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The Physician’s Voice

Paula Gregory, DO, MBA, FACOFP

EDITOR'S MESSAGE

The hot winds of spring and summer are upon us, storms and weather warnings abound. Tempers flare and 
misunderstandings are escalated. Across the United States, our patients and communities have been impacted  
by domestic violence, gun violence and weather disasters, while being terrorized by viruses.   

Primary care physicians (PCPs) are leaders in the community—rural and urban—and the first person who  
recognizes, advises and understands the patient, family and community in which they serve. They have been 
described as the one respected voice in the community and are often asked the “real” patient questions as they  
exit the room—the doorknob conversation during which patients pose statements like “Doctor, my daughter is  
not doing well in school,” or “Doctor, I’m worried about my husband’s drinking.”  Your voice is sought to decide if  
this is normal or needs attention. You are often asked not only to evaluate but also to decide what course of 
treatment is needed, and often, these issues involve emotional or mental health issues. In fact, PCP intervention  
over a 10-year period (1987–1997) shows an increase from 37.3% to 74.5% in medications prescribed  
for depression.  

You see signs of stress, job and school issues, mental illness, and domestic violence on top of the other serious 
diseases patients are fighting daily. Your skill in the room keeps your patients on the path of healthier behaviors while 
fighting for their lives. Your advice resonates with patients and the physicians’ words are some of the most respected 
words in the community, and when disaster strikes, you are the first to volunteer and to be available to help your 
community. We have seen in rural and urban areas the disaster that has happened with gun violence and weather-
related incidents; the physician’s hope is to be able to understand and intervene both before and as disaster happens. 
Once disaster strikes, it is not over in a day or a week; it can last a lifetime for our patients, families and communities. 

As you navigate the weather of summer, your cool-headed advice and voice can help many cope with uncertainty 
and create solutions that fit, whether deescalating a misunderstanding, directing a patient to a needed service or just 
listening to emotional cries.

EDITOR’S MESSAGE
The Physician's voice 
Paula Gregory, DO, MBA, FACOFP, Editor

FROM THE PRESIDENT’S DESK
A call to serve
Bruce R. Williams, DO, FACOFP
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FROM THE PRESIDENT’S DESK

A Call to Serve
Bruce R. Williams, DO, FACOFP

I have been asked, “How did you become involved in ACOFP?” The 
very short answer is simple: I was asked.

When I was a medical school student in Kansas City, I began 
looking at leaders in my class and at my school, as well as local, 
state and national leaders. Many of these leaders were the same 
person. What made them so special? Why were they sought after? 
What was their motivation? Why did I care?

I cared because these were the individuals who were driving the 
evolution of our profession—a profession and a philosophy that 
I believed in and embraced. I wanted to be part of that evolution, 
and I wanted to know what my role was, which I discovered as 
I studied the osteopathic oath. I was meant to advocate for my 
patient through my involvement in organized medicine.

After graduating from what is now Kansas City University College 
of Osteopathic Medicine; completing my internship; and beginning 
practice, one of my first goals was to seek out Jackson County 
Osteopathic Medical Association President William Betz, DO, and 
ask him for an application. From there, I attended meetings, and I 
was asked to sit on the Board of Governors. I was honored to be 
asked, and I expressed my willingness and commitment.

After my involvement in my district, I was asked to sit on a state 
committee. I again was honored and embraced the opportunity 
to make an impact at the state level. Eventually, I was asked 
to join the executive committee of the Missouri Association 
of Osteopathic Physicians and Surgeons (MAOPS), becoming 
president in 2004. 

As I continued to serve MAOPS, I was asked to join a committee 
for the Missouri Society of the ACOFP (MSACOFP). I had been a 
member since 1987 but not involved to a great degree due to my 
commitment with MAOPS. So I joined the Convention Committee 
and others. Then I was asked to become a delegate to the ACOFP 
Congress of Delegates.

After serving as a delegate and a committee member, I was asked 
to join the MSACOFP Executive Committee and later became 
MSACOFP president in 2011. As I attended the ACOFP Congress 
of Delegates, ACOFP Conventions & Scientific Seminars, ACOFP 
Intensive Update and Board Review (now Intensive Osteopathic 
Update) and OMED, I was advised to become an ACOFP Fellow by 
a few of my mentors—Wilbur Hill, DO, FACOFP dist.; Phil Accardo, 
DO FACOFP; Joe Yasso, DO, FACOFP; James DiRenna, Jr., DO, 
FAAFP; Alan Brewer, DO, FACOFP; and Elaine Joslyn, DO, FACOFP, 
among others—so I pursued that and became an ACOFP Fellow 
in 2012. 

Then, I was encouraged by 2012–13 ACOFP President Paul 
Martin, DO, FACOFP dist., to seek a committee appointment. The 
following year, 2013–14 ACOFP President Jeff Grove, DO, FACOFP 
dist., discussed what committee(s) I should be appointed to, and 
the 2014–15 ACOFP President Carol Henwood, DO, FACOFP dist., 
approached me about serving on the ACOFP Board of Governors. 
In all of these instances by all of these leaders, I was asked.

My service and commitment to family medicine and the 
osteopathic profession is a labor of love. I believe our philosophy 
of the art of medicine provides our patients added opportunities 
for quality care at lower cost for improved patient and provider 
satisfaction. In the roles I have served, I have done my best to 
promote osteopathic medicine as the route to the quadruple aim. 
I believe we—the osteopathic profession—have demonstrated 
that. But, if I had not been asked, would I have come this far? 
Perhaps, but being the introvert that I am, perhaps not.

I have been honored and humbled to serve in the many roles I 
have served in for our profession. Yet, I have not taken these roles 
lightly. I have seen them and embraced them as an opportunity 
to make an impact for the profession I believe in and the patients 
I love. 

What a privilege it is to be asked to serve. To be asked to be put 
in a position to advocate on behalf of your profession and your 
patients. To be seen as an individual whose experience, thoughts 
and opinions are respected enough to get the attention of a group 
who will collectively consider the best way to move forward for 
those we serve. I have had the honor and privilege to serve with 
and for some of the finest and most respected physicians that 
not only the osteopathic profession, but also the entire medical 
profession, has ever known.

Now I serve you and the osteopathic family medicine community 
as president of the American College of Osteopathic Family 
Physicians. This is a most prestigious role and an awesome 
responsibility. I am the face and voice of the largest specialty in 
the osteopathic profession. I am very honored, and I am very 
humbled. I have never aspired to this role, yet I find myself here, 
and I have committed to serve to the very best of my ability.
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I am so blessed, as well, because I am not serving alone. I 
have a committed and passionate Board of Governors and a 
dedicated staff team to support me. I also have the experience 
and advice from my predecessors to guide me. My goal is to 
move osteopathic family medicine forward for ACOFP, for the 
osteopathic profession, for our osteopathic family physicians 
and—most of all—for our patients.

I was asked, and now, I am asking you. Will you share your 
opinions, your time, your talents, your ideas, your passion, your 
enthusiasm and your resources with ACOFP? We want you, we 
need you and we are asking; I am asking: Will you serve?

Osteopathically yours, 

Bruce R. Williams, DO, FACOFP

What a privilege it is to be  
asked to serve. To be asked to be 
put in a position to advocate on  
behalf of your profession and  
your patients. To be seen as an  
individual whose experience, 
thoughts and opinions are  
respected enough to get the  
attention of a group who will 
collectively consider the best  
way to move forward for those  
we serve.
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Abstract

Each year, the U.S. Centers for Disease Control and Prevention (CDC) releases the adult vaccine 
schedule. The 2022 adult vaccine schedule has several changes which will be discussed in the following 
manuscript. The Advisory Committee on Immunization Practices reviews the preliminary schedules 
usually at their October or November meetings. The following professional societies also approve 
the adult schedules prior to the 2022 publications: American College of Physicians (ACP), American 
Academy of Family Physicians (AAFP), American College of Obstetricians and Gynecologists (ACOG), 
American College of Nurse-Midwives (ACNM), American Academy of Physician Assistants (AAPA) and 
the Society for Healthcare Epidemiology of America (SHEA). Once the final draft is approved by the CDC, 
it is published in the Morbidity and Mortality Weekly Report (MMWR) and released to healthcare providers 
and the general public with a cover page, tables, notes and—new for the 2022 schedule—an appendix 
with contraindications and precautions for the different approved vaccines.
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2022 ADULT IMMUNIZATION SCHEDULE UPDATES
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INTRODUCTION
The 2022 adult vaccine schedue has several updates. The adult 
vaccines discussed in this article are listed in Figure 1, taken from 
the draft cover page of the 2022 immunization schedule shown 
in slide 53.1 In addition, the latest recommendations for COVID-19 
immunization will be reviewed. Vaccines listed can be given at the 
same time including with the COVID-19 immunization, if indicated.2 

Review ARTICLE

FIGURE 1: 

Adult Vaccines

FIGURE 1 CONT'D: 

Adult Vaccines

A free app provided by the U.S. Centers for Disease Control and 
Prevention can be downloaded on smart phones to make finding 
recommended vaccines for specific ages and medical conditions 
quickly.3 Adverse events to vaccines should be reported to Vaccine 
Adverse Event Reporting System (VAERS).4

*  Reprinted from the CDC website: a public domain website that is not subject to copyright and may be freely used or reproduced without 
obtaining copyright permission

COVID-19
COVID-19 vaccines are recommended within the scope of the 
emergency use authorization (EUA) or biologics license application 
for a particular vaccine, or as recommended by the Advisory 
Committee on Immunization Practices (ACIP) and reviewed by the 
U.S. Center for Disease Control and Prevention’s (CDC) Director 
and, if adopted, are published as official CDC and US. Department 
of Health and Human services (HHS) recommendations in the 
Morbidity and Mortality Weekly Report (MMWR).5 The ACIP and CDC 
have issued interim recommendations for the use of following 
three COVID-19 vaccines: the Pfizer-BioNTech, now being 
marketed as Comirnaty,6 vaccine for those aged 16 years and 
older, the Moderna vaccine for those aged 18 years and older and 
the Johnson & Johnson (J&J)/Janssen COVID-19 vaccines for those 
aged 18 years and older.7 Booster vaccines are recommended 
for those 18 and older.7 In most situations, Pfizer-BioNTech or 
Moderna vaccines are preferred over the J&J/Janssen vaccine 
for due to the rare event of thrombosis with thrombocytopenia 
syndrome (TTS) after J&J/Janssen COVID-19 vaccination;8 however, 
the J&J/Janssen COVID-19 vaccine may be considered for persons 
who:

•  Had a severe reaction after an mRNA vaccine dose or who have 
a severe allergy to an ingredient of Pfizer-BioNTech or Moderna 
(mRNA COVID-19 vaccines).

•  Would otherwise remain unvaccinated for COVID-19 due to 
limited access to Pfizer-BioNTech or Moderna (mRNA COVID-19 
vaccines).

•  Wants to get the J&J/Janssen COVID-19 vaccine despite the safety 
concerns.

In general, the primary series and additional primary doses should 
be with the same vaccine product (ie, the same manufacturer). 
For people at least 18 years old, in situations in which the mRNA 
vaccine product given for the first dose of the primary series 
cannot be determined or is not available, any available mRNA 
COVID-19 vaccine product may be administered at a minimum 
interval of 28 days between doses to complete the mRNA COVID-19 
vaccination series. If an individual received the first dose of an 
mRNA COVID-19 vaccine but is unable to complete the series with 
either the same or different mRNA COVID-19 vaccine (eg, due to 
contraindication), a single dose of J&J/Janssen COVID-19 vaccine 
may be considered at a minimum interval of 28 days from the 
previous mRNA COVID-19 vaccine dose if the person is at least 18 
years old. People who receive the J&J/Janssen COVID-19 vaccine 
after a dose of an mRNA COVID-19 vaccine should be considered 
fully vaccinated against COVID-19 at least 2 weeks after receipt of 
the single dose of the Janssen vaccine.9

The ACIP/CDC also changed the interval for booster shots of 
Pfizer’s vaccine in all individuals 12 and up to at least 5 months 
after the second dose (was previously 6 months). For the Pfizer-
BioNTech or Moderna vaccines, those 18 years and older may 
recieve a booster dose if given at least 5 months after completing 
the primary series for the Pfizer-BioNTech or Moderna vaccines. 
If the one dose of the J&J/Janssen vaccine is given, and if 18 
years of age and older, a booster at least 2 months after the 
initial immunization may be given. Any of the COVID-19 vaccines 
authorized in the US can be used for the booster.10

HAEMOPHILUS INFLUENZAE TYPE B
The Haemophilus influenzae type b (Hib) vaccine is not routinely 
recommended for healthy adults aged 19 years and older, even 
if the person did not receive Hib vaccine as a child. However, 
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VACCINE ABBREVIATION(S) TRADE NAME(S)

