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Abstract
 The purpose of this review was to assess patterns of 
antibiotic prescriptions across the United States and evaluate their 
relationship with associated conditions.  A focus on national antibiotic 
prescriptions and proposed side effects was studied from 1993-2008. 
State-to-state differences in antibiotic prescribing and associated 
patterns of obesity were studied from 2011-2014. Data for these 
study periods was extracted from the CDC and affiliated institutions. 
Correlation assessments between antibiotic prescription patterns 
and a set of variables related to the proposed mechanism of antibiotic 
effects were made. From 2011-2014, cephalosporin prescriptions 
demonstrated the strongest relationship with associated obesity rates, 
while beta-lactams (cephalosporins and penicillins) showed weaker 
relationships when taken as a holistic class. To make light of these 
results, drug use of Ceftriaxone, a broad-spectrum, third-generation 
cephalosporin and Amoxicillin, a narrow-spectrum penicillin, was 
compared from 1993 to 2008 in relation to the prevalence of various 
health conditions: obesity; diabetes mellitus; sleep disorders; 
endocrine, nutritional, metabolic diseases and immunity disorders; 
and infectious and parasitic diseases. Ceftriaxone demonstrated a 
strong, significant, and positive relationship with all of the above 
variables, except for parasitic and infectious diseases. By comparison, 
Amoxicillin showed weak and non-significant relationships with all 
of the above variables. Despite their correlational limitations, these 
results suggest that broad-spectrum antibiotics play a significant role 
in the development and persistence of many chronic conditions in the 
United States. A mechanism providing a hypothesized explanation for 
these results was proposed based on extensive literature review. 
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CHAPTER I
Introduction
Obesity

Determination of Obesity

 An individual’s body composition can be computed 
through a variety of different methods. Perhaps the most 
widespread measure involves the determination of a person’s 
Body Mass Index (BMI). BMI is a formula that outputs a number 
based on the ratio of a person’s weight in kilograms to the square 
of their height in meters. The classification of a person’s BMI is 
divided into four categories: underweight (<18.50), normal range 
(18.50-24.99), overweight (≥25.00), and obese (≥30.00) [1]. Past 
and present statistics regarding the weight status of Americans 
have been calculated through self-report of height and weight 
through telephone communications as an effort of the CDC’s 
Behavioral Risk Factor Surveillance System (BRFSS). However, 
starting in 2010, the BRFSS switched from landline telephone 
contact to cell phone communicated data to include a larger and 
more accurate representation of self-reported health information. 
For this reason, any collection of obesity data from 2011 to the 
present cannot be compared to data prior to 2010 [2]. BMI serves 
as a baseline measurement of an individual’s weight classification, 
however there are certain clinical limitations of BMI that should 
be noted. First, BMI does not distinguish between muscle mass 
and fat mass in the measurement of a person’s weight. As a result, 
an individual with large amounts of muscle mass and minimum 
fat might be classified as obese despite their relatively positive 
state of health, and an individual with hidden, visceral fat and 
metabolic syndrome could be classified in the normal range for 
BMI, leading to misinterpretations of the measure. Secondly, BMI 
does not distinguish between waist circumferences, which could 
confound the output of the measure based on an individual’s 
body shape. However, despite these limitations, BMI is currently 
the most effective way to sample a large amount of individuals 
nationwide to gather a rough estimate of the weight classification 
of a majority of Americans. 
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 More accurate measures of body composition exist 
that would be more ideal in the calculation of national weight 
characteristics. Dual-energy X-ray Absorptiometry (DXA) allows 
for a determination of intramuscular fat and bone density to 
present a more accurate understanding of a person’s body 
composition than what is allowed through BMI. Additionally, 
Hydrostatic Weighing allows for a measurement of bone, 
muscle, fat, and water density of a person. Body fat is calculated 
through a comparison with the overall body density. While these 
methods are more accurate in determining an individual’s body 
composition, limitations such as cost and availability constrict 
their use on a national scale of comparison.

Obesity has become pandemic.

 Since 1980, the worldwide proliferation of obesity 
has more than doubled, and despite the preventable nature of 
obesity, obesity-related mortality grossly outnumbers mortality 
stemming from complications of being underweight [3]. Over 
time, obesity has typically been stigmatized as a problem unique 
to high-income countries, however its prevalence has begun to 
become more common in low-to middle-income developing 
countries. For example, the number of obese children in Africa 
has doubled from 1990 to 2014, with an estimated 10.6 million 
obese children [4]. The root cause of these increases is generally 
unknown at this point, however a combination of dietary, physical, 
and pharmaceutical changes are believed to play a synergistic 
role in the current patterns being observed on a global scale for 
obesity. 

 In the United States, obesity is classified as an epidemic, 
and while most epidemics are controlled over time, obesity rates 
have continued to rise in dramatic fashion. From 1950 to 2014, 
obesity rates have more than tripled from 10% to 38% nationwide 
in U.S. adults. In fact, currently, one in three US adults are obese. 
However, this trend in obesity rates is not limited to adults, as 
childhood (ages 2 to 19) obesity rates have tripled from 1980 to 
2014, placing children at a greater risk for developing chronic 
diseases earlier in life. To further highlight the dramatic increase 
in obesity prevalence across the United States, it is important to 
note that in 1990 no state had a prevalence of obesity greater than 
15%, whereas in 2015, no state had an obesity prevalence lower 
than 20% [5]. Currently, the South has the highest prevalence of 
obesity in the United States at an average of 31.2%, trailed by the 
Midwest (30.7%), the Northeast (26.4%), and finally the West 
(25.2%). In particular, Alabama, Louisiana, Mississippi, and West 
Virginia had the greatest prevalence of obesity in 2015 with rates 
equal to and greater than 35% [6].

Obesity presents major threats to healthcare costs.

 Living in an obese state predisposes an individual to a 
variety of life-threatening conditions. For example, obese people 
have been found to more frequently develop cardiovascular 
diseases (heart disease and stroke), diabetes, hypertension, 
allergies, chronic disease, musculoskeletal disorders (arthritis), 
and cancer (breast, ovarian, pancreatic, colon, kidney, thyroid, 
gallbladder, and esophageal) than individuals maintaining a 
healthy body composition [7, 8]. It is therefore unsurprising 
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that both the incidence and prevalence of chronic, inflammatory 
diseases have increased over time, with an estimated 45% of 
the American population currently suffering from a chronic 
disease [9]. The propensity of chronic disease development from 
obesity leads to enormous costs for the US healthcare system. In 
one year, obesity-related health care costs total more than $147 
billion dollars in preventable healthcare spending. This amount 
makes up nearly 21% of annual medical spending. Even more 
staggering, childhood obesity alone is responsible for $14 billion 
in direct medical costs each year. It is predicted that if obesity 
continues to increase, obesity-related health care costs could rise 
to anywhere from $195 to $213 billion by 2030 [10]. In addition, 
current estimates predict 500,000 additional cases of cancer in 
the United States by 2030 if obesity continues to follow current 
trends [11].

Antibiotics

History of Antibiotics

 In the past, infectious disease was a normal part of life. 
In 1900, 30.4% of all deaths occurred in children less than the age 
of 5. The leading causes of death were pneumonia, tuberculosis, 
and diarrhea, accounting for one third of all deaths [12 a].  From 
1918-1919, more people died from an influenza pandemic than 
collectively in combat in World War I, World War II, the Korean 
War, and the Vietnam War [12 b]. However, in 1928, medicine was 
revolutionized. Bacteriology professor, Sir Alexander Fleming, 
discovered the first true antibiotic, penicillin. Since their first use 
to treat infections in the 1940s, antibiotics have become one of the 
most impactful discoveries in medicine, attributable for the saving 
of millions of lives on a global scale. In 1945, just around the time 
World War II was ending, the average life expectancy staggered 
around 50 years. However, by 1990, with the widespread 
use of antibiotics to treat infectious diseases, the average life 
expectancy rose to around 70 years [13].  The number of deaths 
in children under five sunk from 30.4% in 1900 to 1.4% in 1997 
[12].  But with all good things, overuse can lead to detriment. 
Currently, almost every antibiotic ever developed is subject to 
bacterial resistance, rendering the effect of the drugs useless, 
and potentially harmful, making infectious disease a potential 
threat to society once again [14]. For example, nearly 2 million 
people in the United States are infected with antibiotic-resistant 
bacteria, and almost 23,000 perish due to these infections [15]. 
Based on the level of increased antibiotic resistance, a new wave 
of “next-generation” antibiotics are being created, with modified 
side chain structures to introduce new properties and potentially 
restore the effectiveness of certain classes of antibiotics, however, 
due to the incredibly adaptive nature of bacterial populations, 
perhaps the modern age of antibiotics as we know it is coming to 
an end. 

Mechanism of Antibiotic Action

 Antibiotics differ in their tissue distribution, rate of 
elimination, and effects in a living organism. However, the main 
distinction between antibiotics lies primarily in their differing 
mechanisms of action. Examples include inhibition of cell wall 
synthesis, inhibition of protein synthesis, inhibition of nucleic 
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acid synthesis, inhibition of metabolic pathways, and interference 
with cell membrane integrity. Classification of antibiotics by 
mechanism along with examples of common drugs in each class is 
shown in in Table 1 (Appendix). preceding the study. Participants 
were not specifically endurance trained but physically active sport 
students. Anthropomorphic characteristics of the participants 
are indicated in Table 1. 

Table 1: Classification of antibiotics by mechanism [16]

Targeted inhibition/
interference Examples of Antibiotics

Cell Wall Synthesis ß-lactam drugs (Penicillins, 
Cephalosporins)

Vancomycin

Bacitracin

Protein Synthesis Chloramphenicol

Tetracyclines

Macrolides

Lincosamides

Cell Membrane Polymxin B

Amphotericin

Nucleic Acids Fluoroquinolones (Ciproflaxin)

Rifamycin

Metabolic Pathways Sulfonamides

Antibiotics are classified by spectrum of activity 
 Antibiotics are classified as broad or narrow-spectrum 
based on the range of bacterial species susceptible to their action. 
Broad-spectrum antibiotics act against both Gram-positive and 
Gram-negative bacteria, while narrow-spectrum antibiotics are 
only effective against either Gram-positive or Gram-negative bac-
teria.  Narrow-spectrum antibiotics are generally limited in use 
due to the requirement of pathogen class identification before 
beginning treatment. In comparison, broad-spectrum antibiotics 
can be employed regardless of whether or not the infective bacte-
rial species has been identified, and are often used in cases when 
the prescriber is not sure the exact pathogenic nature of the infec-
tion [17]. Therefore, based on the spectrum of activity, antibiot-
ics differ in their altering effects of the composition of bacterial 
populations, with broad-spectrum antibiotics having a greater 
impact on bacterial flora contained throughout the body. Com-
mon examples of broad-spectrum antibiotics include azithromy-
cin, amoxicillin, tetracycline, and quinolones. The most common 
narrow-spectrum antibiotics include glycopeptides and bacitra-
cin for treatment of Gram-positive infections and polymixins for 
the treatment of Gram-negative bacterial infections [18].Current-
ly, broad-spectrum antibiotics are the most commonly prescribed 
class of antibiotic, with amoxicillin prescribed the most for chil-
dren and teens and azithromycin the most prescribed for older 
adults [18]. 

