androgen receptors on the scalp hair follicles, which 
permits them to continue growing and maturing instead 
of shrinking. The difference in finasteride and dutasteride 
is that while finasteride only inhibits one isoenzyme of 
5-alpha-reductase, dutasteride inhibits both isoenzymes 
(Nickel, 2004).

Platelet Rich Plasma
Platelet rich plasma (PRP) injections are another nonsur-
gical modality of treatment for androgenetic alopecia. This 
process involves extensive preparation as blood must be 
extracted from the patient themselves and be centrifuged 
down to remove other components such as red blood 
cells. After centrifugation and extraction of unnecessary 
components, what is left is plasma that is rich in platelets as 
well as platelet activating factors. This platelet rich plasma 
has many uses in medicine outside of androgenetic alo-
pecia; it is often used to treat torn muscles and tendons 
as well as arthritis and joint injuries (Everts et. al, 2020). 
Its mechanism of action involves the activated platelets 
and platelet activating factors within the plasma releasing 
many different growth factors including molecules such 
as vascular endothelial growth factor (VEG-F), epidermal 
growth factor (EGF), and insulin-like growth factor (IGF-1) 
(Stevens & Khetarpal,  2018). All of these growth factors 

stimulate cell growth, proliferation, maturation, as well as 
growth of new blood vessels. In androgenetic alopecia, PRP 
is injected into the scalp where all of the growth factors 
contribute to an environment where hair follicles are en-
couraged to grow, mature, proliferate, and thrive. 

Low Level Laser Therapy
Another non-surgical treatment modality is low-level 
laser therapy (LLLT). LLLT utilizes a range of wavelengths 
of light on the spectrum from red to infrared. The laser 
light penetrates through the skin, and acts upon hair fol-
licles. In general, hair follicles can be in the anagen, or 
growth phase, catagen, or regressing phase, or the telogen, 
or resting phase. When LLLT reaches the hair follicles, it 
acts upon telogen follicles to stimulate them to re-enter 
the anagen phase. Additionally, LLLT acts upon anagen hair 
follicles to prolong the duration of anagen, allowing  more 
time for the follicle to grow, mature, and proliferate. With 
more hair follicles spending more time in a longer anagen 
phase, this fosters an environment conducive for greater 
hair growth, thereby combating androgenetic alopecia. 

Review of all Treatments
There have been several studies comparing the efficacy 
of the various non-surgical treatments of androgenetic 
alopecia to elucidate the most optimal management. In 
one comprehensive systematic review and meta-analysis, 
Gupta et al., the relative efficacies of oral finasteride and 
dutasteride, topical minoxidil 2% and 5%, LLLT, and PRP 
were all compared to one another. This systematic review 
was quite extensive and all encompassing as it included 
seventy-eight full studies with a total of 15,888 study 
participants. All studies that were included were required 
to report the mean change in hair count from before 
starting the therapy compared to after the therapeutic 
intervention. All studies regarding one specific interven-
tion had their mean change in hair count averaged out, 
and at the end, therapeutic interventions were ranked 
from greatest mean change in hair count to least mean 
change in hair count. 

Based on assessments of individual studies with data 
regarding treatments compared to placebo as well as 
comparing two treatments with each other, this system-
atic review concluded that LLLT resulted in the largest in-
crease in hair count. Additionally, although all treatments 
resulted in increased hair count, there was no significant 
difference in hair count between PRP, finasteride, minox-
idil 2%, minoxidil 5%, and dutasteride. Also, minoxidil 2% 
and 5% resulted in the largest number of adverse events 
including dermatological and cardiovascular side effects. 
All in all, based on the data provided by Gupta et al., it 
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seems that LLLT is superior to other non-surgical treat-
ments, and that Minoxidil is inferior as it provides no ad-
vantage over other treatments, but comes with the most 
potential adverse events (Gupta et. al , 2018). 

Although the systematic review by Gupta et al. is quite 
comprehensive and offers invaluable information on the 
topic, it is not without its flaws. Firstly, the study men-
tions that 88.1% of all participants in all of the studies 
that were included in the review were male. This means 
that approximately 1,900 individuals included in the study 
were females. This is a major source for bias within the 
study, because while the main focus was on male pattern 
baldness, a significant amount of data is coming from 
females. Another limitation of this systematic review is 
the fact that it only included studies that reported on 
mean change in hair counts. However, there are many 
studies within the literature on nonsurgical manage-
ment of androgenetic alopecia that report their results 
through other modalities such as physical images or hair 
density. By limiting the systematic review only to studies 
that report on mean change in hair count, the review is 
shutting out a massive amount of potentially useful data. 
Nevertheless, even with all its limitations, Gupta et al. 
provided an enormous amount of valuable information 
on the topic. Because it compared all therapeutic inter-
ventions by a single factor, mean change in hair count, and 
included seventy-eight studies with over 15,000 partici-
pants, the conclusions that they drew from their data was 
valid and based on well-proven evidence. 