Haemophilus influenzae type B vaccine Hib ActHIB® 
Hiberix® 
PedvaxHIB®®

Hepatitis A vaccine HepA Havrix® 
Vaqta®

Hepatitis A and hepatitis B vaccine HepA-HepB Twinrix®

Hepatitis B vaccine HepB Engerix-B® 
Recombivax HB® 
Heplisav-B®

Human papillomavirus vaccine HPV Vaccine Gardasil 9®

Influenza vaccine (inactivated) IIV4 Many brands

Influenza vaccine (live, attenuated) LAIV4 FluMist® Quadrivalent

Influenza vaccine (recombinant) RIV4 Flublok® Quadrivalent

VACCINE ABBREVIATION(S) TRADE NAME(S)

Influenza vaccine (recombinant) RIV4 Flublok® Quadrivalent

Measles, mumps, and rubella vaccine MMR M-M-R® II

Meningococcal serogroups A, C, W, Y vaccine MenACWY-D 
MenACWY-CRM 
MenACWY-TT 

Menactra® 
Menveo® 
MenQuadfi®

Meningococcal serogroup B vaccine MenB-4C 
MenB-FHbp

Bexsero® 
Trumenba®

Pneumococcal 15-valent conjugate vaccine PCV15 Vaxneuvance™

Pneumococcal 20-valent conjugate vaccine PCV20 Prevnar 20™

Pneumococcal 23-valent polysaccharide vaccine PPSV23 Pneumovax 23®

Tetanus and diphtheria toxoids Td Tenivac® 
Tdvax™

Tetanus and diphtheria toxoids and acellular pertussis 
vaccine

Tdap Adacel® 
Boostrix®

Varicella vaccine VAR Varivax®

Zoster vaccine, recombinant RZV Shingrix
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the ACIP recommends that 1 dose of the Hib vaccine should 
be administered to persons who have anatomical or functional 
asplenia or sickle cell disease or are undergoing elective 
splenectomy if they have not previously received Hib vaccine. 
The Hib vaccine should be administered 14 or more days before 
splenectomy if possible. Recipients of a hematopoietic stem 
cell transplant should be vaccinated with a 3-dose series of Hib 
vaccine 6–12 months after a successful transplant, regardless of 
vaccination history, at least 4 weeks should separate doses. The 
Hib vaccine is not recommended for adults with HIV infection 
because their risk for Hib disease is low.11

HEPATITIS A
The hepatitis A vaccine (HEPA) is a 2-dose series. All high-risk 
patients with no documentation of HEPA should be given the 
immunization. Examples of persons who should have the HEPA 
include those with chronic liver disease or HIV; men who have sex 
with men (MSM); individuals who use injection or non-injection 
drug use; laboratory personnel working the hepatitis A virus; 
those traveling to countries with endemic hepatitis A; and those 
with close contact to international adoptees.12 A special emphasis 
recently has been to vaccinate the homeless.13

HEPATITIS B
The hepatitis B virus (HBV) vaccine is recommended for all 
persons aged 19–59 years old if they have not received the series 
in the past. Those aged 60 and older should receive HBV series 
with any risk factors for HBV infections, including MSM; people 
who inject drugs; household contacts or sexual partners of known 
people with chronic HBV infection; health care and public safety 
workers at-risk for occupational exposure to blood or blood-
contaminated body fluids; diabetics; and hemodialysis patients.14 
The World Health Organization and the CDC plan to eliminate 
HBV infections by 2030.15 There are 2-, 3- and 4-dose series of 
HBV vaccines available for use.16 A 2-dose series applies to the 
Heplisav-B vaccine by Dynavax, given at least 4 weeks apart. The 
3-dose series includes Engerix-B by GSK; Recombivax HB by Merck; 
and the recently approved PreHevbrio by VBI Vaccines,17 given at 
birth, 1 month and 6 months. Twinrix by GSK, a combination of 
Hep A and HBV, is a three-dose series at birth, 1 month and 6 
months (regular dosing) or a four-dose series given at birth, 7 days 
and 21–30 days, with a booster dose at 12 months (accelerated 
dosing).18

HUMAN PAPILLOMAVIRUS
The human papillomavirus (HPV) vaccine is recommended for 
all adults aged 18–26 years if not adequately vaccinated in the 
past. Vaccination is not recommended for everyone older than 
26. However, some adults aged 27–45 years may choose to 
receive the HPV vaccine based on a discussion with their clinician, 
if they did not get adequately vaccinated when younger.19 For 
immunocompromising conditions—such as HIV infection—a 
3-dose series is recommended when initiating vaccination at 
age 9–45 years.20 Pregnancy testing is not needed before HPV 
vaccination but is not recommended during pregnancy, and no 
intervention needed if inadvertently vaccinated while pregnant.21

INFLUENZA
Routine influenza vaccination is indicated for those aged 19 years 
and older as an annual dose of any influenza vaccine appropriate 
for age and health status.22 Recommendations for flu vaccination 
of persons with an egg allergy have not changed since the 2018–
19 flu season. If a person only experiences hives after exposure 
to egg, they can receive any licensed flu vaccine. Persons who 
report having had more significant reactions to egg—such as 
angioedema, respiratory distress, lightheadedness or recurrent 
emesis—or who required epinephrine or another emergency 
medical intervention may similarly receive any licensed and 
recommended flu vaccine that is otherwise appropriate for the 
recipient’s age and health status. The selected vaccine should be 
given in an inpatient or outpatient medical setting. The vaccine 
administration should be supervised by a healthcare provider 
who is able to recognize and manage severe allergic conditions. If 
a patient had a severe allergic reaction to a flu vaccine, regardless 
of the component suspected of being responsible for the reaction, 
is a contraindication to future receipt of the vaccine.23 If a patient 
had a history of Guillain-Barré syndrome within 6 weeks after 
a previous dose of influenza vaccine, the vaccine should not be 
administered unless vaccination benefits outweigh risks for those 
at higher risk for severe complication from influenza.24

MEASLES, MUMPS AND RUBELLA
The measles, mumps and rubella (MMR) vaccine should be given 
to adults who are not up to date on their MMR vaccination.25 

Acceptable presumptive evidence of immunity against measles 
includes at least 1 of the following:

• Written documentation of adequate vaccination, including

     o  1 or more doses of a measles-containing vaccine administered 
on or after the first birthday for preschool-age children and 
adults not at high risk

     o  2 doses of measles-containing vaccine for school-age children 
and adults at high risk, including college students, healthcare 
personnel and international travelers

• Laboratory evidence of immunity

• Laboratory confirmation of measles

• Birth before 195726

People born during or after 1957 who do not have evidence 
of immunity against measles should get at least 1 dose of the 
MMR vaccine. Healthcare personnel should have documented 
evidence of immunity against measles. People aged 6 months or 
older who will be traveling internationally should be protected 
against measles. Teenagers and adults born during or after 
1957 without evidence of immunity against measles should have 
documentation of 2 doses of the MMR vaccine, with the second 
dose administered no earlier than 28 days after the first dose.26

Because MMR does not give 100% protection against mumps, 
public health authorities—a group at increased risk for acquiring 
mumps—should receive a third dose of MMR vaccine during 

a mumps epidemic. The purpose of the recommendation is to 
improve protection of people in outbreak settings against mumps 
disease and mumps-related complications.27

MENINGOCOCCAL DISEASE
The MenACWY vaccines and MenB vaccines can help prevent 
meningococcal disease, which is any type of illness caused by 
Neisseria meningitidis bacteria. There are 2 types of meningococcal 
vaccines available in the United States:

•  Meningococcal conjugate or MenACWY vaccines (Menactra®, 
Menveo® and MenQuadfi®)

•  Serogroup B meningococcal or MenB vaccines (Bexsero® and 
Trumenba®)

All 11- to 12-year-olds should get a MenACWY vaccine, with a 
booster dose at 16 years old. Teens and young adults (16–23 
years old) also may get a MenB vaccine.28 Both vaccines may 
be administered simultaneously if indicated but at a different 
anatomic site.29 In certain situations, adults should receive 
MenACWY vaccines. Some people are at increased risk for 
serogroup A, C, W or Y meningococcal disease due to:

• Having certain medical conditions, such as

     o  Complement component deficiency (eg, C5-C9, properdin, 
factor H, factor D)

     o Functional or anatomic asplenia (including sickle cell disease)

     o HIV

•  Taking specific medications, such as a complement inhibitor  
(eg, Soliris® or Ultomiris®)

•  Traveling or residing in countries in which serogroup A, C, W or Y 
meningococcal disease is common

•  Working in specific professions or living in specific settings, 
including

     o  Microbiologists who are routinely exposed to Neisseria 
meningitidis 

     o Military recruits

     o  First-year college students living in a residence hall and are 
not up to date with this vaccine

•  Being a part of a community experiencing a serogroup  
A, C, W or Y meningococcal disease outbreak 30

Phase 3 studies are being completed by GSK, combining MenACWY 
with MenB, so that the vaccines can be given as an injection.31

PNEUMOCOCCAL DISEASE
Pneumococcal vaccines now include the new pneumococcal 
conjugated vaccine 15 (PCV15)—VAXNEUVANCE™ by Merck—and 

the pneumococcal conjugated vaccine 20 (PCV20)—Prevnar by 
Pfizer. At age 65 years or older, those who have not previously 
received a pneumococcal conjugate vaccine or whose previous 
vaccination history is unknown should be given 1 dose of PCV15 
or 1 dose of PCV20; if PCV15 is used, this should be followed by a 
dose of pneumococcal polysaccharide 23 valent (PPSV23) vaccine 
pneumovax by Merck. The dosing interval between PCV15 and 
PPSV23 should be at least 8 weeks to 12 months. For those aged 
19–64 years with certain underlying medical conditions and who 
have not previously received a pneumococcal conjugate vaccine 
or those whose previous vaccination history is unknown, 1 dose 
of PCV15 or 1 dose of PCV20 should be given. If PCV15 is used, 
this should be followed by a dose of PPSV23 at least 8 weeks to 
12 months apart.32 Conditions that increase the risk of invasive 
pneumococcal disease include:

• Decreased immune function from disease or drugs

• Functional or anatomic asplenia

• Chronic heart, lung (including asthma), liver or renal disease

• Cigarette smoking

• Alcoholism

• Cerebrospinal fluid leak

• Cochlear implant33

VARICELLA VIRUS
Varicella (VAR) vaccination is recommended for all adults who 
have never had chickenpox or received the vaccination. Two 
doses of the vaccine should be given at least 4 weeks apart. On 
the other hand, because varicella is a live virus, the VAR vaccine 
should not be given to individuals who:

• Are moderately to severely ill at the time of vaccination

•  Are pregnant (women should not become pregnant for 1 month 
after receiving the chickenpox vaccine)

•  Have ever had an allergic reaction to gelatin, the antibiotic 
neomycin or a previous dose of chickenpox vaccine

• Are an organ donor recipient

People with the following conditions should be cautious and 
evaluated and receive shared clinical decision making with the 
healthcare provider and the patient before receiving the VAR 
vaccine:

•  Patients undergoing chemotherapy or radiation for cancer

•  People taking steroid drugs or other immunosuppressants

•  People with HIV or another disease that compromises the 
immune system

•  Patients who recently had a blood transfusion or received other 
blood products34
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HERPES ZOSTER VIRUS
Recombinant zoster vaccine (RZV)—Shingrix by GSK—is the only 
herpes zoster vaccine available in the United States, now that 
Zostavax by Merck is no longer available. RZV is recommended to 
prevent shingles in adults aged 50 and older 35 as a 2-dose series, 
separated by 2–6 months.35

RZV is recommended for use in certain immunocompromised 
persons. Those conditions include but are not limited to:

• Hematopoietic stem cell transplant (HSCT) recipients

• Hematologic malignancies

• Renal or other solid organ transplants

• Solid tumor malignancies

• HIV 

•  Primary immunodeficiencies, autoimmune conditions and use 
of immunosuppressive medications/therapies36

Healthcare professionals should consider delaying RZV until after 
pregnancy. There is no recommendation for pregnancy testing 
before vaccination.37

CONCLUSIONS: 
The slides from the November ACIP meeting when the 2022 
immunization schedule was discussed can be accessed on the 
ACIP website.38 A quick response bar code will be displayed on 
the cover page to afford easy access to immunization schedules,39 

along with an appendix to make it easier for clinicians and patients 
to detect contraindications and precautions for the commonly 
used vaccines. The revised 2022 immunization schedules were 
announced in the MMWR and posted on the CDC’s vaccine website 
in late February 2022.