Broad-spectrum antibiotic use has increased over 
time.
 In 1995, a total of 75 million antibiotic prescriptions 
were written for adults in the outpatient setting in the United 
States. This number increased to 95 million in 2002, and based 
on the latest data collected by the Center for Disease Control, the 
number of antibiotic prescriptions written in the outpatient set-
ting climbed to a staggering 262.5 million from 2013 to 2014 [19]. 
This increase alone is something to marvel at, as more than 5 out 
of every 6 Americans takes an antibiotic every year. However, the 
more concerning area of increase in antibiotic prescription rates 
involve the changes in the type of antibiotics being prescribed. 
In 1950, 7,479 narrow-spectrum antibiotics and 0 broad-spec-
trum antibiotics were prescribed in the United States. In 2002, 
the number of narrow-spectrum antibiotics prescribed increased 
to 63,428 and broad-spectrum antibiotic prescriptions to 13 mil-
lion [20, 21]. This increase in broad-spectrum antibiotics has not 
slowed, as broad-spectrum antibiotic prescriptions have doubled 
from 2000 to 2010 [22]. In addition, it was recently discovered 
that at least 1 in 3 antibiotic prescriptions in the United States 
are unnecessary, and antibiotics are often deployed to treat viral 
infections [23].
 During his speech upon the reception of the Nobel 
Peace Prize in 1945, Sir Alexander Fleming marveled at the po-
tential power of antibiotics in medicine. However, in a later inter-
view with The New York Times, Fleming warned about the con-
sequences of misuse. Sir Fleming proclaimed, “The thoughtless 
person playing with penicillin treatment is morally responsible 
for the death of the man who succumbs to infection with the pen-
icillin-resistant organism.” He followed this by warning, “Public 
will demand penicillin and … then will begin an era … of abuses 
[24]. Clearly, this era of abuse is underway.

Gut Health
Humans are covered with microbes
 Recent estimates suggest that the normal flora of a sin-
gle individual contains anywhere from 40 to 100 trillion micro-
bial cells. This microbial colonization begins at birth and varies 
in progression and composition based on a variety of factors such 
as diet, drug exposure, contact with other people, travel, and res-
piration. These microbial floras are harbored all over the human 
body, including the skin, in the oral cavity and sinuses, the esoph-
agus, digestive tract, lower urogenital tract, and in the external 
ear canal and eye. In terms of species diversity, the highest levels 
exist in the gut and oral flora, whereas the urogenital tract has the 
lowest amount of bacterial diversity.
 The human microbiome is composed of four main 
groups of bacteria. These include Firmicutes, Bacteroidetes, Pro-
teobacteria and Actinobacteria, with Firmicutes and Bacteroi-
detes accounting for more than 80% of the microbiota in our gut. 
Firmicutes consists of mostly Gram-positive bacteria, with low 
amounts of Gram-negative bacteria. Bacteroidetes consists solely 
of Gram-negative bacteria, with primary representation by the 
Bacteroidetes genus in the human gut. Proteobacteria consist of 
Gram-negative bacteria and include many pathogenic bacteria. 
Actinobacteria are primarily Gram-positive bacteria involved in 
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metabolite production [25].
 Recent progress of the Human Microbiome Project has 
produced the estimate that the number of microbial genes (bac-
teria, fungi, protozoa, and viruses) contained in one person is 200 
times greater than that of the human genome [26]. The sum of 
all of this microbial genome contained in and on the human body 
is collectively termed the microbiome. Therefore humans can be 
viewed as “super organisms”, with two genomes: one that is in-
herited from our parents and a much more dynamic one that is 
shaped over the course of our life. However, despite the relative 
abundance of microbes and microbial genetic material harbored 
throughout the human body, the majority of our microbial flora 
is contained in the gut, particularly the large intestine. Therefore 
the gut microbiota are an area of particular importance in regards 
to alterations induced to our normal flora as a result of human 
behavior and drug intake [27].
 The bacteria harbored inside of the human body are 
commonly referred to as the “hidden organ” due to the often over-
looked, yet critical role they play in human physiology, metabo-
lism, immune system regulation, development, protection against 
other disease causing bacteria, elimination of chemical toxins, 
production of vitamins and amino acids, and mental health [28, 
29]. Therefore, the maintenance of gut health is crucial for the 
maintenance of good health, and any changes to our normal flora 
can have significant consequences to our health for better or for 
worse.
 The composition of bacteria harbored throughout an in-
dividual’s body is unique and can be rapidly altered by a variety 
of factors including, but not limited to diet, lifestyle, and exposure 
to toxins and antibiotics. In recent years, it has been discovered 
that microbiome composition is a key environmental factor that 
drives human genetic expression, with the power to turn genes 
on and off based on the ratios of microbes present [30]. In this re-
gard, there are no good or bad bacteria when they are maintained 
in normal ratios. However, an individual’s microbial makeup can 
become harmful if certain bacterial species are allowed to out-
number other beneficial strains of bacteria. For example, studies 
have shown that autistic children have a quantitatively and quali-
tatively different composition of bacteria in their intestinal flora 
in comparison to healthy children [31, 32]. Additionally, autoim-
mune diseases such as diabetes, rheumatoid arthritis, muscular 
dystrophy, and multiple sclerosis have been found to be associat-
ed with dysbiosis of the intestinal flora [33]. To further highlight 
the importance of the maintenance of the gut flora, experiments 
comparing germ free mice to conventional mice have found nutri-
tional deficiencies, decreased epithelial cell renewal, decreased 
lymphoid tissue, cecum distension, and increased susceptibility 
to pathogenic infection in germ free mice when compared to con-
ventional mice [34].

Gut bacteria play a crucial role in human health.
 The gut microbiome hosts over 1000 bacteria species 
with an accompanying 5 million bacterial genes that play an im-
portant role in human digestion [35]. Due to the lack of digestive 
enzyme production by the epithelial cells of the mammalian large 
intestine, the function of the resident microbial communities is 

paramount. These colonizing bacteria in the human large intes-
tine encode a wide variety of digestive enzymes that can elicit a 
wide variety diversity of metabolic capabilities in comparison to 
the human host [35].  The primary pathway through which bac-
teria accomplish their metabolic function is fermentation. Fer-
mentation is the enzymatic decomposition and utilization of sub-
strates, such as dietary carbohydrates and glycans that are unable 
to be enzymatically digested in the small intestine [36]. The end 
products of fermentation are short chain fatty acids, lactic acid, 
methane, hydrogen, and carbon dioxide [37 a]. Therefore the next 
time an individual experiencing an increased rate of flatulence is 
encountered, don’t blame them, blame their bacteria. However, 
perhaps the most important byproducts of bacterial fermenta-
tion from a metabolic standpoint are the short chain fatty acids, 
which include acetic, propionic, and butyric acids, with butyric 
acid being the preferred energy source for bacteria inhabiting the 
colon. These weak, short chain fatty acids lower the colonic pH, 
which has a direct on the microbial composition of the gut [37 b]. 
Additionally, these fatty acids can be readily metabolized within 
human epithelial cells of the large intestine and distributed as a 
source of energy throughout the body due to their hydrophobic 
nature. 
 Additionally, bacteria are an important source of vi-
tamin K2 and B synthesis. Vitamin K2 plays an essential role in 
human health as it is used to activate proteins involved in the 
regulation of calcium deposits in the body [38]. This is important 
to human health, as it has been found that low levels of vitamin 
K2 can lead to increased levels of arterial calcification, predispos-
ing an individual to heart disease [39]. B vitamins produced in 
the gut (Folate, Biotin, Vitamin B12, Thiamine, and Niacin) also 
play a critical role in human health with effects ranging from en-
ergy extraction from food to DNA and hormone synthesis [40]. 