In a different systematic review 2% minoxidil, 5% mi-
noxidil, 1mg finasteride, and LLLT were all compared to 
each other as well as to placebo. After comparing all the 
studies that were included in the review, none of the 
four therapeutic interventions were found to significantly 
better than another. However, all four therapeutic inter-
ventions were found to result in significantly more hair 
growth than placebo. Therefore, although it could not be 
said which is the more effective therapy, there is definitely 
sufficient evidence that minoxidil at varying dosages, fin-
asteride and LLLT all improve hair growth in androgenetic 
alopecia (Adil & Goodwin, 2017). 

Finasteride vs Dutasteride
A review by Zhou et al. studied the difference in effi-
cacy specifically between finasteride and dutasteride. As 
mentioned earlier, dutasteride inhibits both isoenzymes 
of 5-alpha reductase while finasteride only inhibits one 
isoenzyme. Therefore, theoretically it would make sense 
for dutasteride to be more effective. However, clinical 
evidence is needed before making recommendations 
to patients. Zhou et al. studied these two medications 

and provided clinical evidence comparing their efficacies. 
Three studies with a total of 576 participants were all 
included in the review. Firstly, dutasteride resulted in 
a greater mean change in hair count than finasteride. 
Secondly, when a third party analyzed before and after 
treatment photographs of study participants’ scalps, the 
dutasteride patients were assessed to have better look-
ing scalps with more hair than the finasteride patients. 
Lastly, when patients themselves were asked to subjec-
tively assess their satisfaction with hair growth follow-
ing treatment, the dutasteride patients were significantly 
more satisfied than the finasteride patients. For all these 
reasons, Zhou et al. concluded that although both treat-
ments can improve hair growth in androgenetic alopecia, 
there is sufficient evidence to conclude that dutasteride is 
more effective than finasteride (Zhou, 2019). 

Minoxidil vs Finasteride
A study sought to compare the efficacy of topical mi-
noxidil with the efficacy of oral finasteride, two of the 
most commonly used treatments of androgenetic alo-
pecia. Study participants were divided into two groups 
with each group taking either minoxidil or finasteride. 
The participants were subsequently followed over a pe-
riod of two years, with their scalps and hair counts being 
assessed every three to six months. After the two-year 
period, there were no significant differences in the results 
between the two treatments, as 82% of minoxidil users 
reported no further hair loss while 85% of finasteride 
users reported no further hair loss. However, at the three 
month mark, a significantly greater percentage of minoxi-
dil users reported increased hair growth than finasteride 
users, and this subjective reporting was confirmed by 
analysis of thick hair counts, as the minoxidil group saw 
a 43% increase compared to only a 25% increase in the 
finasteride group at the three month mark. However, as 
time went on until the final two year mark, the differences 
between the finasteride and minoxidil groups evened out, 
and they produced similar results at the end of the two 
year mark, as mentioned earlier (Saraswat, 2003). From 
this data, it can be concluded that although topical minox-
idil may produce faster results than oral finasteride, both 
treatments have similar long-term results. Although this 
study provided important data with a comparison of two 
of the most popular treatments for androgenetic alope-
cia, it only included approximately 100 study participants, 
and so any conclusions drawn by a relatively small-scale 
study such as this one, may not necessarily be the most 
definitive or decisive. 

Based on these studies, although definitive conclusions 
may not be drawn without further, more comprehensive 
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studies, important inferences and understandings can be 
made. For example, Zhou et al. concluded that dutasteride 
is more effective than finasteride. Saraswat et al. found 
that although topical minoxidil works faster than oral 
finasteride, there is no significant difference in the over-
all effectiveness in the two. From these two studies, it is 
impossible to answer whether dutasteride or minoxidil 
achieves more rapid results. However, if oral finasteride 
is on equal footing as topical minoxidil as per Saraswat 
et al, and oral dutasteride is more effective than oral fin-
asteride as per Zhou et al., then it would be reasonable 
to deduce that oral dutasteride may be more effective 
overall than topical minoxidil. 