DISCLOSURES AND FUNDING: The author has disclosed the 
following: Speaker for Pfizer Men B vaccine; consultant for Pfizer 
PCV20; consultant for Dynavax for Hep B vaccine; consultant for 
Sequirus for Influenza vaccine; consultant for Takeda for Dengue 
vaccine.
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Abstract

Low-back pain (LBP) is a common symptom presenting in adolescents. Most back pain in 
adolescents is benign and musculoskeletal in nature, due to trauma or congenital anomalies. Other 
less common causes include infection, inflammatory conditions or neoplasm. A comprehensive 
history and physical focusing on posture, muscle tenderness, range of motion, muscle strength and 
neurological function is essential in understanding the cause of low-back pain. Identification of risk 
factors for low-back pain will help the clinician in managing their patient. Treatment includes rest, 
avoiding activities that cause pain, physical therapy, osteopathic manipulative treatment, limited use 
of non-steroidal anti-inflammatory drugs and family and patient education. Assessing for warning 
signs or red flags of serious causes of LBP is a fundamental part of the clinical assessment. Pain that 
awakens from sleep, pain lasting longer than 4 weeks, sudden onset pain, systemic findings such 
as fever or weight loss and abnormal neurological findings should warrant immediate evaluation 
as these may suggest serious infectious conditions, malignancy or fracture. This article presents a 
comprehensive review of the epidemiology, relevant anatomy, biomechanics, causes and major risk 
factors for adolescent low-back pain. A diagnostic algorithm utilizing a step-by-step approach is also 
introduced to aid the clinician in management of the patient. Finally, the article presents guidelines 
for management of the adolescent with low-back pain including conservative, pharmacologic, as 
well as the osteopathic approach to treatment. Evidence-based recommendations on osteopathic 
approach to treatment has been reviewed from meta-analysis data and randomized controlled 
trials.
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INTRODUCTION AND EPIDEMIOLOGY
Low-back pain (LBP) is a common complaint among children and 
adolescents. Most back pain in children and adolescents is benign 
in nature and caused by musculoskeletal conditions or trauma. 
Some adolescents have serious underlying congenital causes for 
LBP or acquired causes. Adolescent low-back pain has been as 
reported in the literature as common as the adult population.1–3 
Commonly, transient LBP presents in children and then into early 
adolescence.4–6 It has been found that the risk for LBP increases 
with increasing age, pubertal development and linear growth.7,8 
A study within the Danish National Birth Cohort explored the 
differential nature of LBP and 7% of 12-year-olds had at least one 
episode of LBP.8 The lifetime prevalence of LBP, by age 20, has 
been reported as high as 80%.1 Prevalence increases with age, 
reaching a peak at the 6th decade of life. Based on the results 
of several large prospective trials, the best predictor of LBP is a 
previous history of LBP.9

The prevalence of LBP in children and adolescents vary from 17%–
26% based on several studies and is dependent on the age of a 
child and, in particular, the definition of LBP.10–13 Similarly in adults, 
the prevalence of LBP is more common in females and increases 
with age.14 There is a U-shaped relationship between physical 
activity and the prevalence of LBP in children. Low levels and high 
levels of physical activity contribute to a higher risk of LBP.15,16 

The etiology of LBP ranges from a sedentary lifestyle, prolonged 
screen time, sports injuries, psychosocial issues and a positive 
family history of LBP.16-18 LBP may substantially restrict activities of 
daily living, in the adolescent population, such as school, sports or 
social activities. This paper presents an osteopathic approach to 
the diagnosis and treatment of adolescent LBP in the primary care 
setting with a focus on causes of LBP, biomechanics and relevant 
anatomy, risk factors, diagnostic strategies and treatment. A 
summary of evidenced based studies from the PubMed database 
of biomedical literature is reviewed and discussed. Search criteria 
were limited to studies in English and humans and key words were 
“adolescents” (aged 10–19), and “low-back pain”. This summary 
also reviews the effectiveness of osteopathic manipulative 
treatment (OMT) and other treatments in the management of the 
adolescent with LBP. 
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CAUSES OF LOW-BACK PAIN 
The differential diagnosis of LBP in adolescents is broader and 
more diverse than that seen in the adult population. In most 
children and adolescents with LBP, the etiology is benign, 
musculoskeletal in nature or due to trauma. Other, but less 
common causes, include infection, inflammatory conditions or 
neoplasm (Table 1).17,19-23 In a large published series, of children 
and adolescents aged 10–19, 80% of adolescents had no 
identifiable diagnosis with their chief complaint of LBP. The most 
common diagnoses were lumbar strain/spasm (8.9%), scoliosis 
(4.7%), degenerative disk disease of lumbar area (1.7%) and 
lumbar disk herniation (1.3%). Less than 1% of complaints due 
to LBP were due to spondylolysis, spondylolisthesis, infection, 
neoplasm or fracture.19 

Back pain is an uncommon complaint in the pediatric emergency 
department (ED) setting. A study at an urban pediatric ED looked 
at the chief complaint of back pain over the course of one year 
and found that only 0.4% of ED visits accounted for LBP. Of the 
children who complained of LBP, 90% had pain fewer than 4 
weeks and the most common diagnoses were direct trauma 
(25%), musculoskeletal strain (24%), sickle cell crisis (13%), 

TABLE 1: 

Differential diagnosis of low-back pain in adolescents

CONDITION TYPICAL AGE GROUP RISK FACTORS HISTORY AND 
PHYSICAL EXAM 
FINDINGS 

DIAGNOSTIC TOOLS 

Non-specific musculoskeletal pain and muscle strain

Non-specific 
musculoskeletal pain

All ages Older age group 
Sports participation 
Co-morbid medical 
conditions 
Psychosocial stressors 
Sleep environment

Warning signs or red 
flags are usually absent

History and physical

Muscle pain All ages Inciting activity 
Trauma 
Overuse injury

Pain with activity 
Pain with lifting or 
twisting 
Muscle tenderness but 
no radiation 
Pain relieved with rest

History and physical

Thoracic pain

Scheuermann Kyphosis Early adolescence Tall stature 
Boys > girls

Sharp angulation when 
bending over 
Pain with flexion, activity 
and at the end of the 
day

AP and lateral spine 
radiographs

Thoracic or lumbar pain

Scoliosis Adolescents Idiopathic or congenital 
spinal anomalies

Lateral curvature of the 
spine with ADAMS test

Forward bend test 
Scoliometer 
Cobb angle more than 
10o 
Standing PA or lateral 
views of the spine

Osteoid osteoma Adolescents Second decade of life Nocturnal pain 
Relieved by NSAIDs 
Can be associated with 
scoliosis

CT

idiopathic (13%) and infections such as a urinary tract infection 
or viral infection (9%). Imaging was rarely helpful in this setting.20 
Reassuringly, LBP resolves in children. In several longitudinal 
cohorts, only 7% of the entire studied population reported 
persistent pain at follow up assessments and most pain was non-
specific and self-limiting.5,21,22 

Nonspecific musculoskeletal pain and muscle strain appear to 
the most common causes of LBP in adolescents and account for 
nearly 50% of cases depending on the study population.8,19,22–25 
These patients usually do not present with any warning signs to 
suggest other pathology. The most common factors associated 
with non-specific LBP include older age and sports participation,6,20 
soft mattress usage,26 sports equipment such as poorly cushioned 
running shoes or improper bicycle seat position,27 increased 
thoracic kyphosis28 and underlying mental health issues and 
psychosocial stressors.29,30 A large systematic review looked at 
whether LBP was associated with heavy shoulder backpack usage 
and there was no correlation.31 Muscle strain is usually related to 
overuse or overstrain and worsened by twisting or lifting. Other 
common and less common causes of LBP in adolescents are 
described in more detail in Table 1. 
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Malignancy

- Primary tumor 
  (Ewing sarcoma,  
  osteochondroma)

-  Secondary malignancy 
leukemia, lymphoma, 
neuroblastoma, 
metastatic disease

Any age May have a history of 
malignancy

Fever, weight loss, 
malaise, nocturnal pain, 
abnormal neurological 
findings, bowel or 
bladdery dysfunction

Blood work (CRP, ESR, 
CBC), CT scan

Spinal epidural abscess Any age Untreated can go 
from LBP to root pain 
(“shooting pains” to 
neurological deficits)

Fever, spinal pain, 
neurological deficits

Blood work (CRP, ESR, 
CBC)

MRI

Vertebral osteomyelitis 
(including TB spondylitis, 
Pott disease)

Adolescents History of infection History of infection 
Systemic symptoms, 
constant pain, localized 
pain with percussion, 
ill appearing, nocturnal 
pain, exposure to TB 
limping

Blood work (CRP, ESR, 
CBC), blood culture, 
bone scan, MRI

Vasoocclusive crisis All ages History of sickle cell 
disease 

Severe pain Abnormal UA 
(concentrated, 
hematuria, proteinuria)

Tethered cord All ages Recent onset of scoliosis 
with severe pain

Younger children: 
refusal to do certain 
activities

Older children: back 
pain exacerbated by 
exercise

Neurological findings

MRI

Syringomyelia All ages Can be associated with 
congenital anomalies 
(eg, Arnold-Chiari 
malformation type 
1), spinal infection, 
inflammation, 
malignancy

Clinical presentation is 
variable

Recent onset scoliosis 
with severe pain

Progressive central 
spinal cord deficits 

MRI

Transverse myelitis All ages Associated with infection 
or systemic autoimmune 
disorder (eg, Lupus, 
ankylosing spondylitis)

Abnormal motor, 
sensory and/or 
autonomic findings

MRI

Chronic nonbacterial 
osteomyelitis

Between ages 7 and  
12 years

Can affect the thoracic 
or lumbar spine

Can be associated 
with psoriasis, 
palmoplantar pustulosis, 
acne, inflammatory 
bowel disease and 
spondyloarthropathy

Low grade fever, 
localized low back pain

Blood work (CRP, ESR, 
CBC), blood and bone 
cultures are usually 
negative

Lumbar or lumbosacral pain

Hyperlordodic back pain Any age Weak core Weak core muscles

Increased lumbar 
lordosis

Clinical examination, 
imaging negative, 
Positive Trendelenburg 
sign, increased lumbar 
lordosis with thoracic 
kyphosis

Lumbosacral transitional 
vertebra (Bertolotti 
syndrome)

All ages None Nonspecific LBP 

Poorly localized 
unilateral LBP

Insidious onset

Increased lumbar 
lordosis

Physical exam

Radiographs will 
demonstrate 
sacralization of last 
lumbar vertebrae

CT scan

Intervertebral disc 
disease and herniated 
nucleus pulposus

Adolescents Uncommon cause of 
LBP

Acute trauma and axial 
load

Scheuermann kyphosis

Family history

Obesity/overweight

Associated with 
weightlifting, 
gymnastics, wrestling 
and collision sports

Pain radiating to 
buttocks or lower 
extremities

Pain worse with flexion

Limited Spinal flexibility

Positive SLR test

Leg pain is worse than 
back pain

Severe herniation can 
lead to cauda equina 
syndrome

MRI

Spondylolysis Early adolescence More common in boys 
than girls

Associated with: 
Scheuermann kyphosis, 
repetitive trauma

Pain extending into 
buttocks and thighs

Pain worse with 
extension, improved 
with rest

Hamstring tightness

Positive SLR

Physical exam

Radiographs 

CT scan 

Spondylolisthesis Early adolescence More common in boys 
than girls

Associated with 
Scheuermann kyphosis, 
certain sports and 
repetitive trauma

Pain extends into 
buttocks and posterior 
thighs

Pain with extension

Hamstring tightness

Prominent spinous 
process

Flattening of the normal 
lumbar lordosis

Knee-flexed, hip-flexed 
gait

Physical exam

Radiographs

CT scan 

Apophyseal ring fracture Adolescents Boys more than girls

Associated with activities 
that require lumbar 
hyperflexion

Associated also with 
Scheuermann kyphosis, 
and intervertebral disc 
herniation

Associated with 
weightlifting, wrestling 
and gymnastics 

Pain radiating to 
buttocks or lower 
extremities

Pain worse with flexion

Positive SLR test

Leg pain is worse than 
back pain

Radiographs

CT scan 

Inflammatory arthritis:

- Ankylosing spondylitis

- Psoriatic arthritis

-  Arthritis of 
inflammatory bowel 
disease

- Reactive arthritis  

All ages Family history of 
inflammatory spondylitis

Nocturnal pain

Morning stiffness

Chronic pain

SI joint tenderness 
(positive FABER test) 

Flattening of the lumbar 
curve on flexion

Involvement of other 
joints

HLA-B27 although not 
specific

Plain radiographs

MRI detects early 
disease 

TABLE 1 CONT'D: TABLE 1 CONT'D: 
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Discitis Younger children Rare case of LBP

Low grade infection on 
spectrum of vertebral 
osteomyelitis

Due to mild 
presentation may be 
underdiagnosed 

Nocturnal pain

Generally, affects lower 
lumbar spine

Gradual onset of 
irritability and LBP, lip or 
refusal to bear weight 

No systemic toxicity

Fever is absent or low-
grade

Examination findings: 
refusal in flexion, 
percussion tenderness 
over involved spine, hip 
pain, stiffness, loss of 
lumbar lordosis

Blood cultures are 
sterile

ESR 

MRI

Antibiotics 

Paraspinal muscle pain

Pyomyositis Young children

Young adults

Predisposing 
factors include 
immunodeficiency, 
trauma, injection drug 
use, concurrent infection 
and malnutrition