The mucosal lining of the gut is tied to immune regula-
tion.
 The gut mucosa is the innermost lining of the gastroin-
testinal tract and is properly a mucous membrane that lines the 
digestive tract, serving a functional role in nutrient absorption 
and as a barrier between the gut and the rest of the body [40]. 
This inner lining of the intestinal tract is composed of a layer of 
epithelial cells, connective tissue, and a layer of smooth muscle.
 The only three places in the body that contain mucosal 
linings are the respiratory, urogenital, and intestinal tract. All 
of these tracts are associated with bacteria and serve a similar 
function, keep bacteria where they should be. The gut mucosa 
therefore has an important role as it serves as the interface be-
tween the host and the “outside” microbial world. Therefore, a 
healthy mucosal lining serves as a double-edged sword, support-
ing the growth of commensal microbes, inhibiting the growth of 
pathogenic bacteria, and allowing for the exchange of nutrients 
and metabolic products [41]. However, only a limited number 
of bacterial species can “access” the mucosal lining. These three 
gram-positive, commensal bacteria colonizing the mucosal lin-
ing are Clostridium, Lactobacillus, and Enterococcus [42]. These 
mucosal bacteria play a critical role in the selective permeability 
and regulation of the mucosal layer of the intestinal epithelium 
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by contributing and localizing tight junction proteins at epithelial 
cell boundaries [43]. 
 In addition to harboring commensal bacteria, the mu-
cosal membrane of the intestinal epithelium plays an important 
role in the moderation of immune responses in the host, primar-
ily through utilization of Immunoglobulin A and Toll-like recep-
tors [44]. In particular, Secretory IgA (SIgA) serves as the first 
line of immune defense against enteric toxins and pathogenic mi-
crobes in the intestinal epithelium, known as immune exclusion. 
SIgA is contained in the mucosal lining, which traps antigens and 
pathogenic microbes and ensures their proper clearance from 
the intestinal lumen before they can reach epithelial receptors. 
In addition, SIgA has been recently discovered to destroy bacte-
rial virulence factors, directly influence the composition of the in-
testinal microbes via signaling pathways, and down regulate the 
pro-inflammatory response normally resulting from contact with 
pathogenic bacteria and food antigens [45].
 Bacteria play an important role in the development and 
maintenance of the mucosal lining and mucosal immune system. 
This role is particularly emphasized in childhood development, 
as the proper development of a newborn child’s mucosal lining 
is directly influenced by gut microbes [46]. In an experiment us-
ing gnotobiotic mice, it was shown that colonization of mucosal 
surfaces is highly protected, allowing the selective development 
of only commensal bacteria that in turn stimulate the develop-
ment of the postnatal systemic immune response. However, these 
systemic immune responses are later shifted to a state of toler-
ance once the Toll-like receptors begin to recognize the pattern 
of microbes commensally inhabiting the mucosal lining, allowing 
for a unique mucosal immunity [47]. It is well documented that 
disruptions to the mucosal lining cascades to impaired mucosal 
barrier function and immune regulation, leading to increased 
penetration of pathogenic bacteria and food antigens into sys-
temic circulation. This “leakage” elicits an exaggerated general 
immune response, often manifested symptomatically as allergies, 
systemic inflammation, irritable bowel disease, autoimmune dis-
eases, rheumatoid arthritis, and diabetes [44].
 When intestinal permeability reaches a chronic level, 
leaky gut syndrome or “intestinal hyper-permeability”, can de-
velop as a result of tight junction malfunction and errant sign-
aling of the permeability-regulating protein, zonulin [48]. The 
translocation of gut microbiome derived endotoxins, in particular 
Lipo polysaccharide (LPS), as a result of this increased intestinal 
permeability has been properly termed Metabolic Endotoxemia 
(ME) [49].  In contrast, healthy individuals have low endotoxins in 
circulation, whereas individuals prone to weight gain and athero-
sclerosis contain elevated levels of endotoxins in their systemic 
circulation50. It is believed that the increased permeability of the 
intestinal lining of the mucosal layer of the gut leads to the activa-
tion of toll-like receptor-mediated immune activation that elicits 
a state of chronic, systemic, low-grade inflammation. In other, re-
lated studies, it was found that weight gain and the subsequent 
progression towards obesity can be characteristically identified 
through an increased intestinal permeability, which allows for in-
creased translocation of LPS into the blood stream, that elicits in 
a two-to-threefold increase in blood serum concentrations. This 

concentration of endotoxins in the bloodstream is at the threshold 
level to be properly classified as metabolic endotoxemia. Serum 
levels of this magnitude are causative for inflammatory activation 
and oxidative stress, two conditions commonly found in obese in-
dividuals [51].  In another study investigating plasma endotoxin 
(LPS) levels in the bloodstream, it was discovered that a high-fat 
meal promotes the absorption of LPS across the intestinal bar-
rier, leading to plasma levels characteristic of ME [50]. Previous 
studies also support these findings, demonstrating that meals 
high in fatty acids were linked with increased intestinal barrier 
permeability [52, 53].  Further investigation elevated endotoxin 
levels in the bloodstream found that merely 10 pg endotoxin/mL 
caused a significant increase in endothelial cell expression of E-
selectin for 6 hours [50].   E-selectin is a cell adhesion molecule 
expressed by inflamed endothelial cells in response to cytokine 
activation, which elicits a downstream chronic, acute inflamma-
tory response, demonstrating the immune activity LPS presence 
in the bloodstream produces. The results of these experiments 
clearly show how important a healthy mucosal lining is towards 
the maintenance of good health, as even minor disruptions to the 
mucosal lining and intestinal epithelium allow for the transloca-
tion of LPS into the bloodstream, which causes a cascade of low-
grade, systemic inflammation.

Gut composition differs between obese and lean indi-
viduals. 
 Obesity is a complex disease, developing primarily from 
unbalanced energy intake and expenditure over an extended pe-
riod of time. In terms of our microbiota, obesity has been linked 
to characteristic phylum-level changes in the functional diver-
sity of bacteria, with obese people demonstrating lower levels of 
overall gut flora diversity in comparison to lean individuals [54]. 
However, the distinction here lies in the fact that obese people 
don’t necessarily contain less bacteria, rather they contain a low-
er diversity of gut flora on a phylum level. A low level of gut diver-
sity is problematic because each strain of bacteria holds a unique 
function involved in the digestion and metabolism of nutrients. 
Therefore, a decreased diversity of bacteria leads to a decreased 
functionality of the intestinal flora, which can have severe im-
plications for an individual’s health. The decrease in diversity is 
specifically associated with an increased abundance of Firmicutes 
bacteria, with a lower level of Bacteroidetes microbiota [55].   An-
other study discovered that the gut microbiome of an obese twin 
was less diverse and contained a higher level of enzymes than the 
lean twin. The higher level of enzymes indicates a higher level 
of food digestion and calorie absorption from food in the obese 
twin, which is believed to be associated with the increased weight 
of the obese twin [57].  
 Further research has shown that elimination of cer-
tain species of microbes can trigger obesity. In one study, it was 
found that elimination of Lactobacillus, Allobaculum, Rikenellece-
ae, and Candidatus arthromitus led to metabolic changes in rats 
that eventually welcomed the onset of obesity [56]. To further 
highlight the impact the composition of an individual’s intestinal 
flora can have on the tendency to gain weight, it was discovered 
that when germ free mice were given fecal transplants from an 
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obese or lean individual, they adapted the metabolic and physi-
cal tendencies of their respective donor, with “fat mouse bacte-
ria” causing the mouse to gain weight and “lean mouse bacteria” 
causing the mouse to maintain a lean mass despite both being 
fed the same diet [58].  In yet another study, it was discovered 
that a group of digestion-improving microbes were found almost 
exclusively in obese individuals and are found in trace amounts 
in normal weight individuals, further highlighting the metabolic 
consequences gut flora composition can have on its host [59]. 
Implications of these floral shifts were further investigated in a 
study that found lean people contained larger quantities of ben-
eficial bacteria whereas people with excess weight were found to 
have greater quantities of pathogenic bacteria. This presence of 
pathogenic bacteria is believed to result in an inflammatory re-
sponse throughout the body through an interaction with fat cells, 
which can lead to leptin resistance and the development of diabe-
tes and chronic disease [60]. 
 Despite the findings above, the gut exists as a relative-
ly dynamic organ. One study found that the disrupted ratio of 
Bacteroidetes and Firmicutes in obese individuals was restored 
to its normal balance when the individual began to lose weight 
through the maintenance of a low-calorie diet [61].   One study 
attempted to explain these observations by concluding that the 
obese microbiome has an increased capacity to harvest energy 
from the diet. Additionally, this study highlighted the microbiome 
as a causal factor in the development of obesity by demonstrat-
ing that the colonization of germ free mice with obese microbiota 
led to increased amounts of body fat in comparison to germ free 
mice colonized with lean microbiota [62].  Another study further 
investigating the connection of the microbiome to obesity found 
that infusion of endotoxin-producing Enterobacter from the gut 
of obese humans into germ-free mice, induced obesity and insu-
lin resistance through an inflammation-mediated pathway. How-
ever, when the abundance of Enterobacter was found to decrease 
from 35% to non-detectable, the mouse was also observed to 
lose 51.4 kg of its original 174.8 kg mass and recover from hy-
perglycemia and hypertension after only a 23-week dietary ad-
justment period. Additionally, this study found that it was not 
possible to induce obesity in gnotobiotic mice simply through the 
introduction of a diet high in fat if the Enterobacter strain was 
not introduced first. However, when Enterobacter was intro-
duced before the high fat diet was started, the mice gained weight 
over a 23-week period until all rats had become obese. Further 
investigation of these differences found an altered lipometabo-
lism, leptin-resistance, decreased expression of fasting-induced 
adipose factor (low levels induce deposition of triglycerides in 
adipocytes), and increased expression of fatty acid synthase in 
the gnotobiotic mice in comparison to the conventional mice. In-
vestigation of this pathway and the discovery that obesity could 
be induced through an Enterobacter strain, but not a high fat diet, 
the clear role that microbes play in the development of obesity is 
made manifest [63].  Therefore, it is of the upmost importance to 
maintain gut balance, as the clear consequences of gut dysbiosis 
on an individual’s weight and overall health have been demon-
strated through numerous experiments.

Antibiotics and the Microbiome
Antibiotics elicit lasting effects on the gut flora. 
 Broad-spectrum antibiotics targeting anaerobic bacte-
ria elicit a disruption of the normal gut flora, and can do so for an 
extended period of time. One study demonstrated that recovery 
from broad-spectrum antibiotic use is only partial and can take 
up to four years to return to pre treatment states [64]. In an in-
vestigation in humans, it was found that just one course of antibi-
otics can produce changes in fecal bacteria content indicative  of 
increased Clostridium difficile growth [65]. Further investigating 
the effects of antibiotics, one study discovered that a single course 
of antibiotics can disrupt over one-third of bacterial species in the 
gut. Monitoring this effect over time, it was discovered that many 
taxa returned to the pretreatment condition by 4 weeks from the 
termination of the treatment, however several taxa failed to re-
cover after 6 months [66]. 
 To further demonstrate the unwanted collateral dam-
age antibiotics can have on the gut flora, one study showed that 
antibiotics not only killed bacteria, but also destroyed cells in 
the intestinal epithelium [67].   This is a serious side effect as in-
testinal epithelial cells play a crucial role in nutrient absorption 
and serves as part of our intestinal immune system, preventing 
translocation of bacteria from the gut into the bloodstream. Ad-
ditionally, antibiotics were found to inhibit mitochondrial gene 
expression in mice, cascading to further damage of the epithelial 
cell lining of the gut [67].