LLLT vs Minoxidil
A study compared the use of LLLT with minoxidil and 
the use of minoxidil alone. Although improvement in hair 
loss was seen in both study groups, the LLLT with the 
minoxidil group resulted in better outcomes than the 
minoxidil group alone (Mokhtari et. al , 2023). Although 
this study shows that LLLT enhances the efficacy of mi-
noxidil and supports the use of combination treatment, 
it does not strictly compare one treatment against the 
other, and so no conclusions can be drawn regarding 
which one treatment may be better than the other. In 
contrast to that, a different study did compare the two in-
dividual treatments. This study separated participants into 
three different groups; one group was treated with LLLT 
alone, one group was treated with 5% minoxidil alone, 
and one group was treated with the combination of LLLT 
and 5% minoxidil. The data showed that all three groups 
resulted in the treatments producing decreased hair loss. 
However, there was no significant difference between the 
minoxidil group and the LLLT group. However, the mi-
noxidil and LLLT combination group resulted in the best 
outcomes including the greatest increase in the number 
of regrowing hair follicles, and the greatest percentage of 
patient satisfaction (Esmat, 2017et. al, 2017). This study 
also presents valuable data showing once again the su-
periority of the combination of treatments to either in-
dividual treatment, as well as the important finding of no 
significant difference between either individual treatment. 
However, this study was conducted with only forty-five 
study participants, and all the study participants were fe-
male. This limits the relevance of its findings toward men 
with androgenetic alopecia, but as it is one of very few 
studies within the literature directly comparing the indi-
vidual treatments of LLLT and minoxidil, it is nonetheless 
useful information. 

Although no definitive conclusions can be drawn when 
comparing LLLT to oral medications such as finasteride or 

dutasteride, reasonable inferences may be deduced. Esmat 
et al. concluded that there was no difference between 
LLLT treatment and topical minoxidil. Since Saraswat et al. 
found no significant difference between topical minoxidil 
and oral finasteride, it is reasonable to infer that there 
may also be no significant difference between LLLT and 
oral finasteride. However, as both Mokhtari et al. and 
Esmat et al. concluded that combination treatment of 
LLLT and minoxidil is more effective than minoxidil alone, 
it is also reasonable to infer that the combination of LLLT 
and minoxidil would be more effective than oral finas-
teride alone as well. 

PRP vs Minoxidil
PRP is a more recently popular treatment that is being 
utilized by an increasing number of people affected by 
androgenetic alopecia, but it has yet to obtain the FDA 
approval that topical minoxidil and oral finasteride have 
already had for years. In another study, participants were 
separated into two different groups. One group received 
PRP therapy alone, while one group received minoxidil 
alone. The PRP group resulted in better outcomes across 
the board. PRP resulted in better before and after photo-
graphs, higher patient satisfaction score, higher scores on 
hair growth questionnaires, and better results on hair pull 
tests. Although this study was also done on a relatively 
smaller scale with only forty patients, the data seems to 
point to PRP being more effective than topical minoxidil. 

That showed PRP to be more effective than topical 
minoxidil and Saraswat et al. found no difference be-
tween oral finasteride and topical minoxidil, it would be 
reasonable to infer that PRP is more effective than oral 
finasteride as well. Esmat et al. found no significant differ-
ence between LLLT therapy and topical minoxidil and so 
if Verma et al. is showing PRP to be superior to topical 
minoxidil, then PRP may be more effective than LLLT as 
well. However, there is insufficient evidence to draw any 
inferences or conclusions in regard to the comparison of 
PRP and combination LLLT and minoxidil or the compar-
ison of PRP and dutasteride (Verma et al).

Conclusion
Male pattern baldness is a serious condition affecting 
nearly half the male population on the globe. Although 
there are surgical options for treatment, a variety of 
non-surgical medications and procedures are available 
for patients, each of which works in different ways. Oral 
and topical 5-alphad reductase inhibitors, oral and topical 
Minoxidil, LLLT, and PRP are all viable non-surgical treat-
ment modalities that have shown to be effective in treat-
ing male-pattern baldness. Based on the review of the 
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literature, Dutasteride has been shown to be somewhat 
more effective than Finasteride, and combination thera-
pies have been shown to be more effective than individual 
treatments alone. However, other than that, there is not 
sufficient evidence to definitively conclude whether there 
is one treatment that is superior to all others. Further 
research is certainly warranted to help elucidate whether 
one of the non-surgical treatments is superior to all the 
others, in an effort to help patients treat their male-pat-
tern baldness more effectively. 
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