Fever and muscle 
tenderness localized to a 
single muscle group

More common in the 
tropics, but has been 
reported in temperate 
climates

Blood work (CRP, ESR, 
CBC)

CT 

Viral myalgia All ages Prodrome or early 
phase of acute viral 
infections

Preceding viral illness 
(eg, rhinitis, pharyngitis, 
cough)

LBP common

History and physical

Referred back pain

Pain amplification/
chronic pain syndromes

Adolescents Family history

Pain at multiple sites

Chronic pain

Discordance between 
reported symptoms and 
physical exam findings

Repeated school 
absences

Lab work and imaging 
findings are not useful

Pyelonephritis All ages Ascending UTI Dysuria

Fever

Abnormal UA

History and physical 

UA

Pneumonia All ages Younger age

Prematurity

Underlying pulmonary 
or cardiac disease 

Fever

Cough

Tachypnea

Abnormal pulmonary 
exam 

History and physical 

CXR

Pelvic inflammatory 
disease

Sexually active 
adolescent females

Multiple sexual partners

Unprotected sex

Fever

Abdominal pain/pelvic 
pain

History and physical

STI labs

Pancreatitis All ages Associated with trauma, 
infection, structural 
anomalies, some 
medications

Fever

Acute, consistent mid to 
upper abdominal pain 
that radiates to the back

Nausea and vomiting

History and physical

Labs (CRP, ESR, CBC, 
amylase, lipase)

Imaging

Nephrolithiasis All ages Diet

Obesity

Certain medical 
conditions 

Severe back pain Abnormal UA

TABLE 1 CONT'D: 

BIOMECHANICS AND RELEVANT ANATOMY
In order to understand the etiology of LBP, clinicians need a 
complete understanding of the biomechanics and relevant 
anatomy of the spine, intervertebral discs and surrounding soft 
tissues. LBP is usually localized to the lower thoracic, lumbar or 
lumbosacral spine. The primary function of the spine is to protect 
the spinal cord and the nerve roots, while also allowing for full 
range of motion and to support and balance the entire body. 
The axial spine has 3 planes of motion: flexion and extension, 
lateral flexion and lateral rotation.23 The thoracic spine consists 
of 12 vertebrae (T1–T12) and lumbar spine consists of 5 vertebrae  
(L1–L5). The sacrum (S1–S5) is a fused bone at the base of the 
spine and articulates with the ilium, and the upper part connects 
with L5 and its lower part connects with the coccyx. The sacral 
plexus is derived from the anterior rami of spinal nerves:  
L4, L5, S1, S2, S3 and S4. Subsequently, each of these anterior rami 
supply the anterior and posterior branches. The anterior branches 
innervate the flexor muscles of the lower extremity and the 
posterior branches innervate the extensor and abductor muscles 
of the lower extremity. The sacroiliac (SI) joint has numerous 
ridges and depressions, and its function is more for stability than 
movement. There is an intervertebral disc between each thoracic 
and lumbar vertebra. Between L5 and the sacrum there consists 
of a diarthrodial joint with limited range of motion. The spinal 
nerves exit posteriorly and bilaterally from the foramina of the 
thoracic and lumbar vertebral body. The complex anatomy of the 
lumbar region also consists of flexible ligaments, tendons and 
large muscles. 

RISK FACTORS
Recognizing risk factors is important when assessing an 
adolescent with LBP. During the history, the clinician should 
ask questions regarding family history of low-back pain, any 
significant past medical history, time spent being sedentary, 
posture when doing schoolwork or using a computer and their 
physical activity level as well as the hours, type and intensity of 
this activity.32–34 A physical exam should always obtain a height 
and a weight to determine BMI. A large cohort study did a survey 
of LBP in 13- to 16-year-old adolescents regarding their sedentary 
activities, sports participation, employment and smoking. The 
risk for developing LBP appears to be multi-factorial such as 
female gender, BMI > 25kg/m2, tightness of hamstring muscles, 
hypermobility, competitive sports participation, daily smoking, 
prolonged sedentary activities such as screen time, jobs that 
require heavy lifting as well as social and psychological factors.34 
The risk of LBP also increases with age.21,33,34 A larger, more recent 
systematic review suggested that the association between LBP 
and risk factors were inconsistent but did note that older age and 
participation in competitive sports demonstrated a consistent 
association with LBP.21 It does appear that more studies are 
needed to fully determine the prevalent risk factors of LBP in 
adolescents. 

OSTEOPATHIC STRUCTURAL EXAM/ 
CLINICAL APPROACH
The osteopathic philosophy to patient care is characterized by a 
holistic and whole-body approach. It places an emphasis on the 
relationship and connection between physiological and anatomic 
structures. This approach also emphasizes the psychosocial and 
environmental influences that can cause pain. Previously, there 
used to be a paucity of medical literature on the effectiveness of 
osteopathic manipulative medicine for low-back pain, but growing 
evidence suggests that isolated manual techniques and patient 
education can improve lower back pain.35–36 

Similar to other medical complaints, a complete and accurate 
history and comprehensive physical examination are key to 
proper diagnosis and management of LBP. The provider should 
ask the adolescent and their parent regarding the onset of pain, 
location of symptoms, duration of symptoms, description of the 
pain characteristics, presence or lack of radiation, aggravating 
or alleviating factors as well as any other associated symptoms. 
Acute onset pain is usually caused by trauma, while pain that is 
slower to present is usually caused by muscular, inflammatory, 
bony or biomechanical issues. Clinicians should also ask about the 
adolescent’s participation in sports and other activities to see how 
much their pain is limiting their participation. In order to elucidate 
whether the adolescent is having inflammatory pain or mechanical 
pain, the provider should ask if they have morning stiffness or 
reduction of pain with movement or activity. Inflammatory pain 
decreases with physical activity and increases with prolonged 
rest. Mechanical pain increases with physical activity. In addition, 
family history is important, in particular to reveal any neurological 
or rheumatologic conditions or congenital anomalies.37

There are several well validated pain scales used in children to rate 
pain and severity. The visual analog scale (VAS) is a method that 
quantifies pain severity. It is a continuous outcome measure and 
has a 100 mm scale from 0–100 with 0 being the low end of pain 
and 100 being the high end of pain. This is easy to administer and 
has been studied in older children and adults.38 The Wong-Baker 
FACES Pain Scale is a tool that uses facial expression drawings 
to describe the severity of pain and been extensively studied in 
children. Additionally, it is a well validated scale for chronic pain. 
Its reliability and validity have been confirmed in children and 
adolescents aged 3–18. Strong correlations have been reported 
between the Wong-Baker scores and VAS.39–40 

A focused musculoskeletal exam and neurological exam should be 
performed on all children and adolescents with a particular focus 
on deep tendon reflexes, muscle strength and sensation in the 
lower extremities. This will elucidate any underlying neurological 
or intraspinal pathologies that would require an urgent specialist 
evaluation and/or imaging. A neurological assessment should 
include lower extremity sensation, motor strength and reflexes 
of the patellar tendon (L4) and Achilles tendon (S1). Dermatome 
sensation of T12 and S1 as well as muscle function of the hip flexors 
(L2, L3) and quadriceps (L3, L4) and extensor hallucis longus (L5) 
should be examined. The musculoskeletal exam should focus on 
core strength and stability and will evaluate if there are not only 
weaknesses in the abdominal musculature, but also the paraspinal 
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musculature. The adolescent should be examined in all planes of 
motion while also sitting, standing or walking. Full range of motion 
exercises, such as lumbar lateral rotation, lateral bending, flexion 
and extension, should also be performed. Leg length discrepancy 
and scoliosis may present with spinal misalignment, scapular 
asymmetry or pelvic obliquity. Scheuermann kyphosis will present 
with a kyphotic deformity. The clinician should palpate the entire 
spine and back musculature to evaluate if there is any tenderness 
over any spinous processes, musculature or SI joint. There are also 
several major clinical examination tests that should be performed 
(Table 2) that may aid the clinician in diagnosis. 

Assessing for warning signs or red flags of serious causes of LBP 
is a fundamental part of the clinical assessment. The purpose is 
to evaluate for any serious pathology that would cause LBP and 
warrant referral for urgent medical management. This would 
include pain that awakens from sleep, abnormal neurological 
findings, such as asymmetric reflexes, saddle paresthesia, muscle 
weakness, extensor plantar response, low rectal tone and bladder 
or bowel dysfunction, and are listed in Table 3. Suspicion for 
underlying infectious conditions, malignancy or fracture should 
be evaluated if the clinician notes any systemic signs, including 
fever, fatigue, weight loss, loss of appetite, or localized tenderness 
on the spine.17,32,33,37 Neurological symptoms such as radiculopathy 
and loss of bowel or bladder function are concerning, and it is 
essential for the clinician to rule out intervertebral disk herniation 
or cauda equina syndrome. Morning stiffness may be due to 
inflammatory arthropathies. Physicians should also ask about 
family history of autoimmune diseases, malignancy and scoliosis. 
The consistent use of a diagnostic algorithm when evaluating 
an adolescent with LBP will ensure that concerning etiologies of 
pain are completely evaluated. Figure 1 describes an algorithm 

that can help the clinician work through process of evaluating an 
adolescent with LBP.41,42

There is also a strong link between psychosocial issues and LBP.4,29 
Factors like poor mental health, difficulties with peers, bullying, 
anger, attention and concentration deficits, having a parent with 
LBP, fatigue and other sources of pain can contribute to this 
complaint.29,30 Involving the family and working with the whole 
family system to support the adolescent understand their pain 
is an important tool. Referral to a family counselor, pediatric 
psychologist or therapist or pediatric psychiatrist may be needed 
to address underlying mental health issues. Working through an 
algorithm can help reveal any positive psychosocial stressors, 
but also understand if there is a physiological source of their LBP  
as well.

If the clinician has a high suspicion for inflammatory, autoimmune, 
infectious or malignant process, laboratory work, such as a 
complete blood count and inflammatory markers (CRP, ESR) 
would be necessary. If concerned about an autoimmune process, 
consulting a rheumatologist prior to ordering labs would be 
important, because nearly 20% of the general population has a 
positive antinuclear antibody.43 Imaging should be obtained in 
adolescents who have had LBP longer than 3 weeks and, ideally, 
anterior posterior and lateral X-rays should be considered. If 
initial radiography is inconclusive, advanced imaging may be 
pursued. Computed tomography (CT) can provide details on the 
bones and cartilage but does expose the growing adolescent 
to high doses of radiation and should be ordered with caution. 
Magnetic resonance imaging (MRI) can be used for suspicion of 
bone pathology, as well as soft tissue pathology. 

TABLE 2:  
Low-back pain examination maneuvers

CLINICAL TEST DESCRIPTION DIAGNOSIS 

Adams forward bending test Keeping feet together and knees 
straight, adolescent should bend  
forward.
Positive test: asymmetry in rib cage or 
curvature of spinal column

Positive test suggests scoliosis

Straight leg raise Supine position, adolescent’s leg should 
be raised when knees are straight.
Positive test: pain felt by patient when 
30–70 degrees of hip flexion and radi-
ates into the posterior thigh and knee

Sciatic pain suggests herniated nucleus  
pulposus
If hamstrings are tight, pain is localized to  
the hamstring area.

Flexion, abduction, external rotation Supine position, knee is flexed to 90 
degrees, hip is abducted and externally 
rotated. The pelvis should be held and 
fixed by the opposite hand.
Positive test: pain felt in buttock, groin 
or sacroiliac joint

Positive test suggests pathological condition of 
the SI joint or intraarticular hip pathology.

Trendelenburg Standing on one leg check the position 
of the pelvis.
Positive test: pelvis of the other side 
drops

Positive test indicates issues of the lower 
extremity and gluteal and hip abductor weak-
ness, decreased core strength or a neurological 
deficit

One-legged hyperextension test While standing on one leg and bending 
backward, pain is experienced in the 
ipsilateral back

Positive test suggests spondylolysis

TABLE 3:  
Red flags for low-back pain

History •  History of acute or repetitive trauma
•  Pain that radiates down buttocks
•  Pain that is severe, nocturnal, at rest or  

progressive
• History of malignancy
•  History of exposure to tuberculosis
• Morning stiffness

Physical  
examination 

•  Abnormal neurological findings  
(eg, asymmetric reflexes, weakness,  
extensor plantar response, low rectal 
tone, bladder or bowel dysfunction, saddle 
paresthesia)

• Fever with or without systemic findings 
• Weight loss

MANAGEMENT 
The specific treatment for LBP varies widely depending on the 
etiology of the pain. Most adolescents present with non-specific 
LBP and will respond to conventional treatment including rest, 
avoiding any activities that exacerbate their pain and physical 
therapy.44,45 There is a paucity of medical literature on randomized 
controlled trials that focus on conservative options for LBP in 
adolescents. From a recent meta-analysis and systemic review, 
it suggests that a supervised exercise program is more effective 
at reducing LBP compared to no program at all.44 However, 
exercise alone will not alleviate all LBP. It appears that to focus 
on the multiple risk factors for LBP, including social, physical, 
psychological and lifestyle, that a multidisciplinary approach may 
be more effective.