Broad-spectrum antibiotics disrupt gut microbial bal-
ance.
 Broad- and narrow-spectrum antibiotics differ in their 
spectrum of activity, and therefore their effect on microbial floras 
throughout the body. While both broad- and narrow-spectrum 
antibiotics have the potential to alter the composition of the gut 
microbiome, it has been observed that broad-spectrum antibi-
otics are responsible for a larger effect in terms of normal flora 
alteration [29]. In regards to diversity, broad-spectrum antibiot-
ics induce collateral damage by unintentionally reducing bacte-
rial diversity in the gut, allowing for the expansion of low diver-
sity pathogenic bacteria, an expansion and diversity profile that 
has been shown to be causative in the pathogenicity of obesity 
in numerous experiments [61, 62, 68].  Along these same lines, 
it has been found that broad-spectrum antibiotics, in particular, 
decrease the functional capacity and diversity of the gut micro-
biome, allowing for the expansion and collapse of certain indige-
nous taxa. This depletion of niche occupation in the gut allows for 
the proliferation of pathogenic bacteria that are often resistant to 
the effects of the antibiotics [68].  In a broad sense, broad-spec-
trum antibiotics reduce microbial diversity in the gut, thereby de-
stroying the innate, mutualistic colonies of bacteria necessary for 
optimal function of our “secret organ”. 
 A recent study found that the use of broad-spectrum an-
tibiotics in conventional mice led to a spike in microbiota-liberat-
ed mucosal carbohydrates that literally serve as food for oppor-
tunistic pathogens to enhance their growth into the uninhabited 
microbial niches left from the course of antibiotics [69]. However, 
in an undisturbed gut, a wide diversity of gut microbes keeps op-

Broad-Spectrum Antibiotic Abuse and its Connection to Obesity. Copyright:
© 2017 Czaja.K, et.al.



Page 7 of 21Citation: Krzysztof Czaja, Brent Gawey (2017) Broad-Spectrum Antibiotic Abuse and its Connection to Obesity. J Nutrition Health 
Food Sci 5(4): 1-21. DOI: http://dx.doi.org/10.15226/jnhfs.2017.001102

Pulverized Mangifera Indica (mango) Seed kernel Mitigated Monosodium 
Glutamate-Intoxicated rats’ Kidney Histology and Bio-functions Copyright: 

© 2017 Egbuonu and Oriji

portunistic pathogen proliferation contained through species-
species competition. Further investigations stemming from the 
previous study found that the introduction of Bacteroidetes, a 
symbiont in the gut, reduced free levels of mucosal carbohydrates 
in gnotobiotic mice, thereby limiting the growth of opportunistic 
pathogens such as Salmonella and C. difficile [69].  A similar study 
found that three different types of broad-spectrum antibiotics 
significantly reduced numbers of the targeted C. difficile, howev-
er they also unintentionally reduced the numbers of Firmicutes 
and Bacteroidetes, with a corresponding increase in the numbers 
of Proteobacteria [70]. Proteobacteria are a major phylum of bac-
teria that include a wide variety of pathogenic bacteria such as 
Escherichia, Salmonella, Vibrio, and Helicobacter [71].  Perhaps 
most significantly, recent research has shown that broad-spec-
trum antibiotics have a more significant effect on gram-positive 
species, such as Clostridium. These “Clostridial clusters” have 
been shown to favorably calibrate the immune system, and when 
antibiotics decimate their numbers, systemic inflammation re-
sults from an overactive immune response stemming from said 
immune disequilibrium. However, this same study found that 
immune equilibrium could be reestablished simply through the 
reintroduction of 46 Clostridial strains in the guts of mice [73].
 Use of broad-spectrum antibiotics leads to significant 
reductions in bacterial diversity, taxonomic numbers, and equiva-
lency of the proportions of bacterial phyla inhabiting the human 
gut [74-76].  One study noted that this decreased microbial di-
versity disrupts the crucial community relationships of not only 
bacteria, but also the other microbes that inhabit our gut [77]. 
The importance of maintaining bacteria diversity is paramount, 
as decreases in certain types of bacteria allows the proliferation 
of opportunistic pathogens due to the lack of microbial competi-
tion normally keeping these pathogenic bacteria at low numbers 
[78]. This presents an interesting paradigm shift, as normally 
non-pathogenic bacteria have the power to become pathogenic 
when microbial niches are cleared out from the use of broad-
spectrum antibiotics. A Clostridium difficile infection in is an ex-
ample of opportunistic pathogen proliferation resulting from a 
lack of species-species competition that arises as a consequence 
of broad-spectrum antibiotic use [79]. Interestingly enough, the 
most effective treatment currently available to treat Clostridium 
difficile infections is a fecal transplant. This procedure involves 
transferring fecal matter from a healthy individual to a patient 
suffering from a Clostridium difficile infection in order increase 
the bacterial diversity of the gut through the restoration of ben-
eficial bacteria killed off or suppressed from the course of broad-
spectrum antibiotics [80]. Current studies show that obese 
individuals have decreased intestinal microbial diversity in com-
parison to lean individuals [81, 82]. Therefore, it is predicted that 
the increased use of broad-spectrum antibiotics in America is 
contributing to the current obesity trends, and states with higher 
antibiotic prescription rates should demonstrate higher obesity 
rates than those with lower levels of antibiotic prescriptions. 

CHAPTER II

Methods
Data Sources and Extraction
Behavioral Risk Factor Surveillance System (BRFSS)
 Established in 1984, the BRFSS is a cross-sectional 
telephone survey initiated by the Centers for Disease Control 
and Prevention (CDC) and is used by state health departments 
to collect prevalence data regarding health-related risk behav-
iors, chronic health conditions, and use of preventive services 
amongst U.S. residents 18 years of age or older. Respondent data 
from more than 500,000 adult interviews is tabulated by the CDC 
and published at the end of the year for each state. The BRFSS is 
currently the largest health survey system currently in place in 
the United States [83]. Data sets are publicly available at www.
cdc.gov/brfss. 
 Data extracted from the BRFSS for analysis in this study 
included national and statewide obesity prevalence from 1993-
2008 and from 2011-2014. Self-reported height and weight via 
the BRFSS are used to calculate Body Mass Index (BMI) of sur-
veyed individuals, with a BMI greater than or equal to 30 distin-
guishing obesity. BRFSS measures of obesity tend to be relatively 
accurate, however studies have shown that obesity prevalence 
is most likely higher than indicated by the data due to the exag-
geration of height and the under-reporting of weight of surveyed 
individuals [84].

National Ambulatory Medical Care Survey (NAMCS)
 Established in 1973, the NAMCS is a national survey 
conducted by the National Center for Health Statistics (NCHS) for 
the CDC intended to collect objective, reliable information about 
the use of ambulatory medical care services in the United States. 
Data collected from this survey are based on a sample of visits 
to non-federal employed office-based physicians primarily en-
gaged in direct patient care. Data is collected from the physician, 
rather than the patient, allowing for an expansion of information 
not possible in other NCHS surveys. Further methodology on the 
NAMCS is available from the NCHS [85]. 
 Variables of interest from the NAMCS included the 
number of office visits by the physician’s primary diagnosis and 
antimicrobial prescriptions ranging from 1993-2008. Specific 
categories of physician primary diagnosis included endocrine, 
metabolic, nutritional, and immune related disorders; infectious 
and parasitic diseases; and sleep disorders. Specific therapeutic 
classes of antimicrobials targeted for prescription totals included 
cephalosporins and penicillins. Level of specific drug use is re-
ported in the NAMCS summary reports by total drug mentions. 
A drug mention is defined as documentation in a patient’s record 
of a drug provided, prescribed, or continued at a visit (up to 10 
per visit) [86]. Drug “mentions” and drug “use” were used inter-
changeably in this study, both representing the same value. It is 
also of importance to note that drug mentions and hospital vis-
its, along with the corresponding standard error, are reported in 
thousands unless indicated otherwise.
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 Identification and Classification of Antibiotics 
 Prescription drugs are classified and entered in the Na-
tional Ambulatory Care Drug Database System by NCHS medica-
tion codes. Medication codes are linked to drug name, generic 
name, ingredient name, therapeutic effect, or by list of active in-
gredients. Prior to 2006, every drug reported in the National Am-
bulatory Medical Care Survey was assigned characteristics based 
on the Food and Drug Administration’s National Drug Code Di-
rectory. However, in 2006, characteristics were changed in agree-
ment with those outlined by the Lexicon Plus® database of Cern-
er Multum [87].  Drug categorizations reported in the NAMCS 
annual summaries from 1993-2008 were in agreement with the 
NCHS medication codes. Prescription data extracted from the 
NAMCS summary from 1993-2008 targeted the drug most pre-
scribed within the therapeutic class of antibiotic. For penicillins 
this was Amoxicillin and for cephalosporins this was Ceftriaxone 
(Rocephin).
 Antibiotic classifications based on spectrum of activ-
ity were done in accordance with expert opinion, as established 
in previous studies [88]. Broad-spectrum antibiotics were dis-
tinguished as amoxicillin-clavulanic acid, cephalosporins, mac-
rolides, and fluoroquinolones. Narrow-spectrum antibiotics were 
distinguished as penicillin, amoxicillin, ampicillin, erythromycin, 
tetracycline, doxycycline, sulfonamides, and trimethoprim.

QuintilesIMS Xponent Data 
 The QuintilesIMS Xponent database is currently the 
most accurate measure of antibiotic prescriptions across the 
United States, capturing an estimated 100% of all outpatient pre-
scription activity in the United States through a patented projec-
tion method [89].  Despite its accuracy, public use of this data is 
not readily available in the United States. However, recent efforts 
by the CDC have made this data available at a very limited level, 
ranging from 2011-2014 [90]. 
 Variables of interest from the CDC-provided Quin-
tilesIMS Xponent data and U.S. Census files included oral antibi-
otic prescriptions dispensed per 1000 population for the years 
2011-2014. Reporting facilities comprising the presented pre-
scription rates included all community and mail order pharma-
cies, but did not include federal healthcare facilities. Total na-
tional antibiotic prescriptions were comprised of 10 antibiotic 
classes including penicillins, macrolides, cephalosporins, fluo-
roquinolones, beta-lactams (increased activity), tetracyclines, 
trimethoprim-sulfamethoxazole, urinary anti-infectives, and 
lincosamides. Specific therapeutic classes of antibiotics targeted 
for state-to-state analysis included penicillin, macrolides, fluo-
roquinolones, and cephalosporins. Classifications of antibiotics 
are based on the QuintilesIMS Uniform System of Classification 
[91].  Along these parameters, beta-lactam antibiotics were dis-
tinguished as penicillins and cephalosporins.

Statistical analysis
 Data from the NAMCS, BRFSS, and QuintilesIMS Xponent 
database were combined for analysis. Relationships between to-
tal antibiotic use on a national and state level were analyzed in 
comparison to national and state levels of obesity prevalence. 

Analysis of antibiotic use included a breakdown into specific 
therapeutic categories to establish which classes were most sig-
nificantly correlated with the state and national obesity rates. 
Statistical analysis of corresponding data used Microsoft Excel® 
to compute the Pearson product-moment correlation coefficient 
(r) and an associated p-value, with p< .0001 considered statis-
tically significant unless indicated otherwise. Correlation coeffi-
cients from the analysis were tabulated and graphed. To measure 
changes in antibiotic prescription rates and categories of primary 
diagnosis over time, a trend line was fitted to the data displaying 
the R-squared value as a measure of fit of the trend line. Error 
bars for class distinctions between antibiotics were calculated in 
accordance with NCHS recommendations. Timeframes targeted 
for analysis in this study were determined by the availability of 
antibiotic prescription data for those years. 

Chapter III

Results
State-distinguished antibiotic use and obesity rates 
show similar patterns of distribution.
 Antibiotic prescriptions dispensed in U.S. community 
pharmacies per 1000 population decreased from 877 in 2011 to 
835 in 2014. However, an individual comparison of states shows 
noteworthy differences in the amount of prescriptions dispensed 
over this time period by each state. Similar patterns in self-re-
ported adult obesity (18 years ≥) were observed over this same 
period (Figure 1).
 Over the study period (2011-2014), state obesity rates 
were positively correlated with the total amount of antibiotics 
prescribed in each state. Further analysis indicated variance be-
tween individual therapeutic antibiotic classes and relationships 
with the state obesity rate. Cephalosporin prescription rates 
demonstrated the strongest relationship with the variance in 
state obesity rates for all four years of the study period (2011-
2014). All correlations were found to be significant (p< .0001; 
Figure 2).
 All correlations were significant (p< .0001). Error bars 
indicate 95% confidence intervals. Beta-lactam category includes 
penicillins and cephalosporins. All classes category includes 
penicillins, macrolides, cephalosporins, fluoroquinolones, beta-
lactams (increased activity), tetracyclines, trimethoprim-sul-
famethoxazole, urinary anti-infectives, and lincosamides. Thera-
peutic classes are based on the QuintilesIMS Uniform System of 
Classification. See Table 2 (Appendix) for tabulated values. 
*=indicates strongest correlation for a given year.

Beta-lactam Prescriptions and Obesity.
 Distinguished as the therapeutic class most strongly 
correlated with state obesity rates, cephalosporin prescription 
rates were tracked in an expanded time period (1993-2008) to 
investigate correlated changes with the obesity rate. Additionally, 
penicillin prescription rates were tracked over this period to pro-
vide comparison to another type of antibiotic in the beta-lactam 
therapeutic class, with the intention of highlighting characteristic 
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Figure 1:Comparison of prevalence maps for community antibiotic prescriptions per 1,000 population by state and self-reported obesity by state. 
Outpatients aged 18 and older, U.S. 2011-2014. 

Figure 2:  Graphical representation of correlations between state antibiotic prescriptions per 1,000 population and self-reported obesity rate by 
state.
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Table 2:  Correlation coefficient (r) and associated p-value for state-
associated antibiotic prescriptions per 1000 people and self-reported 
obesity rate (2011-2014).

Correlation Coefficient (r) P Value

2011

Fluoroquinolones .53 7.17E-05**

Penicillins .54 4.29E-05**

Cephalosporins .69* 1.96E-08**

Macrolides .62 9.09E-07**

Beta-lactamsi .66 1.48E-07**

All Classes+ .67 6.91E-08**

2012

Fluoroquinolones .59 5.66E-06**

Penicillins .55 3.29E-05**

Cephalosporins .72* 2.42E-09**

Macrolides .68 4.95E-08**

Beta-lactamsi .67 6.67E-08**

All Classes+ .70 1.71E-08**

2013

Fluoroquinolones .61 2.56E-06**

Penicillins .58 1.11E-05**

Cephalosporins .68* 5.24E-08**

Macrolides .65 2.81E-07**

Beta-lactamsi .66 1.77E-07**

All Classes+ .66 1.25E-07**

2014

Fluoroquinolones .60 4.00E-06**

Penicillins .58 1.12E-05**

Cephalosporins .72* 2.45E-09**

Macrolides .67 8.16E-08**

Beta-lactamsi .68 5.18E-08**

All Classes+ .67 7.86E-08**

differences between the two drugs. Based on the availability of 
data from the NAMCS summaries, the most frequently mentioned 
generic equivalent of the specific therapeutic class of beta-lactam 
antibiotic was used as a representative sample for the class as a 
whole. The most frequently mentioned generic equivalents were 

Ceftriaxone (Rocephin) for cephalosporins and Amoxicillin for 
penicillins. Trend analysis over this period found a strong rela-
tionship between Ceftriaxone drug mentions and national preva-
lence of obesity (r=.96, p= 6.07E-9; Figure 3A), while lacking to 
demonstrate the same strength of relationship for Amoxicillin 
drug mentions (r=.18, p= .525; Figure 3B) Over this period, Ceftri-
axone increased by 110.7% from 1559 mentions (s=147) in 1993 
to 3284 mentions (s=210) in 2008, while Amoxicillin remained 
relatively stable, showing a .91% increase from 3532 mentions 
(s=312) in 1993 to 3564 mentions (s=276) in 2008 (Figure 3). 

Figure 3: Trends in (A) Ceftriaxone and (B) Amoxicillin drug mentions 
and self-reported obesity in the United States (1993-2008).

 Drug mention data is from NAMCS Emergency Depart-
ment summaries and self-reported obesity data are from the 
BRFSS. Drugs names are based on Multum Lexicon terminology 
(drug name reflects the active ingredients of a drug).

Cephalosporin use poses potential adverse side effects.
  Proposed risks with antibiotic use were tracked from 
1993 to 2008 and were based on NAMCS summary data. Over 
this period, number of hospital visits for sleep disorders showed 
a 483.7% increase from 1.47 million in 1993 to 8.58 million in 
2008. Although Ceftriaxone use demonstrated a significant, posi-
tive relationship with hospital visits for sleep disorders (r=.94, 
p<.0001; Figure 4A), Amoxicillin use did not (r=.24, n.s.; Figure 
4A). Hospital visits for endocrine, nutritional, metabolic diseases 
and immunity disorders (NEMIDs) showed a 121.9% increase 
over the study period, increasing from 25,428 visits in 1993 to 
56,417 visits in 2008. Ceftriaxone use over this period showed 
a significant, positive relationship with associated NEMID hos-
pital visits (r=.83, p< .0001; Figure 4B) whereas Amoxicillin use 
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Figure 4:  Trends in Ceftriaxone and Amoxicillin drug mentions and physician primary diagnosis of (A) sleep disorders; (B) endocrine, nutritional, 
metabolic diseases and immunity disorders (NEMIDs); (C) diabetes mellitus; and (D) infectious and parasitic diseases (IPDs).

did not (r=.002, n.s.; Figure 4B). Hospital visits for diabetes over 
this period increased by 95.2% from 12,997 in 1993 to 15,365 in 
2008. Ceftriaxone drug mentions over this time period showed 
a positive, significant relationship with hospital visits for diabe-
tes mellitus (r=.77, p<.001; Figure 4C), however Amoxicillin use 
did not (r=-.15, n.s.; Figure 4C). Hospital visits for infectious and 
parasitic diseases (IPDs) showed a 10.9% increase from 21,828 
visits in 1993 to 24,213 visits in 2008. A moderately positive re-
lationship was found with Ceftriaxone use (r=.54, p<.05; Figure 
4D), but not with Amoxicillin use (r=-.24, n.s.; Figure 4D).  
 Time period of study is 1993-2008. Drug mention and 
physician primary diagnosis data are from NAMCS Advanced 
Data summaries.

Chapter IV

Discussion/Conclusion
Antibiotic use is related to state differences in obesity.
 A crude comparison of state-distinguished antibiotic 
use and obesity rates show similar patterns of distribution from 
2011 to 2014 (Figure 1). When this distribution was further bro-
ken down into individual therapeutic classes of antibiotics, it was 
discovered that cephalosporin prescriptions per 1000 popula-
tion in each state demonstrated the strongest correlation with 
the associated state obesity rate (Figure 2; Table 2) Cephalospor-
ins are part of a broader class of antibiotics called beta-lactams. 
This therapeutic class functions through competitive inhibition of 
the transpeptidase enzyme, thus preventing it from cross-linking 
peptidoglycan units, resulting in disrupted bacterial cell wall syn-
thesis [91]. Other antibiotics in this broader class include penicil-

lins, monobactams, and carbapenems. 
 For this study, penicillins were considered separately 
from cephalosporins and in conjunction with cephalosporins as 
part of the beta-lactam class in regards to comparison of antibi-
otic prescriptions and state obesity prevalence. Over the study 
period (2011-2014), it was discovered that penicillins demon-
strated the lowest average correlation with state obesity preva-
lence out of all antibiotics considered, despite having the same 
structural, pharmacological, and mechanistic action as cephalo-
sporins. By comparison, cephalosporins consistently showed the 
strongest relationship with state obesity rates over the study pe-
riod [92]. Further investigation of this difference revealed a po-
tential underpinning for the observed correlational differences. 
Penicillins are a class of antibiotics considered narrow in their 
spectrum of activity, primarily targeting gram-positive bacteria. 
However, cephalosporins are considered broad in their spectrum 
of activity and can elicit potentially harmful collateral damage 
on the normal gut flora due to their effect on both gram-positive 
and gram-negative bacteria throughout the body [93]. While co-
relational results do not imply causation, it is interesting to note 
how the change from a broad- to narrow-spectrum drug in the 
same mechanistic class of antibiotics can significantly reduce the 
relationship with obesity prevalence. This suggests that the in-
creased spectrum of activity can have severe consequential side 
effects through disruption of the normal gastrointestinal flora, 
manifesting is a rather morbid fashion through increased state 
obesity rates. The increased collateral damage on GI flora brought 
on by a course of broad-spectrum antibiotics has been noted in 
multiple studies, while failing to find the same effect from nar-
row-spectrum antibiotic use [94-96]. 
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Obesity rates demonstrate a stronger relationship 
with cephalosporin drug mentions than amoxicillin 
(1993-2008).
 The notable difference between cephalosporin and 
penicillin prescriptions with state obesity rates prompted an ex-
panded investigation of the use of these beta-lactam antibiotics 
and associated obesity rates on a national scale. For this expand-
ed study period (1993-2008), the prescription levels of the most 
frequently mentioned cephalosporin and penicillin were tracked. 
Drug mentions are defined by the NAMCS as documentation in a 
patient’s record of a drug provided, prescribed, or continued at 
a visit [97]. For this time period, Ceftriaxone was the most fre-
quently mentioned cephalosporin and Amoxicillin was the most 
frequently mentioned penicillin. 