In addition, there have been several rehabilitation programs with 
a focus on alleviating LBP, but little literature on supporting these 
programs. LBP rehabilitation programs must be individualized 
to address the various patient populations. The rehabilitation 
may include exercise and physical therapy to manipulation and 
bracing.46 A recent systemic review evaluated the approaches to 
LBP rehabilitation and concluded that treatment should be multi-
factorial.47 No single exercise program is right for each patient, 
but should focus on muscular strength, flexibility and/or aerobic 
fitness. Improving core muscle strength can support the lumbar 
spine, increasing the flexibility of the muscles, tendons and 
ligaments of the lower back can increase the range of motion of 
that area and improve movement. Additionally, aerobic exercise 
enhances the flow of blood and nutrients to the lower back and 
will aid in the healing process. Cognitive functional therapy has 
been studied as part of a multidisciplinary and multidimensional 
approach to adolescent LBP.43 The literature reflects an evolving 
emphasis on a biophysical approach to the diagnosis and 
treatment of LBP. Adolescents are motivated to learn about the 
non-physical factors that may contribute to their pain. Counseling 
may improve their general health.29,30,45

Improving adolescent LBP relies on treating the acute injury, 
recognizing any problems in biomechanical function and changing 
the behavior or technique that may promote injury. Rehabilitation 
evolves through steps that focus on improving and encouraging 

range of motion and strength and reducing injury.45 Emphasizing 
exercises that strengthen the hip flexors and hamstrings can 
increase hip flexibility. Core stabilization improves the strength, 
endurance, flexibility and neuromuscular control of the muscle 
groups that provide spine and trunk stability.48 Therapy for specific 
diagnoses, such as spondylolysis, may involve a flexion-based 
therapy program, if there is pain with back extension, compared 
to conditions such as a herniated disc, which is treated with an 
extension-based therapy program because of pain with flexion.49 
The overall goal is a progression to activity specific exercises 
that allows an adolescent a gradual and pain-free return to their 
specific sport or activity. 

Thoracic and lumbar bracing are also used in the management 
in the adolescent with LBP. Bracing includes soft lumbar corsets 
and rigid braces.50 However, there is little evidence to support that 
bracing is more effective to conservative treatment alone. Some 
clinicians will use rigid bracing to further restrict activity that will 
exacerbate pain. Current medical evidence suggests against rigid 
bracing in spondylolysis and most have an excellent outcome with 
conservative treatment.19,37

To date, there are no randomized controlled trials comparing the 
use of analgesics such as non-steroidal anti-inflammatory drugs 
(NSAIDs) and acetaminophen in the treatment and management 
of LBP in adolescents. A Cochrane review looked at the efficacy of 
NSAIDs in those aged 16 and older with LBP, and NSAIDs seemed 
slightly more effective than placebo for short-term pain reduction 
and disability.51 If a patient’s LBP is unresponsive to conservative 
therapy or has persisted past four weeks a referral to a specialist 
may be warranted. A surgical approach may be needed for 
herniated nucleus pulposus, discogenic pain, apophyseal ring 
fracture and spondylolysis.52

OSTEOPATHIC APPROACH TO LOW-BACK PAIN 
Osteopathic manipulative medicine (OMM) is a treatment modality 
used to diagnose and treat patients with somatic dysfunction. 
Somatic dysfunction is defined as altered and impaired function 
of the parts of the somatic system including the skeletal, joints 
and muscular structures as well as their neural, lymphatic and 
vascular properties. There are four major principles or tenets of 
osteopathic medicine:

- The body functions as a unit of body, mind and spirit

-  The body is able and capable of self-healing, self-regulation and 
health maintenance

- Structure and function are interrelated

-  Rational treatment is based upon an understanding of the basic 
principles of body unity, self-regulation and the interrelationship 
of structure and function. 

Osteopathic manipulative treatment (OMT) is an effective and 
safe approach used by osteopathic physicians to complement 
conventional management of LBP. OMT can be used to diagnose 
and treat LBP and has been shown to decrease pain and improve 
musculoskeletal function and movement. LBP is one of the most 
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frequently treated conditions with OMT.53,54 There are several 
systematic reviews and meta-analysis that demonstrate that OMT 
is more effective than control measures in pain reduction and 
functional status for adult patients with acute and chronic LBP.53, 

55–57 These results suggest that the positive benefits of OMT may 
have the potential to last beyond one year.

The American Academy of Pediatrics recommends that clinicians 
understand that there are many pediatric conditions that would 
benefit from a complementary health approach.58 OMT is one 
of the most frequently used complementary health treatments 
for pediatric patients with neck and back pain.59 In a review of 
outpatient pediatric clinical encounters at a neuromuscular 
medicine/OMM clinic, the most common age group were early 
adolescents. The primary presenting complaint, in the early and 
late adolescence age group, was back pain. In the same age 
group, the most common clinical assessment was LBP or lumbar 
strain/sprain.58 OMT in children appears to be a safe treatment 
modality when done by physicians with training and expertise in 
OMM.54,58,60,61

Techniques used in pediatric OMT include counterstrain (CS), 
myofascial release (MFR), muscle energy, high velocity/low 
amplitude (HVLA), and lymphatic pump and are described in 
Table 4.54,60–62 A comprehensive history and physical and using 
a standard algorithm will help the clinician discern the patient’s 
diagnosis. The overall goal of OMT is to remove the obstruction 
and restore normal motion and function. OMT is classified by 
indirect or direct techniques. HVLA and muscle energy requires 
the clinician to move the region of restriction through a barrier 
and indirect techniques, such as CS, are directed opposite the 
restricted barrier. MFR can be either direct, indirect or both. In 
determining which technique to use, the clinician should take the 
patient’s age, level of cooperation and ability to follow directions 
into consideration.

Student athletes involved in throwing or kicking sports are at a 
higher risk of SI injury.62 Common techniques for SI dysfunction 
include HVLA and muscle energy.54 Patients may complain 
of pain up to 48 hours post-treatment, but the pain usually 
self-resolves.54,62 OMT may decrease unnecessary imaging, 
medications, referrals and invasive interventions. In addition, a 
more holistic approach to diagnosis and management may help 
the provider understand any risk factors that may exacerbate 
LBP. Contraindications to OMT include acute sprain or strains, 
fractures or dislocations, joint instability, malignancy or infection. 
Larger and more robust randomized controlled trials are needed 
in children and adolescents to determine and validate the effects 
of OMT on acute and chronic LBP. OMT and exercise have been 
shown to be effective in the adult populations, high quality 
research is needed to understand their effectiveness in the 
adolescent population with LBP. An ideal study would be a double-
blind randomized controlled trial to address the intervention of 
OMT in adolescent LBP. 

TABLE 4:  
Osteopathic manipulative techniques

OSTEOPATHIC  
MANIPULATIVE  
TECHNIQUE

DESCRIPTION 

Counter-strain Gentle indirect treatment. Place 
patient in a position of mild strain in 
the direction opposite the barrier. 
Involves a tender point and patient is 
positioned to maximum comfort until 
pain is reduced by 70%.

Myofascial release/
soft tissue technique

Areas of dysfunction are revealed with 
soft tissue palpation and technique 
involves soft tissues versus skeletal 
or arthrodial structures. Treatment 
involves lateral and linear stretching, 
deep massage, traction and muscle 
stretch or compression. The goal is  
to restore motion and functionality 
with tissue relaxation. 

Muscle energy Direct patient muscular contraction 
away from a restrictive barrier against 
resistance from the clinician. Used in 
treating motion restriction. 

High velocity/low 
amplitude 

Using a thrust or impulse there is  
direct engagement of a motion  
barrier. Goal is to improve joint  
motion.

Lymphatic pump Gentle and rhythmic technique that 
improves function through improved 
fluid drainage. Goal is to improve 
lymphatic movement. 

PREVENTION 
The skeletally immature adolescent goes through periods of rapid 
growth. They are more vulnerable to muscle contractions and 
trauma so focusing on education and prevention of injuries is 
important.63 Evolving evidence suggests that programs that focus 
on a pre-season conditioning program that starts several weeks 
before the start of a sport season allows for a gradual increase 
in activity level. The program should aim to increase flexibility, 
endurance and neuromuscular training which has been shown to 
reduce injury rates.61,62 Also, the adolescent should be allowed to 
rest and recover after a low-back injury especially with activities 
that require repetitive movements. In general, if the clinician 
follows an evidence-based advice strategy, young athletes should 
not participate in more hours of sports per week older than their 
age in years, which will help reduce overuse injuries and most 
back injuries.63,64

CONCLUSION
LBP in adolescents is a diagnosis that is most often self-limited, 
musculoskeletal or non-specific in nature and responds to 
simple conservative treatments. The clinician should perform a 
comprehensive history and physical and by using an algorithm 
should be able to distinguish between benign and serious causes 
of LBP. In addition, the clinician should be vigilant and understand 
the warning signs of serious causes of low-back pain and respond 

promptly and provide the appropriate referrals, imaging and 
lab work. The role of psychosocial factors as an etiology of LBP 
in adolescents should also not be undervalued and involving 
the appropriate mental health specialists may be necessary. 
Physical therapy can be helpful with core-strengthening exercises 
and increasing lower extremity flexibility. In addition, patient 
education on preventative measures such as postural awareness, 
improving and increasing core strength, increasing core flexibility, 
relaxation and stress management and age-appropriate sports 
participation should help reduce future LBP injury. Finally, there 
is more mainstream acceptance of the efficacy of OMT in treating 
LBP. Several studies have demonstrated safety and efficacy 
of OMT in the adult and pediatric population. OMT should be 
considered a treatment modality in adolescents with LBP as it is 
safe, low-cost, non-invasive, effective and practical. 
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Abstract:

Multiple sclerosis (MS) is an uncommon neurological pathology frequently initially discovered 
by primary care providers in their workup of new focal neurological deficits. Many cases go 
undiagnosed for years despite multiple flares, with risk of cumulative disability. Early treatment 
is key to slowing or preventing the accumulation of this disability and maximizing function in the 
long term. This literature review covers all aspects of MS, including pathophysiology, diagnostic 
testing and differential diagnosis, disease classification, and disease-modifying agents for acute and 
chronic treatment. This study also summarizes support services, including osteopathic manipulative 
treatment, that help to maximize patient function and independence. While better therapeutics 
continue to emerge, significant limitations, side effects and continued progression—despite optimal 
therapy—result in progressive and irreversible loss of function for many patients. Heightened 
awareness of current progress in MS diagnosis criteria and initial testing amongst primary care 
providers can shorten the time to treatment and formal diagnosis, allowing patients to live their 
best lives despite their MS diagnosis.

KEYWORD:

Multiple sclerosis

Multidisciplinary 
management

Osteopathic 
manipulative therapy 

INTRODUCTION
Multiple sclerosis (MS) is a complex disease state in which 
autoantibodies attack the central nervous system (CNS). These 
attacks result in progressive damage and subsequent disability, 
with eventual discovery typically coming from this disability. MS 
has an estimated minimum prevalence of 2.88 per 1000 
individuals in the United States and, like most autoimmune 
conditions, is more likely in women with ~3:1 predominance.1 The 
exact cause of this immune attack is unknown and appears to be 
multifactorial. There does appear to be a genetic component, as 
studies have shown a correlation between risk of MS in families 
proportional to amount of genetic similarity.2 A monozygotic twin 
carries a risk of 25% for MS if their twin has the disease, which 
drops to around 5% for dizygotic twins or primary relatives, 1-2 
percent for secondary relatives, and above base rate but less than 
1% for tertiary relatives.2 However, the low rates of incidence even 
with identical DNA imply a concomitant environmental 
component. Cases have been reported after Epstein–Barr virus,3 

human herpesvirus 64 and mycoplasma pneumoniae exposures,5 

implying a possible mechanism similar to that in type 1 diabetes 
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with Coxsackie B virus,6 with structures similar to that of the 
myelin sheath presenting on these agents to the immune system. 
Low vitamin D levels are shown to increase risk of MS,7 with 
possible mechanism via immune cell activation on B/T cells and 
macrophages by vitamin D receptors.8 This does also result in 
significant difference in MS prevalence based on latitude of 
primary residence. While several studies have argued that 
increased Vitamin D supplementation may modify MS severity, 
this is not conclusively proven with substantial disagreement in 
the literature at this time.7 Smoking also appears to contribute, 
with history of smoking associated with relative risk of 1.5 for MS 
diagnosis, along with worsening frequency of relapse, higher 
conversion to progressive MS from remitting courses, and 
increased rate of disability accumulation.9 There does appear to 
be an association with obesity as well, with a recent pediatric 
study showing twice the rate of MS in obese German children (OR 
2.19 females, 2.14 males, p≤0.003) and worse response to first 
line agents in obese children, though whether this is causative or 
simply a secondary association is unknown.10