Pharmaceutical Characteristics of Ceftriaxone and 
Amoxicillin.
 Cephalosporins are classified by “generation” which 
denotes spectrum of antimicrobial activity. As cephalosporins in-
crease in generations, their spectrum of activity increases, with 
an increased effect on gram-negative bacteria and increased be-
ta-lactamase stability. Ceftriaxone is a third-generation cephalo-
sporin (3gc) considered broad in its spectrum of activity due to 
its effect on both gram-positive and gram-negative bacteria [98].
 Amoxicillin is considered an aminopenicillin within 
the penicillin class [99]. Amoxicillin is considered narrow in its 
spectrum due to its high susceptibility of degradation by beta-
lactamase-producing bacteria [99, 100].  Due to this susceptibil-
ity, Amoxicillin is generally prescribed with Clavulanic acid, an in-
hibitor of beta-lactamase enzymes, becoming broad-spectrum in 
this combination [100]. However, for this study, Amoxicillin was 
administered without Clavulanic acid, thereby rendering its spec-
trum narrow due to the high level of microorganisms resistant to 
its mechanistic effects [101]. 

Ceftriaxone demonstrates a strong relationship with 
the national obesity rate over time.
 Comparison of Ceftriaxone and Amoxicillin serves use-
ful in the understanding of how broad and narrow-spectrum an-
tibiotics differ in their associated correlations with the obesity 
rate due to their similar classification as beta-lactam antibiotics. 
Over this period, it was discovered that Ceftriaxone correlated 
very strongly with the obesity rate (r=.96, p< .0001; Figure 3A), 
whereas Amoxicillin showed a weak correlation (r= .18, p=.53; 
Figure 3B). Numerous studies have found that an altered gastro-
intestinal flora is associated with obesity [102-104].  Therefore, 
despite the lack of causality power provided by correlations, the 
use of obesity as a marker of microbial disturbance allows for a 
rudimentary understanding of the potential severity of broad-
spectrum antibiotic induced side effects on normal microbial 
flora when compared to narrow-spectrum antibiotics. 

Ceftriaxone drug mentions are strongly correlated 
with hypothesized side effects of broad-spectrum 
antibiotic use. 
 A mechanism explaining the association between Cef-

triaxone use and the proposed side effects will be discussed in 
section 4.4. 

Ceftriaxone drug mentions demonstrate a positive re-
lationship with hospital visits for sleep disorders.
 From 1993-2008, Ceftriaxone drug mentions demon-
strated a strong relationship with hospital visits for sleeping dis-
orders (r=.94, p< .0001; Figure 4A), whereas, Amoxicillin did not 
(r=.24, n.s.; Figure 4A). Maintaining interpretations within the 
realm of broad- and narrow-spectrum antibiotic comparison, it is 
clear that an interaction is occurring between increased spectrum 
of antibiotics and sleep disorders. The proposed mechanism will 
explore the co-relational differences in light of inflammation and 
neuroendocrine irregularities.  

Ceftriaxone drug mentions demonstrate a positive re-
lationship with hospital visits for endocrine, nutrition-
al, metabolic diseases, immunity disorders (NEMIDS) 
and diabetes mellitus.
 From 1993-2008, hospital visits for NEMIDs showed a 
strong, positive relationship with Ceftriaxone mentions (r=.83, 
p< .0001, Figure 4B) whereas Amoxicillin mentions did not 
(r=.002, n.s.; Figure 4B). Examples of NEMIDs include disease of 
endocrine and thyroid glands; nutritional deficiencies; disorder 
of lipid, amino acid, mineral, and carbohydrate metabolism; acid-
base imbalances; and disorders involving immune mechanism. 
Further coding of NEMIDs can be found in CDC codings contained 
in ICD-9 [105]. Over this same time period, it was found that hos-
pital visits for diabetes mellitus was strongly related with Ceftri-
axone mentions (r=.77, p<.001; Figure 4C), however no signifi-
cant relationship was found with Amoxicillin (r=-.15, n.s.; Figure 
4C). As noted before, the suspected collateral damage stemming 
from a course of broad-spectrum Ceftriaxone in comparison to 
narrower spectrum Amoxicillin is highlighted, with additional 
evidence supporting the hypothetical side effects (discussed in 
4.4). 

Ceftriaxone drug mentions were not associated with a 
decrease in hospital visits for infectious and parasitic 
diseases. 
 From 1993-2008, hospital visits for infectious and para-
sitic diseases (IPDs) increased by 10.9% and demonstrated a pos-
itive relationship with Ceftriaxone mentions (r=.54, p<.05; Figure 
4D). However, a negative relationship with Amoxicillin mentions 
was discovered (r=-.24, n.s.; Figure 4D). These results prove inter-
esting as antibiotic prescriptions are expected to show negative 
associations with hospital visits for infectious and parasitic dis-
eases. However, it is key to note that while Ceftriaxone mentions 
were positively correlated with IPDs, Amoxicillin showed a weak, 
but negative association. This result provides an interesting area 
of investigation, as Amoxicillin, a narrow-spectrum antibiotic, ap-
pears to have increased effectiveness in treating IPDs than does 
Ceftriaxone, a broad-spectrum antibiotic.  Additionally, Amoxicil-
lin use was not significantly correlated with any of the proposed 
adverse effects of antibiotic use, suggesting a limited collateral 
effect on our GI flora (Figure 4A-D). Despite the limited causality 
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power provided by correlations, if these associations hold true 
in an experimental format, perhaps broad-spectrum antibiotics 
are not as effective as current knowledge posits, and the current 
trend in increased broad-spectrum antibiotic use is doing us sub-
stantially more harm than good. If narrow-spectrum antibiotics 
prove to be more effective at treating IPDs, then that points a fin-
ger to broad-spectrum antibiotics as a possible contributing cul-
prit for many of the chronic disease patterns currently occurring 
in the United States.
 However, it is also important to consider resistance as 
an explanation for these patterns. Current studies and clinical ob-
servations have noted the increased resistance of gram-negative 
bacteria in response to third generation cephalosporin use, such 
as Ceftriaxone. When a course of cephalosporins is administered, 
a unique niche opening is given to these opportunistic, gram-
negative bacteria. Due to the spectral nature of third-generation 
cephalosporins, the commensal gram-positive bacteria inhabiting 
the mucosal layer of the GI track remain susceptible, giving the 
increasing number of resistant gram-negative bacteria the oppor-
tunity to rapidly expand into niches vacated by wiped out gram-
positive bacteria communities. This opportunistic growth allows 
normally non-threatening gram-negative bacteria to develop a 
pathogenic presence. Amoxicillin also suffers from a high level of 
microbial resistance, however, gram-positive bacteria tend to be 
resistant, thereby keeping opportunistic pathogens in check. In 
fact, due to this resistance, Amoxicillin is rarely prescribed with-
out Clavulanic acid in current practices. The narrowed spectrum 
of Amoxicillin leaves gram-negative bacteria relatively undis-
turbed, preventing the opportunity for these species to develop 
resistance. Additionally, the increased resistance of gram-positive 
bacteria, most of which are commensal and make up the mucosal 
lining of the gut, prevents the niche vacation associated with 
broad-spectrum antibiotic use, thereby preventing opportunistic 
gram-negative growth.

Proposed mechanisms of antibiotic-induced obe-
sity 
Broad-spectrum antibiotic use elicits gut dysbiosis.
 Insight regarding a pathway for the manifestation of 
obesity and hypothetical side effects associated with broad-
spectrum antibiotic use finds its cornerstone at gut dysbiosis. 
Dysbiosis refers to an alteration of the endogenous flora in our 
gut, predisposing an individual to microbial overgrowth and a 
loss of normal gut function. This microbial imbalance in the gut is 
mechanistically linked to a disruption of metabolic and immune 
response pathways throughout the body [106, 107]. To best un-
derstand the significance of this effect, it is useful to view the gas-
trointestinal tract as a rainforest, containing an abundance of mi-
crobial species, each inhabiting a unique niche, with community 
ecology playing a crucial role for overall function. Maintenance 
of a stable, balanced, and diverse microbial community within 
the gut is absolutely critical for overall health. When this proper 
microbial balance is disturbed, a significant amount of “niche 
opening” occurs, allowing for the pathogenic overgrowth of op-
portunistic species both commensal and inherently pathogenic in 
nature. One study demonstrated this effect, showing that a dis-

rupted gut flora contained significantly less species diversifica-
tion when compared to a “healthy” gut due to opportunistic over-
growth of microbial species [108]. Aristotle noted, “Virtue…is a 
mean between two kinds of vice, one of excess and the other of 
deficiency” [109]. Paralleling this ideology, a balanced gut should 
avoid any behavior promoting unbalanced growth in either realm 
of excess or deficiency. Unfortunately, severe disturbance of the 
endogenous gut flora can be brought about through a variety of 
different factors including, but not limited to, dietary composi-
tion, stress, and antibiotic therapies [110]. In accordance with the 
results of this study, antibiotic therapies will be targeted in the 
mechanistic focus.
 Returning to the view of the gut as a diverse ecosys-
tem, antibiotics can be equated to fire. However, not all antibi-
otics burn a flame of the size. Broad-spectrum antibiotics enter 
the gut with the power of a flamethrower, capable of evoking an 
enormous disruption of species balance, allowing for overgrowth 
of opportunistic species into vacated niches normally inhabited 
by commensal microbes. In contrast, narrow-spectrum antibiot-
ics can barely even find our rainforest, and if they do, they enter 
with the power of a single match, causing little to no effect on 
our microbial composition. Within the realm of broad-spectrum 
flamethrowers, this study warrants a particular attention to Cef-
triaxone, and by appropriate comparison, Amoxicillin, match-like 
in its effect, and contained within the realm of narrow-spectrum 
antibiotics.
 Ceftriaxone is properly classified as a third-generation 
cephalosporin (3gc), a class of antibiotics capable of procuring 
enormous disruptions to the endogenous gastrointestinal (GI) 
communities due to their spectrum of activity. Additionally, drugs 
in this antimicrobial class, have been notoriously noted for their 
selective encouragement of the rapid overgrowth of multi-drug 
resistant bacteria, unable to be eliminated or inhibited by further 
antimicrobial therapy [111-113]. If 3gc use continues at current 
levels, the proliferation of resistant, pathogenic gram-negative 
organisms could destroy current methods of infectious disease 
treatment, bringing dire consequences for human health with it.
 Third-generation cephalosporin-associated microbial 
overgrowth is not solely limited to inherently pathogenic species, 
as many commensal species can become pathogenic when al-
lowed uninhibited sites for colonization [114-116]. As the saying 
goes, “the dose makes the poison.” [117]. For example, coagulase-
negative staphylococci, Pseudomonas aeruginosa, and Candida 
albicans are all normally commensal organisms that can develop 
pathogenic qualities in the instance of 3gc use [118-120]. These 
microbial imbalances are often of more concern than inherently 
pathogenic organisms, as infectious signs of inherently pathogen-
ic microbes are commonly known and readily identified, whereas 
infectious signs of commensal microbe overgrowth can go un-
detected or be symptomatically assigned to a different etiology. 
By comparison, some inherently pathogenic organisms prone to 
3gc-induced overgrowth due to their remarkable resistance to 
this class of drugs are Clostridium difficile, penicillin-resistant 
pneumococci, and methicillin-resistant Staphylococcus aureus 
(MRSA) [111].

Broad-Spectrum Antibiotic Abuse and its Connection to Obesity. Copyright:
© 2017 Czaja.K, et.al.



Page 14 of 21Citation: Krzysztof Czaja, Brent Gawey (2017) Broad-Spectrum Antibiotic Abuse and its Connection to Obesity. J Nutrition Health 
Food Sci 5(4): 1-21. DOI: http://dx.doi.org/10.15226/jnhfs.2017.001102

Pulverized Mangifera Indica (mango) Seed kernel Mitigated Monosodium 
Glutamate-Intoxicated rats’ Kidney Histology and Bio-functions Copyright: 

© 2017 Egbuonu and Oriji

 Evidence of antibiotic-induced states of overgrowth and 
dysbiosis often quickly manifest through opportunistic bacterial 
or yeast infections. For example, Enterococcal bacteremia is of-
ten noted to develop following cephalosporin use, indicative of 
cephalosporin-resistant Enterococcal colonies expanding beyond 
their normal limits and into the blood [121]. Additionally, in con-
trolled human trials, individuals given a cephalosporin developed 
Candidiasis, a systemic infection of a normally commensal fun-
gus, within 2 to 3 days following treatment, indicating Candida 
overgrowth into vacated niches [122]. However, in a separate 
study, individuals given amoxicillin showed no increase in yeast 
colonization while similar experimental conditions were main-
tained [123]. These results support the study’s hypothesis, claim-
ing that broad-spectrum antibiotics elicit a greater disturbance 
of non-targeted GI flora than do narrow-spectrum antibiotics, 
thereby presenting an increased risk for metabolic- and immune-
related side effects. Resistant organisms are of particular interest 
to an understanding of 3gc-induced microbial shifts, as resistance 
allows overgrowth into GI niches vacated by susceptible species. 
Therefore, this model of resistance-permitted overgrowth is key 
to understanding the development of gut dysbiosis and its direct 
effects on gut function.

Broad-spectrum induced gut dysbiosis causes in-
creased intestinal permeability and low-grade, sys-
temic inflammation. 
 Sitting at one of the most dramatic and cascading mech-
anistic cornerstones involved in gut health is intestinal perme-
ability. The intestinal wall is composed of four layers and serves a 
crucial role as the first mechanism of defense for the GI immune 
system. The individual layers of the intestinal wall are the mu-
cosa, submucosa, muscularis propria, and the serosa. The mu-
cosa layers serves as the most important for absorptive function, 
made up of a single layer of epithelial cells, connected by tight 
junctions. Epithelial cells are crucially responsible for keeping 
intestinal bacteria and their associated toxins contained inside 
the gut and out of contact with the rest of the body. Underneath 
the mucosa layer, the submucosa consists of a variety of inflam-
matory and lymphatic cells, autonomic nerve fibers, and ganglion 
cells, which play a role in immune function and gut-brain com-
munication [124]. The intestinal epithelium lining is kept intact 
primarily by a group of three gram-positive, commensal bacteria 
belonging to the genus of Clostridium, Lactobacillus, and Entero-
coccus [42]. These intestinal symbionts communicate through the 
secretion of chemical metabolites, allowing for the maintenance 
of intestinal wall integrity. One example of the interplay between 
these species and intestinal epithelium involves the production of 
a metabolite called 3-propionic acid (IPA) by Clostridium sporo-
genes [125]. These metabolites function by binding to the preg-
nane X receptor (PXR) inside the nucleus of intestinal epithelial 
cells. This binding activates the pregnan X receptor (PXR) inside 
the nucleus of intestinal epithelial cells, leading to the activation 
of junction protein-coding mRNAs. Tight junction proteins are re-
sponsible for maintaining epithelial integrity via strengthening of 
the connection between adjacent epithelial cells of the mucosal 
lining. Additionally, PXR activation results in the suppression 

of tumor necrosis factor alpha (TNF-α), a pro-inflammatory cy-
tokine contained within the submucosa [126].
 Unfortunately, these intestinal symbionts are very 
susceptible to antibiotic treatment, especially that of third-gen-
eration cephalosporins [113]. 3gc administration results in the 
partial depletion of commensal, mucosal bacteria, which are re-
sponsible for preventing intestinal bacteria from passing through 
the intestinal wall and into the bloodstream. The deleterious ef-
fect of intestinal symbiont death was demonstrated in a study 
showing that a disruption of IPA and PXR signaling led to a “dis-
tinctly leaky intestinal epithelium pathology” [126]. Additionally, 
an absence of IPA led to the increased proliferation of enterocyte-
mediated inflammatory cytokine TNF-α [126]. Further studies 
have found that the endogenous lectin complement pathway also 
plays a key role in the initiation of intestinal inflammation, which 
is normally mediated by an intact epithelium [127]. Not only do 
3gc kill off commensal microbes, whose metabolic byproducts 
improve tight junctions between epithelial cells, but this dam-
age also induces further intestinal inflammation, thereby dem-
onstrating the unfavorably synergistic way 3gc use can affect the 
gut.
 The depletion and subsequent loss of mucosal-main-
taining metabolites can lead to increased intestinal permeability, 
characteristically described as Leaky Gut Syndrome. This syn-
drome indicates that damage to the intestinal lining has caused 
it to become increasingly porous, allowing for toxins, waste, and 
undigested food molecules to freely flow into the bloodstream 
[128]. Perhaps the most dangerous content to leak from the gut 
into the bloodstream is bacterial Lipopolysaccharide (LPS). LPS 
is a heat stable endotoxin, serving as the major component of 
the outer membrane of gram-negative bacteria. LPS is composed 
of a polysaccharide chain, an oligosaccharide chain, and an im-
munostimulatory lipid A section [129]. When Lipid A of LPS is 
encountered by the host immune system, a strong immune re-
sponse is initiated, leading to low-grade systemic inflammation 
[130]. LPS is a potent pro-inflammatory cytokine inducer, be-
ing deemed the triggering inflammatory factor causative of the 
onset of insulin resistance, obesity, and diabetes [131]. The im-
mune response mounted to LPS is initiated by pro-inflammatory 
cytokines, with increased TNF-α and interleukin (IL)-1ß mRNA 
expression in less than an hour from the initial exposure [132]. 
This immune response invariably results in low-grade, systemic 
inflammation, which has been termed, “the silent fire”, due to 
its relatively unnoticeable effects on a macroscopic level until it 
reaches a chronic state [133].  Current studies have found that 
increased plasma levels of these pro-inflammatory cytokines 
are increased in the insulin resistant states of obesity and type 2 
diabetes [134]. The proliferation of TNF-α in particular has been 
shown to promote additional pro-inflammatory cytokine release 
and an associated reduction in anti-inflammatory cytokines, such 
as adiponectin [135]. While low grade, systemic inflammation is 
a necessary part of a healthy immune response, when allowed to 
persist at a chronic level, this “silent fire” can cause enormous 
detriments to health, predisposing an individual to many chronic 
diseases. 
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Low-grade systemic inflammation is a precursor for 
chronic disease.
 The death of significant portions of our intestinal sym-
bionts leads to a damaged intestinal epithelium, overgrowth of 
opportunistic pathogens, and subsequent submucosal inflamma-
tion. These factors collectively contribute to intestinal hyper-per-
meability, which allows intestinal contents passage into the blood 
stream. Detection of intestinal contents in systemic circulation 
results in a cytokine-mediated immune response that promotes 
the development of low-grade, systemic inflammation.
 Pro-inflammatory cytokines have a variety of harmful 
effects on hormones and neurotransmitters directly tied to meta-
bolic function, sleep, and eating behaviors. Their relatively quick 
activation and sustained proliferation following LPS exposure is 
concerning, however, the cycles of resistance and physiological 
malfunction resulting from their cyclic activation proves to be of 
more pressing interest [132]. Crucial to understanding the mani-
festation of their effects, the molecular targets of pro-inflamma-
tory cytokines must be highlighted.
 Pro-inflammatory cytokines alter the metabolism of 
monoamines, including norepinephrine, serotonin, and dopa-
mine [136]. Abnormal levels of these neurotransmitters have 
been linked to mood, sleep, and metabolic disorders [136-138]. 
The strong correlation of Ceftriaxone with sleep disorders, obe-
sity, and diabetes indicated by the results of this study seem to be 
better understood in light of this cytokine-mediated mechanism 
resulting from broad-spectrum induced gut dysbiosis (Figure 
3A; 4A,C). Pro-inflammatory cytokines have also been noted to 
activate Corticotrophin-Releasing Hormone (CRH), which has a 
strong stimulatory effect on the Hypothalamic–Pituitary–Adre-
nal axis (HPA axis), a complex feedback loop between three ma-
jor endocrine glands responsible for hormone production. As a 
potential manifestation of these irregular hormonal activation, 
studies have found increased levels of CRH in patients with de-
pressive behavior, altered appetite, and disrupted sleep patterns 
[139]. Studies have also found that alterations to the bodyweight/
appetite/satiety set point determined by the hypothalamus is al-
tered by increased levels of cytokines and activation of the HPA 
axis by CRH [140]. Along with the stimulatory effects they have 
on the HPA axis, pro-inflammatory cytokines illicit glucocorticoid 
resistance through direct interaction with glucocorticoid recep-
tors [136]. This interaction leads to an induction of glucocorticoid 
hormonal resistance in nervous, endocrine, and immune system 
tissues prompting disorder and disease of these systems [141]. 
This helps provide mechanistic understanding to the notable cor-
relations found in this study (Figure 4B). Additional studies have 
found a persistence of increased levels of plasma pro-inflamma-
tory cytokines in the insulin resistant states of obesity and type 
II diabetes. This suggests that low-grade, systemic inflammation 
in response to LPS, persists over a chronic period of time, silent-
ly burning, until it manifests as a chronic disease [142]. From a 
mechanistic point of view, once an individual reaches this state, 
a vicious cycle of metabolic and immune imbalance is entered, 
which can promote the development of a variety of chronic condi-
tions. 