PATHOPHYSIOLOGY
While the initial cause of autoimmune attack is multifactorial and 
still not fully understood, the mechanism of injury and progression 
of an MS flare are well characterized. Classically, it was thought 
that CD4+ T-cells caused the injury in MS.11 Further characterization 
has shown involvement of much of the immune system, with 
CD8+ T-cells, B-cells, Th1 and Th17 helper cells, CD4 and CD8+ 
T-regulatory cells, NK cells, mast cells, dendritic and microglial 

Osteopathic Family Physician (2022) 27–34                                                                  



2928 Osteopathic Family Physician  |  Volume 14,  No. 4  |  July/August 2022 Blocher-Smith, Izokaitis                                                                                                                                             Multiple sclerosis review

cells, macrophages, among others.12,13,14 These immune cells 
infiltrate a region within the CNS and attack nearby myelin sheaths 
and their supporting oligodendrocytes.15 Depending on the 
severity of attack, this may only demyelinate a number of neurons 
resulting in temporary loss of their function until this sheath 
repairs itself across a period of weeks to months. In more severe 
episodes, however, this may progress to neuronal death, resulting 
in permanent loss of function.15 As this attack increases in severity, 
the more temporary and permanent disability will occur with each 
episode. This accumulation of immune cells, damaged neurons, 
and surrounding inflammatory edema/cytokines results in 
characteristic plaques that are easily seen on MRI.16 As the 
inflammation clears, glial cells proliferate to fill in any residual 
defect resulting in astrogliosis, leaving a permanent “scar” of the 
neural tissue.16 

The exact loss of function resulting from a MS flare is dependent 
on the location of the immune attack. Occipital or medullary 
lesions may cause blindness or ophthalmoplegia, cerebellar 
lesions may cause poor balance, damage to the motor cortex or 
motor pathways in the spinal cord may cause paralysis, damage 
to frontal territories may affect behavior or mood, etc.17 Due to 
the fact that every neurological system may be affected, initial 
diagnosis of MS may be very challenging. This is especially 
concerning, as every new attack without medication support is a 
roll of the dice to permanently lose CNS function.18 Disability in MS 
is typically scored by the Kurtzke Expanded Disability Status Scale 
(EDSS) a scale that ranges from 0–10 as shown in Table 1.19 Prior 
to the creation of modern therapies for treatment, mean 
progression of disability was estimated at 0.27 EDSS points every 
2 years for patients with relapsing-remitting MS.20 More recent 
studies have shown >50% of progressive MS cases will have EDSS 
>6 within 10 years of symptom onset.21 Additionally, many patients 
may not realize the significance of early deficits, instead thinking 
that they are simply being clumsy or mistaking mood changes as 
a primarily psychological issue instead of the true neurological 
cause. As such, many primary care physicians (PCPs) may treat 
patients conservatively for an extended period before recognizing 
the significance of these disparate symptoms. A 2018 Swiss review 
of 1059 patients found only 62.7% of their patients were diagnosed 
within 2 years from initial symptoms, despite 90% having seen 
their PCP within the year prior to diagnosis.22 Items from this 
study associated with a longer time to diagnoses were male sex, a 
general practitioner as the first provider contacted, and atypical 
symptoms from first episode.22 Symptoms that are most common 
are those associated with the largest brain volume, since lesions 
may appear anywhere in the CNS. Thus, vision, balance, emotional 
and motor disturbances are most common, with hearing, speech, 
dysphagia, respiratory issues, or seizures less likely but still 
possible.23 Aggressively treating to limit the level of immune 
destruction with intervention as soon as possible after diagnosis 
will reduce the rate of disability in both the short and long term.

TABLE 1:  
EDSS Scale. The scale uses assessment in 8 functional systems 
(FS): Cognition and memory, pyramidal, sensory, visual, bowel/
bladder function, cerebellar, brainstem, and other. A score of 
4 or less is still fully ambulatory, with rapid loss of function at 
higher scores. In most studies, worsening disability is defined as 
a persistent increase in EDSS of 1 point or more.19 

SCORE DESCRIPTION

0 Normal neurological exam, no disability in any FS.

1.0 No disability, minimal signs in 1 FS.

1.5 No disability, minimal signs in >1 FS.

2.0 Minimal disability in 1 FS.

2.5 Mild disability in 1 FS or minimal disability in 2 FS.

3.0 Moderate disability in 1 FS, or mild disability  
in 3-4 FS. No impairment to walking.

3.5 Moderate disability in 1 FS and more than  
minimal disability in several others. No  
impairment to walking.

4.0 Significant disability but self-sufficient and mobile 
≥12 hours a day. Able to walk without aid or rest 
for 500 m.

4.5 Significant disability but up and about much of the 
day, able to work a full day, may otherwise have 
some limitation of full activity or require minimal 
assistance. Able to walk without aid or rest for 300 m.

5.0 Disability severe enough to impair full daily activi-
ties and ability to work a full day without special 
provisions. Able to walk without aid or rest for 200 m.

5.5 Disability severe enough to preclude full daily  
activities. Able to walk without aid or rest for 100 m.

6.0 Requires a walking aid to walk about 100 m with  
or without resting.

6.5 Requires two walking aids to walk about 20 m 
without resting.

7.0 Unable to walk beyond ~5 m even with aid. 
Essentially restricted to wheelchair, wheeling self 
in standard wheelchair and transfers alone. Up 
and about in wheelchair ≥12 hours a day.

7.5 Unable to take more than a few steps. Restricted 
to wheelchair and may need aid in transferring. 
Can wheel self but cannot complete full day in 
standard and may require motorized wheelchair.

8.0 Essentially restricted to bed or chair or pushed in 
wheelchair. May be out of bed itself much of the 
day. Retains many self-care functions. Generally, 
has effective use of arms.

8.5 Essentially restricted to bed much of day. Has 
some effective use of arms retains some self-care 
functions.

9.0 Confined to bed. Can still communicate and eat.

9.5 Confined to bed and totally dependent. Unable to 
communicate effectively or eat/swallow.

10.0 Death due to MS.

DIAGNOSIS
The hallmark of MS is lesions disseminated in both space and 
time—first identified in 1965 by the panel of multiple sclerosis24—
with diagnosis now most commonly occurring under the 
McDonald Criteria. Originally developed in 2001 by Professor Ian 
McDonald of London University, a New Zealand neurologist and 
the foremost expert of his time on MS, along with a team of 
experts, these guidelines are the standby for rigorous clinical 
diagnosis.25 The most recent revision, published in 2017, focuses 
on diagnosis as early as possible while still meeting guidelines to 
prevent misdiagnosis.26

The standby of diagnosis is magnetic resonance imaging (MRI) 
evidence of lesions characteristic of MS, with 2 clinical attacks and 
evidence of 2 different lesions categorically defining MS.25 

However, these recent changes now allow detection of CSF 
specific oligoclonal bands to substitute for dissemination in time 
requirement, allowing diagnosis of MS with a single attack so long 
as at least 2 lesions are characterized at that time.26 As previously 
mentioned, some patients may not have recognized a prior flare 
and its sequelae, allowing earlier diagnosis and treatment. Typical 
studies for a high index of suspicion for MS include MRI of the 
brain and/or spinal cord, CSF analysis with paired serum sample 
for oligoclonal band analysis, and evoked potential studies.23 Early 
referral to neurology for assessment is also extremely important. 
These will now each be reviewed in detail.

MRI studies of the brain and spinal cord are ordered, as 
comprehensive evaluation of the CNS is appropriate to 
characterize all lesions for diagnosis. Additionally, use of 
gadolinium enhancement contrast can allow for differentiation of 
acute lesions with high uptake vs chronic lesions with gliosis 
scarring. Lesions are classified into 4 regions: periventricular, 
cortical/juxtacortical, infratentorial and spinal cord.27 CSF analysis 
will show high protein secondary to albuminocytological 
dissociation. This finding, classically associated with Guillain-Barré 
syndrome, is positive in any CNS demyelinating process as the 
excess protein without cellular content is from the fragments of 
myelin sheath that have been destroyed.28 Additionally, CSF 
specific oligoclonal bands, seen only in the CSF and not in the 
paired serum sample drawn concurrently, correspond to the IgG 
antibodies attacking the brain. In particularly severe cases, there 
may also be IgM antibodies that are CSF specific. This corresponds 
to much worse outcomes overall.29 Evoked potential studies look 
at systems that are challenging to examine precisely and have a 
high risk of clinically occult deficits. This includes visual testing, 
auditory testing, brainstem evoking potentials, and somatosensory 
testing. For example, testing of vision involves use of visual 
stimulus with measured conductivity of the optic nerve pathway. 
This is an extremely sensitive test with any change to the nerve 
pathway resulting in measurable signal variance.30 Lastly, 
autoantibody testing may come into play for differentiating 
alternative diagnoses in an atypical presentation for MS and 
would exclusively be ordered by a neurologist.

Disease classification

Multiple sclerosis may present as 1 of 4 categories of disease state 
(see Figure 1):

1.  Clinically Isolated Syndrome (CIS): This person has symptoms 
of MS lasting at least 24 hours but has not yet been formally 
diagnosed with a true MS diagnosis. This gateway diagnosis is 
placed on any individual who does not yet clearly meet both the 
dissemination in space and dissemination in time requirements 
for MS. Many people may never show a second episode and 
thus never qualify as MS. Many are properly differentially 
diagnosed with alternative conditions, such as optic neuritis, 
that have similar symptoms. However, individuals considered 
at high risk of progression to a formal MS diagnosis may receive 
disease-modifying drugs with full U.S. Food and Drug 
Administration (FDA) approval.31

2.  Relapsing Remitting Multiple Sclerosis (RRMS): This is the 
most common type of MS encompassing about 85% of patients 
with true MS diagnosis. This patient will have periodic episodes 
of MS flares, with partial to full recovery to prior baseline after 
each episode. They do not tend to worsen outside of individual 
flares, though each flare carries the risk of more persistent 
deficits and progressive debility and disability as more damage 
accumulates in the CNS.31

3.  Secondary Progressive Multiple Sclerosis (SPMS): This type 
of MS initially presents as RRMS but then worsens, with slow 
progressions of disability both with and without evidence of 
acute flares. While singular severe flares certainly still occur, the 
majority of disability and loss of function occurs as a slow 
worsening outside of these flares.31

4.  Primary Progressive Multiple Sclerosis (PPMS): This is the 
worst type of MS with rapid progression of disability. There is 
no respite period of RRMS initially, instead demonstrating the 
same constant accumulation of disability seen in SPMS. As with 
SPMS, this accumulation may happen independently of 
visualized new activity/lesions on MRI.31

Remember that just because a new lesion appears and there is 
new damage, the patient may not show symptoms. Similarly, new 
deficits may appear without new lesions due to worsening 
damage in existing territories.31
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FIGURE 1:  
Illustration of disease course for MS diagnoses.

FIGURE 1A: 
CIS, in this case with persistent disability.

FIGURE 1B: 
RRMS. Note return to baseline for flares 1 and 4, with disability 
progression for flares 2 and 3.

FIGURE 1C: 
SPMS. Note RRMS final peak followed by start of constant  
disability accumulation. Once SPMS starts, in between flares  
is only ever worsening or flat.

FIGURE 1D: 
PPMS, which starts immediately with constant progression  
and rapid deterioration.

Differential diagnoses

As would be expected in a condition with such a wide range of 
symptoms, the list of potential alternative diagnoses is extensive. 
Many other conditions may cause MRI enhancing lesions with 
acute deficits, such as tertiary syphilis, human immunodeficiency 
virus, human T-lymphotropic virus type 1 or Lyme disease.32,33 

Many alternative autoimmune conditions may also mimic this, 
such as sarcoidosis, lupus of the CNS, Sjögren’s syndrome, 
Behçet’s disease or vasculitis of the CNS.32,34,35 Rarer inflammatory 
conditions—such as neuromyelitis optica spectrum disorder, 
acute disseminated encephalomyelitis or myelin oligodendrocyte 
glycoprotein-related demyelination—are also possible but outside 
the scope of this review. Nutritional deficits can mimic the 
neuropathy and myelopathy symptoms of MS, such as B12 and 
copper deficiency.32,36,37 Lastly, sudden onset deficits should 
always raise concern for primary vascular cause, such as primary 
stroke, as well as rare diagnoses, including cerebral autosomal 
dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL), which causes recurrent strokes 
with white matter lesions or retinocochleocerebral vasculopathy 

(Susac syndrome), which may cause sudden onset speech and 
hearing deficits.32,38,39 Well-characterized MRI early in the disease 
course is most essential for effective differential diagnosis of 
these conditions. Nearly every case of MS will start showing 
symptoms between the ages of 20 and 50, with a vanishingly small 
number of cases in patients younger than 10 years old and 3.4% 
first diagnosed after 50.1,40 However, due to the quality of new 
treatments and improved survivability, recent evaluations have 
shown peak prevalence in the 55–65 age group.1

TREATMENT
The top goals in multiple sclerosis are reducing number of flares, 
reducing severity of flares when they happen, and limiting 
persistent disability. These will each be discussed in turn. Nearly 
all medications that decrease frequency of flares also reduce 
severity, though some medications are used only for acute 
treatment of a new flare rather than for general prevention.41 

TABLE 2:  
Medications for MS management. Many additional medication trials exist, but only included those currently in phase 3 trials are  
included here. Many new medications seek to attack the Bruton’s tyrosine kinase to reduce B-cells; however, no medication with  
this mechanism is currently FDA approved.

CLASS GENERIC BRAND ROUTE RRMS SPMS PPMS 2ND LINE

Sphingosine-1 
Phosphate 
Receptor

Fingolimod Gilenya® Oral X X

Ozanimod Zeposia® Oral X X

Ponesimod Ponvory® Oral X X

Siponimod Mayzent® Oral X X

Fumarate

Dimethyl  
Fumarate Tecfidera® Oral X X

Diroximel Fuma-
rate Vumerity® Oral X X

Monomethyl 
Fumarate Bafiertam® Oral X X

Dihydroorotate 
Dehydrogenase Teriflunomide Aubagio® Oral X X

Adenosine  
Analogue Cladribine Mavenclad® Oral X X X

Interferon 
Modulators

Interferon ß-1a
Avonex® Injection X X

Rebif® Injection X X

Peginterferon 
ß-1a Plegridy® Injection X X

Interferon ß-1b
Betaseron® Injection X X

Extavia® Injection X X

Myelin Protein 
Inducers

Glatirimer 
Acetate Copaxone® Injection X X

Glatirimer 
Acetate Glatopa® Injection X X

CD20  
Targeting

Ofatumumab Kesimpta® Injection X X X

Ocrelizumab Ocrevus® Injection X X

Ublituximab 
(Phase 3) TG-1101 Oral X

CD52  
Targeting Alemtuzumab Lemtrada® Infusion X X X

α4 Integrin  
Targeting Natalizumab Tysabri® Infusion X X

Antineoplastic 
DNA  
Crosslinking

Mitoxantrone Novantrone® Infusion X X

Other

Evobrutinib 
(Phase 3) M-2591 Oral X

Tolebrutanib 
(Phase 3) PRN-2246 Oral X

Fenebrutanib 
(Phase 3) RG-7845 Oral X
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Direct immune modulation takes the form of oral, injectable, and 
infusion medications, as illustrated in Table 2. Medications 
targeting the sphingosine-1 phosphate receptors (-imod) work to 
decrease lymphocyte entry into the CNS by sequestration in the 
lymph nodes, thus reducing risk of damage.42 Fumarate 
compounds are poorly understood but appear to modulate 
severity of inflammation from immune responses via antioxidative 
effect and are also commonly used in treatment of other 
inflammatory conditions like psoriasis.43 Teriflunomide, similar to 
the agent leflunomide in rheumatoid arthritis, inhibits the DHO-
DH enzyme resulting in impaired B- and T-cell production and 
suppressing immune response.44 Cladribine is an adenosine 
analogue that is cytotoxic in its triphosphorylated form, though it 
only achieves this active form in cell lines that have low 
5’-nucleotidase activity, such as lymphocytes, resulting in 
differential apoptosis of these immune cells.45 However, cladribine 
is not perfectly targeted and thus has high risk of side effects due 
to cell death in other cell lines, making it a second line agent.45

Next, most injectable products focus on immune modulation via 
interferon beta. IFNß-1a is naturally produced in the human body, 
while IFNß-1b is a recombinant form of IFNß produced in E. coli. 
While the exact mechanism is not fully understood, IFNß reduces 
T-cell activity with emphasis on Th17, reduces pro-inflammatory 
cytokines and decreases lymphocyte entry into the CNS.46 

Alternatively, glatiramer acetate induces excess production of 
myelin sheath proteins, reducing damage to the actual myelin 
sheaths, while modulating immune response.47

Lastly, a number of monoclonal antibody products exist, all of 
which focus on destruction of lymphocytes. Several agents target 
CD20 which is expressed on B-cells resulting in focal destruction.48 

Another attacks CD52, an antigen present on most immune cells 
including B-/T-/NK-cells, monocytes, and macrophages.49 Yet 
another attacks the α4 subunit of integrins, binding it and thus 
blocking the crossing of leukocytes through the blood-brain 
barrier.50 Lastly, mitoxanantrone, an analogue of doxorubicin, 
directly attacks the cells via DNA crosslinking with strand breakage, 
destroying cell replication in immune cells and thus reducing 
them.51 As with cladribine, this does result in some damage to 
other cells lines, resulting in this classification as a second line 
agent. Efficacy of these treatments shows that, roughly, 
monoclonal antibody treatments have the highest efficacy, 
followed by S1P receptor and fumarate drugs, with teriflunomide 
and the oldest standbys of INFß therapeutics and glatiramer with 
lowest benefit. This may change once the new oral drugs in Phase 
3 trials are approved.

As many of these products diminish immune function, significant 
risk with infections or reactivation of chronically suppressed 
diseases is present. Most notably with drugs that block  
immune entry across the blood-brain barrier, this includes 
reactivation of the JC virus, resulting in progressive multifocal  
leukoencephalopathy (PML), which can be devastating to function 
and require cessation of therapy.52 This does also include chronic 
hepatitis B and C reactivation,53,54 varicella zoster,55 and HHV-6,56 
among others.

Acute MS flares are treated with immune suppression, typically 
taking one of three forms. High dose IV/PO steroids were the first 

treatment identified and work well, however, many patients exist 
that may not be able to tolerate their side effects.57 A similar 
option is use of high dose purified adrenocorticotropic hormone 
injections that induce the body to secrete steroids directly; 
however, this is very expensive and many locations do not have 
access to this therapy.57 The last option is plasmapheresis which 
exchanges the plasma in the patient’s blood to remove circulating 
antibodies, cytokines, and inflammatory biomarkers. This does 
have good evidence but is typically recommended when steroids 
are not sufficiently treating a flare.57 IVIG has been trialed in the 
past but lacks high-quality evidence to support its use.

Outside of treating the underlying cause, medical therapy mainly 
focuses on treating the effects of MS flares to minimize disability. 
Optimal treatment for MS patients should include physical 
therapy to maximize function and accelerate return to maximal 
baseline.58 This should also include occupational therapy as 
progressive accommodations will become necessary as disability 
accumulates to allow for best function and quality of life.59 Key 
disability to watch for includes spastic bladder with bladder 
infections, loss of bowel control or motility, vertiginous symptoms, 
fatigue, new chronic pain and paresthesia, sexual functioning, 
muscular spasticity/tremors/gait problems and concomitant 
depression. An excellent summary of current medications for 
these symptoms and their use may be found through the National 
Multiple Sclerosis Society.41 Dysphagia in MS is common with 
prevalence of 43%, requiring use of regular screening and speech-
language pathology for evaluation and therapeutic treatment.60 

Use of OMT for MS patients should focus on restoring as much 
homeostatic balance as possible. Because mobility is limited in 
many MS patients, opening the thoracic inlet is a low complexity 
intervention that can improve biomechanics and respirations 
along with lymphatic flow. Similarly, sacral rock/sacral wobble can 
help with parasympathetic tone and aid with GI functioning, which 
is likely to be affected either primarily by MS damage or secondarily 
by low gut motility from decreased activity overall.61 Several pilot 
studies exist that look at other OMT interventions with 
improvement in quality of life overall. Additionally, assessment 
from OMT first principles would imply that use of counterstrain, 
muscle energy, the Still technique and others should be of use for 
the muscle tension and spasticity seen from loss of innervation or 
changes to gait mechanics from MS progression. This is likely to 
be a fruitful topic of future osteopathic research.

CONCLUSION
Multiple sclerosis is a complex autoimmune disease with each 
flare carrying the risk of additional disability. Early detection and 
awareness of the disease in the differential, even for common 
problems like anxiety/depression, gait changes, and tremor, is key 
for primary care providers. Imaging early with MRI if you have 
suspicion of MA is the mainstay for diagnosis, with more 
specialized labs such as CSF specific oligoclonal bands now playing 
an increased role in early diagnosis. DO providers should use 
OMT to help their patients with MS, along with utilizing a 
multidisciplinary team of physical therapists, occupational 
therapists, speech language pathologists, and other specialists to 
aid in maximizing function as the disease progresses. Refer to 

neurology early to get new therapeutics initiated. Most importantly 
as a DO, it is important to provide care to the entire patient, with 
emotional and spiritual support as necessary as the patient deals 
with a significant and debilitating diagnosis.  
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Abstract:

Climate change continues to have a detrimental effect on the overall health of people globally. 
The average yearly temperature has continually risen since the late 19th century and is projected 
to continue rising for decades ahead. Increased temperature has been linked to decreased sleep 
quality and increased heat strokes and pregnancy complications. 

Adverse effects on cardiopulmonary health have been linked to climate change. Air pollution is 
correlated to an increased risk of myocardial infarctions and aggravation of symptoms pertaining 
to asthma and chronic obstructive pulmonary disorder. Lengthening of the pollination season 
because of warmer weather due to climate change has led to an increase in allergy-related rhinitis 
and asthma. 

Temperature increases have caused a lengthening of the transmission season of infectious disease, 
especially vector and water-borne diseases. Infectious disease has begun to spread to new areas 
globally due to increased temperatures, rainfall and flooding attributed to climate change. 

The mental health impacts attributed to climate change, including depression and anxiety, are 
escalating. With increased floods and hurricanes, people of certain geographic areas can experience 
an increase in acute stress, which may lead to chronic post-traumatic stress disorder.

Family physicians are at the forefront of advising patients on how to handle the health effects of 
climate change. In addition to climate change’s impact on health, patients of lower socioeconomic 
status are more at risk because of lack of adequate resources and financial stability. Through 
detailed histories, family physicians have an opportunity to identify affected patients and intervene 
earlier.

KEYWORD:

Climate change 

INTRODUCTION
Scientific researchers have tried for many years to explain why 
the Earth’s overall temperature is rising, a critical component of 
climate change. Since the middle of the 19th century, an overall 
increase of greenhouse gas emissions into the Earth’s atmosphere 
has caused a consistent rise in the average yearly temperature of 
the Earth.1 Warming of the Earth caused by climate change has 
led to both acute and chronic changes to the Earth’s ecosystem. 
Acute changes include increased natural disasters, flooding, and 
heat waves while chronic changes include increased pollution and 
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creation of environments more suitable for pathogens.1 These 
chronic and acute changes to the Earth can cause drastic direct 
and indirect effects on the health of humans.2

Every American’s health is at risk of being impacted by climate 
change. However, there seems to be external factors not directly 
related to climate change that can contribute to the increased risk 
of health consequences. People with lower socioeconomic 
statuses were shown to have a higher likelihood of having their 
health impacted by climate change. More specifically, in urban 
populations, there is a higher risk of health issues from climate 
change in lower socioeconomic areas due to less green space, 
fewer community resources, and inability to attain adequate help 
to address their health problems.3 In addition, a study based in 
the southeast United States showed the presence of a higher 
number of people living below the poverty line in rural populations. 
These communities may have a lower ability to respond to the 
health burdens imposed by climate change, like increased heat 
and weather variations.4

Osteopathic Family Physician (2022) 35–40                                                                 



3736 Osteopathic Family Physician  |  Volume 14,  No. 4  |  July/August 2022 Pettitt, Gara, Izak, Steele                                                                                                                                           Impact of climate change

Even though researchers have started to uncover the effects that 
climate change has had on human health, it is still difficult to 
formally attribute health outcomes solely due to climate change. 
Many health-related burdens due to climate change can be 
classified as climate-sensitive or climate-induced. Climate-
sensitive illnesses can be exacerbated by the consequences of 
climate change and include cardiovascular, pulmonary, and renal 
diseases. Climate-induced illnesses can be linked directly to the 
consequences created by climate change and include heat stroke, 
malnutrition, and mental illness.5 This is significant for healthcare 
providers, especially family medicine physicians who are the first-
line defense as they see a vast array of clinical cases. With 
increased mortality and morbidity now being associated with 
climate change, new research and data can help family medicine 
physicians with the diagnosis, management, and treatment of 
future patients with climate-change provoked diseases.6 

HEAT
On average, temperatures in the United States have risen 1.3–
1.9°F (0.72–1.06°C) since 1895 and are estimated to continue to 
increase 2–4 degrees over the next few decades. These increasing 
temperatures lead to extreme heat-related events, such as heat 
strokes, which is the most prominent cause of weather-related 
deaths.7 Deaths from heat strokes are often associated with 
agricultural workers because they continue to work despite 
feeling ill. The southeast and southwest portions of the United 
States are the areas at most risk of these increasing temperatures, 
where hot and humid work conditions increase health risk.8 
Studies in the central valley of California show migrant farm 
workers have been developing acute and chronic kidney disease 
at higher rates due to increased prevalence of heat waves in this 
area.9 This increase in renal disease could potentially be caused 
by chronic dehydration due to heat stress, because these workers 
spend the majority of time outside.9