 The pathophysiology of obesity is undoubtedly com-
plex, involving the interaction of numerous pathways and signal-
ing molecules, each with a variety of factors contributing to their 
circulating level. Tracing the interplay of cytokines, hormones, 
and neurotransmitters in regards to the development of obesity 
provides a mechanistic complexity, as a seemingly infinite num-
ber of interactions and effects directly related to human disease 
can take place. In no way is a conclusion regarding an understand-
ing of the progression of obesity in totality being offered at this 
point. However, by starting a mechanistic search for obesity at the 
end point, and tracing it back along its known causal pathways 
in association with related conditions, the GI biome frequently 
serves as a mechanistic stepping-stone that can frequently be 
called home. At a minimum, evidence of the threads connecting 
humans directly to their microbial world should prompt behavior 
avoidant of dysbiosis and pursuing microbial harmony. However, 
one way this harmony is guaranteed disruption is through the use 
of broad-spectrum antibiotics. The resulting dysbiosis has clearly 
been shown to induce serious consequences for health, many 
of which have been demonstrated through an evidence-backed 
mechanism and the relationships found in this study (Figure 4A-
D). 

Pharmaceutical approaches to maintain gut 
health.

Antibiotics demonstrating high gram-negative re-
sistance and low gram-positive resistance should be 
avoided.
 As the results of this study suggest, not all antibiot-
ics are created equal. Many antibiotics are incredibly beneficial, 
while others seem to do more harm than good. Through the anal-
ysis of specific bacterial roles in the GI tract and investigation of 
patterns of resistance and their associated side effects, an ideal 
of the “worst” antibiotic will be presented. Based on the largely 
inherent pathogenicity of gram-negative bacteria and the strong 
cascade of inflammatory effects they elicit, the “worst” antibiotic 
is one that is broad in its intended spectrum, yet it is associated 
with high levels of pathogenic, gram-negative resistance and low 
levels of commensal, gram-positive resistance. This type of resist-
ance pattern is seen for Ceftriaxone, making it a very dangerous 
antibiotic in theory due to its resistance-dampened impact on 
pathogenic gram-negative species, yet maintained effectiveness 
on commensal, gram-positive species in the gut. Resistance pat-
terns such as this allow for pathogen proliferation and increased 
intestinal permeability due to overgrowth into the normally com-
mensal niches left behind by Ceftriaxone-susceptible organisms 
responsible for maintaining gut balance and intestinal integrity. 
Despite the limited power of causality provided by co-relational 
relationships, the high predictive power of Ceftriaxone use for 
hospital visits for sleep disorders, NEMIDs, and diabetes mellitus 
in comparison to narrow-spectrum Amoxicillin tends to support 
the mechanistic outputs of taking broad-spectrum agents with 
the aforementioned resistance patterns. By comparison, the most 
“ideal” antibiotic in theory would be one narrow in spectrum, 
demonstrating a very targeted mechanism of action, and eliciting 
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little to no collateral damage on the endogenous species of the 
gut. If bacteria were to develop resistance from overuse of this 
antibiotic, then ideally it would be gram-positive bacteria, since a 
majority of the commensal microbes in the GI tract are gram-pos-
itive and are responsible for maintaining intestinal integrity, thus 
muting the niche clearance-associated overgrowth seen with 3gc 
use. 
 The proposition of the most “ideal” antibiotic theoreti-
cally promotes an increased use of narrow-spectrum antibiotics 
in a prescriber setting. However, this ideology reaches commer-
cial roadblocks when considered in a real world context. Pharma-
ceutical companies are the main avenue of antibiotic distribution, 
yet they receive very low returns on new antibiotic production 
and exploration. These low returns are primarily based on the 
short-term use of antibiotics, with buyers experiencing an almost 
immediate termination of infection, thus discontinuing product 
use. From a producer point of view, this is not a profitable situ-
ation, as the consumer is no longer paying the pharmaceutical 
company once treatment is stopped. Additionally, the money 
needed to keep up with the rate of microbial resistance is not 
equally met in consumer purchases due to the inconsistency of 
infection. In contrast, pharmaceutical companies receive a sig-
nificantly greater return on chronic illness medications, which a 
patient typically has to take for the rest of their life, thereby pay-
ing the pharmaceutical company for the rest of their life. Through 
this realization of profit maximization, pharmaceutical compa-
nies turn their drug development targets to these chronically ill  
“profitable humans”, roughly marking human health as an unde-
sirable commodity. As a result, pharmaceutical companies tend to 
offer a limited number of broad-spectrum antibiotics rather than 
a wide range of narrow-spectrum antibiotics as deemed ideal.  
Additionally, these broad-spectrum antibiotics are widely used 
and often improperly prescribed, contributing to an associated 
high level of resistance that promotes pathogenic overgrowth and 
commensal depletion [143]. At his Nobel Lecture in 1945, Flem-
ing questioned who was responsible for death from an infectious 
disease, the microbe, or the individual who conditioned its resist-
ance through improper use of the antibiotic [144].
 The current economic and resistance ridden state of an-
tibiotics, tends to suggest the modern age of antibiotics is coming 
to an end, much like the crisis associated with the depletion of 
fossil fuels, forcing a turn towards new resources. Adoption this 
view of antibiotics as a limited commodity, an increased respon-
sibility can be assigned to the appropriateness of their use and 
an increased attention to the consideration of spectrum. How-
ever, based on the results and discussion presented in this study, 
perhaps the result lies within our microbes. By maintaining a 
balanced microbial ecology, especially in regard to commensal 
species, the need for antibiotic therapy in the first place may be 
avoided, as a balanced gut maintains diversity and prevents the 
opportunistic overgrowth commonly characterizing infections.

Combined Antifungal and Antibiotic Therapy. 
 The idea of getting an antifungal prescription with an 
antibiotic to treat a bacterial infection seems perplexing in its na-
ture. However, this idea of dual microbial therapy is not a new 

one, as a 1976 article encourages the clinical effectiveness of its 
implementation [146]. This prescribing strategy could prove to 
be enormously beneficial in stopping antibiotic-induced infec-
tions, such as Candidiasis. As previously discussed, the symptoms 
manifesting from Candida overgrowth can be somewhat mislead-
ing and are often treated symptomatically due to the unknown 
etiology of the symptoms. However, through the prescription of 
an antifungal with the antibiotic, the opportunistic Candida spe-
cies can be kept from expanding into these antibiotic-vacated 
niches, which prevents it from becoming pathogenic.
 Recent pharmaceutical developments show promise in 
the future of this dual therapy as a new wave of “antifungal an-
tibiotics” are being developed at an increased level [147, 148]. 
The ideal of these developments is one to be applauded, as the 
understanding of the diverse community harbored in the gut and 
the consequential effects antibiotic therapy in isolation can have 
on its symbiosis is being realized.

Dietary approaches to maintain gut health
Probiotics
 Antibiotics are very beneficial, as they function to wipe 
out disease-causing bacteria. However, depending on the spec-
trum and resistance patterns of the antibiotic, the undesirable 
effect of wiping out beneficial bacteria can also occur. It is start-
ing to be understood that the reintroduction of commensal bac-
teria to the gut following the course of an antibiotic is of critical 
importance, which can be accomplished through probiotic sup-
plements. Probiotics are live strains of commensal bacteria and 
yeast that support digestive function and intestinal integrity. Ad-
ditionally, they critically serve to repopulate the niches vacated by 
antibiotic-susceptible organisms, which helps prevent opportun-
istic pathogen overgrowth [149]. The effectiveness of restoring 
commensal species is demonstrated in multiple studies, showing 
that downing a “Clostridial cocktail” can restore immune equilib-
rium and eliminate gut-mediated inflammatory responses [150, 
151].  Another study noted the effectiveness of probiotic rather 
than antifungal use in treating Candida, as the reinstatement of 
acid-producing species found in probiotics restore an acidic in-
testinal pH that prevents Candida growth that was previously al-
lowed due to the alkaline pH promoted by use of the antibiotic 
[152]. Studies like these should reinstate hope in our microbial 
symbionts, and raise personal awareness to how important the 
often-unseen function of these microbes are for our well being. 
Treat them inconsiderately and the negative consequences will 
manifest. However, when investment is placed in our microbial 
assets, the immediate returns can put even the pharmaceutical 
companies to shame.

Concluding remarks

Going forward
 The correlations found in this study, along with their 
associated implications, suggests that broad-spectrum antibiotic 
use is causing a wide range of chronic side effects not previously 
connected to their use, and even suggest that they are losing their 
effectiveness in the treatment of infectious and parasitic disease 
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(Figure 4A-D). Interpretation of the results and current experi-
mental evidence encourages a paradigm shift from the view that 
all microbes are “bad”, but rather that there exists an entire world 
of “good”, commensal bacteria that have developed a symbiotic 
relationship with humans over time. This perspective should ap-
propriately be accompanied by a promotion of behavior support-
ing the growth of commensal species and an avoidance of behav-
ior that can wipe out these communities. One known way to wipe 
out these communities is through the use of broad-spectrum 
antibiotics, which can allow for the increase of “bad” bacteria to 
proliferate at the detriment of the “good”. Evidence of this phe-
nomenon is readily seen in opportunistic infections following the 
course of an antibiotic [111].  
 The concept that infectious disease is merely an unin-
hibited overgrowth of a microbial species, usually not present or 
kept in check, suggests a newfound openness to ensuring a main-
tenance of the commensal species that function to keep these 
pathogens in check. However, the idea of using bacteria to fight 
bacterial overgrowth is one that seems contradicting upon first 
read. Fortunately, a return to the Aristotelian ideology that virtue 
is found between the extremes of excess and depletion provides 
an understanding of how crucial the maintenance of microbial 
diversity is for existing in a virtuous state of health. Denying the 
incredible benefit antibiotics have provided to society would be 
asinine, however, a Hippocratic appraisal of their current state 
is warranted, prompting an increased faith in the endogenous 
symbionts inside of the gut. With this mindset, the need for novel 
antimicrobial therapy should be directed no further, as the prom-
ising answers to treatment of infectious and chronic disease lie 
right inside of the gut.
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