Heat itself has also been tied to decreased sleep quality, duration 
of sleep, and increased rates of obstructive sleep apnea.7 Negative 
effects of increased temperature have also begun to impede on 
city areas due to increased amounts of black pavement which 
absorb and trap heat. This phenomenon, called the “heat-island 
effect,” coupled with a decrease in the amounts of trees in cities, 
further contribute to increases in temperature.10

Multiple studies have also investigated heat-related increases in 
preterm births. Increases in temperature due to climate change 
were correlated with decreased birth weights, decreased 
gestational length, increased risk of stillbirth, and an increase in 
neonatal stress and mortality.11

NUTRITION
Of the many implications of climate change, its effect on food 
resources is a topic gaining immense traction. Due to climate 
change’s correlation with increased temperatures, rainfall and 
CO2 levels, this poses problems with agriculture, potentially 
impacting nutrition. Many effects of climate change can alter crop 
yield, nutrient value, protein content and even livestock. 
Furthermore, climate change is attributed to a decreased amount 

of animal pollination, which can potentially impact patients. 
Growing research shows possible contributions to altered levels 
of micronutrients in crops, such as folic acid, which could lead to 
birth defects.12 The increases in CO2 concentrations can also 
potentially change nutritional value by decreasing protein content 
in crops by 7%–15%. This can cause patients susceptible to 
malnutrition to not meet their daily intake of protein. Additionally, 
decreases in zinc and iron levels in cereals and legumes, as well as 
a decrease in phosphorus and potassium, can cause individuals to 
have a deficiency in these minerals.12 

Studies based on models accounting for CO2 levels, water 
nitrogen, and temperature also project how climate change would 
affect the wheat grain protein concentration, which is amongst 
the three main sources of human nutrition. It was found that 
areas with low and mid-latitude locations, such as Texas, Florida 
and North Carolina, show a negative correlation to grain yield and 
protein concentration. In contrast, high-latitude locations, such as 
states along the northern border of the United States, show a 
more positive yield, once again interplaying with proper nutritional 
value.13 

CARDIOPULMONARY
Cardiopulmonary systems are affected by climate change through 
air pollution, extreme temperatures, sand dust storms, and 
wildfires. Air pollution is assessed using fine particulate matter 
(PM2.5) and ground level ozone (O3). PM2.5 comes from ambient 
air pollution and causes the greatest threat to public health.14,15 

Particles with a diameter less than 2.5 µm can travel into 
bronchioles and alveoli and cause systemic oxidative stress and 
inflammation.16,17 O3, likewise, is a harmful oxidizing agent and the 
primary constituent of smog.18,19 Measurements of PM2.5 and O3 
show that air quality worsens as areas become more urban.19 Air 
pollution is associated with increased emergency department 
visits, asthma and chronic obstructive pulmonary disease (COPD) 
exacerbations, and higher risks of myocardial infarctions.14,15,18–21 

Inhaled pollutants can increase the risk of myocardial infarctions 
by causing atherothrombosis through systemic inflammatory 
responses, sympathetic nervous system activation, and the direct 
result of pollutants in systemic circulation.20

Exposure to extreme temperatures, sand dust storms and 
wildfires are becoming more frequent and are affecting more 
individuals. Severe heat waves and cold spells lead to dehydration 
and force the human body to activate the sympathetic nervous 
system and renin-angiotensin system. During a heat stroke, a 
systemic inflammatory response may result as the body attempts 
to reduce its core temperature. These adaptations can explain the 
association between extreme temperatures and increased 
morbidity and mortality of cardiovascular disease.20 Both 
temperature extremes, as well as transitions and variability in 
temperature, may trigger acute myocardial infarctions and are 
associated with increases in morbidity and mortality in individuals 
with COPD.16,18

During the spring and summer months, sand dust storms are a 
rising threat in states like Arizona, California, Washington and 
Nevada. Dust storms are hazardous to cardiopulmonary health 

because they increase PM2.5. The inhaled particles damage 
bronchial epithelial cells and attract immune cells leading to 
increased hospitalizations in asthma and COPD patients and an 
increased risk for myocardial infarctions.14,17 The dust also 
increases the risk for infectious diseases such as influenza, 
coccidioidomycosis, bacterial pneumonia and meningococcal 
meningitis.17

Finally, wildfire activity has increased over the past decades, 
affecting multiple western states. While the rest of the country is 
decreasing in PM2.5, wildfires are believed to be the cause of PM2.5 

increases in the Northwest.22 There has been consistent evidence 
that wildfire air pollution leads to exacerbation of asthma. 
Associations between increased exacerbation of COPD or 
respiratory infections and wildfire pollution have been neither 
clear nor consistent within recent literature.23

ALLERGIES
Due to industrialization, increasing fossil fuel consumption has 
led to high levels of CO2.

24 High CO2, coupled with warmer 
temperatures, contributes to the promotion of plant growth and 
elongation of the pollen season. This is due to plants flowering 
earlier in the spring with warmer weather and surviving longer 
into fall with a delayed first frost.24,25 Not only has the pollen 
season been prolonged, but the pollen load in certain plants has 
increased as well. There is also a suspected increase in the 
allergenicity of the pollen being produced. These effects are 
contributing to more and worsening allergic diseases, such as 
asthma.25

Pollen is not the only factor of climate change that can affect 
allergies. Heat stress and ground level ozone both promote 
inflammation and, therefore, are associated with increased 
allergic responses.24 Additionally, as areas of the country 
experience more precipitation, humidity, flooding, and 
subsequently, an increase in indoor moisture, fungal growth and 
inhalation of fungal components can increase. These inhaled 
fungal components activate the immune system and can lead to 
allergic rhinitis and asthma exacerbations.24,26

INFECTIOUS DISEASE
Vector-borne infectious diseases are anticipated to continue 
globally spreading as the zone of optimal temperature for vector 
survival and pathogen transmission moves away from the equator 
and toward the hemispheres.27,28 Transmission seasons, which 
occur from spring through fall, and geographical ranges of 
diseases will continue to change as temperate regions experience 
warmer temperatures, milder winters, and more rainfall.28–30 It is 
important to analyze vector response to climate change 
separately. For example, malaria, West Nile, Zika, dengue, 
chikungunya and yellow fever viruses are all spread through 
mosquitoes, while Lyme disease is spread through different 
regional ticks. Because of their life cycles and feeding patterns, 
mosquito populations can respond rapidly to acute climate 
variability, like temperature fluctuations, and can cause both 
short-term and long-term epidemics. In contrast, increased tick 
populations result from chronic climate changes, like progressive 

increases in temperature and humidity in a region.27 As vector-
borne diseases spread to new areas or when individuals travel to 
areas endemic with disease without acquired immunity, they are 
more likely to experience more severe symptoms if they contract 
the disease.30 Fortunately, socioeconomic factors like public health 
services, education, housing infrastructure and drug availability 
will likely deter disease spread in the United States. However, 
extreme weather like flooding can hinder adequate vector 
control.29,30 

Warmer temperatures, as well as an increase in rainfall and 
flooding, are believed to increase the incidence of waterborne 
diseases because they increase pathogen survival and replication 
and can increase expression of virulence genes in bacterial 
pathogens.31,32 Increased temperatures also affect human 
behavior, as individuals consume more water during warmer 
temperatures, thus causing an increase in the probability of 
pathogen ingestion.31 Increased rainfall and flooding can transport 
pathogens, contaminate groundwater and overwhelm water 
treatment infrastructure.31,32 The increased incidence of 
waterborne diseases after a heavy rain can be intensified when 
there is a significant dry period preceding it, allowing for an 
increased concentration of pathogens. When there is heavy 
rainfall, these pathogens can be spread by the increased flow of 
water.32 Heavy rainfall can also carry protozoan pathogens from 
manure and can contaminate fresh produce.31 Finally, flooding 
can cause the displacement of affected people to temporary 
communities with inadequate sanitation and water treatment 
systems.31

MENTAL HEALTH
An often-overlooked impact of climate change is its effects on 
mental health. These climate related events can lead to 
displacement of individuals from their homes, stress and mental 
health problems, such as depression, anxiety and post-traumatic 
stress disorder (PTSD). Extreme weather is estimated to produce 
negative mental health outcomes in about 25%–50% of individuals 
within the first year after the event.33

Amongst patients who experience a flood, 30%–40% are diagnosed 
with PTSD. Initial trauma from the climate change event may 
cause an acute stress disorder, which can ultimately lead to 
PTSD.33 Patients affected by flooding are said to experience PTSD 
at an eight times higher rate than those from homes that were not 
affected.34 A study done after Hurricane Katrina in New Orleans 
showed 20%–35% survivors had mental health disorders 
afterwards. Amongst these survivors, half of them with PTSD 
came from marginalized communities, mainly low-income African 
American women.35 

Increasing temperatures alone can take a substantial toll on an 
individual’s mental health. Extreme heat and humidity have 
increased the amount of hospital admissions for patients with 
mood and behavioral disorders, such as schizophrenia, mania, 
and neuroticism. Thermoregulation can be affected in patients 
with pre-existing mental illnesses, chronic medication use, or 
substance abuse, thus further contributing to the susceptibility to 
heat-related morbidity.35
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more than twenty-five days of precipitation. This data suggests 
that the southern United States during the spring and summer 
months will be more susceptible.36 

Newer terminology has been developed to further define some of 
the possible mental health outcomes from climate change. These 
mental health issues can stem from what is known as 
psychoterratic syndromes. These syndromes include ecoanxiety, 
defined as the anxiety brought on by climate change, and 
ecoparalysis, which is defined as one’s non-effectiveness in having 
control over climate change. Extreme weather events associated 
with climate change may cause another syndrome known as 
solastalgia, which is described as the stress from the progressive 
loss of solace from one’s surroundings.35

Similar to adults, children are susceptible to the mental health 
effects of climate change. Children are a lot more aware of the 
world around them and have an increased expression of fear and 
worry towards their future due to climate change.37

ROLE OF THE FAMILY PHYSICIAN
The family physician’s priority is their patients’ health, so it is 
important to be well informed on everyday aspects of living that 
can affect their patient’s quality of life. Family physicians can 
directly impact these changes by implementing green practices, 
such as telemedicine into their practice. This is noteworthy since 
healthcare delivery can be attributed to 10% of the greenhouse 
emissions.38 The effects of climate change can offer a unique 
opportunity for family physicians to play a significant role in 
healthcare. 

A study performed in Wisconsin surveyed family physicians about 
the effects of climate change in their community. The results 
showed that 64% of physicians reported that climate change 
affected their patient’s health. However, only 33% of physicians 
reported feeling very well or well informed on the health impacts 
of climate change. Moreover, 17% of physicians felt extremely or 
somewhat comfortable counseling patients on climate change 

and health.39 Family physicians felt that continued medical 
education courses regarding the health effects of climate change 
would benefit their patient care.40 

There are many ways that family physicians can evaluate patients 
affected by climate change and even prevent potential adverse 
outcomes. Thorough histories, especially regarding mental health 
in relation to climate change, can aid in early intervention and 
counseling. If mental health issues are identified, it is important to 
offer early and prompt treatment or refer these patients for 
additional care if needed, such as counseling.41 Table 1 outlines 
the various interventions and educational opportunities that can 
be implemented by family physicians. 

TABLE 1:7,9,11,12,14-21,23-33,41-42

The Physician’s Response to Climate Change Health Outcomes  

CLIMATE CHANGE 
CONCERN 

CLINICAL  
IMPACTS

PHYSICIAN’S ROLE

Heat Heat stroke, 
AKD, CKD, 
altered sleep 
quality, pre-
term births

Advise patients of the 
signs and symptoms  
of heat stroke and  
emphasize the  
importance of  
adequate hydration

Inquire about  
previous geographic 
locations in  
agricultural workers

Counsel outdoor  
workers in the  
importance of breaks 
and avoidance of  
outdoor activity at  
peak temperatures

During heat waves, 
advise patients to seek 
cooler places, such as 
those with air  
conditioning

Educate pregnant 
patients on potential 
pregnancy risks  
associated with  
extensive heat  
exposure

Nutrition Malnutrition,  
mineral 
deficiencies 
in zinc, iron, 
potassium, and 
phosphorus 

Educate the patient on 
potential nutritional  
effects of climate 
change

Encourage the  
consumption of foods 
rich in minerals

Cardiopulmonary Asthma  
and COPD  
exacerbations, 
increased risk 
of myocardial 
infarction

Encourage monitoring 
of local air quality and 
temperatures 

Promote indoor  
activities when  
conditions are  
suboptimal

N95 masks may be 
useful when air quality 
is poor such as during 
wildfires

Allergies Allergic 
responses, 
asthma  
exacerbations 

Encourage the patient 
to monitor pollen 
counts and maximize 
treatment options for 
symptom control

Following heavy pre-
cipitation and flooding, 
discussions regarding 
mold growth in homes 
may be warranted

Infectious  
diseases

Vector-borne 
and water-
borne diseases

Proper clothing and 
repellents should be 
advised for outdoor 
activities

Education on signs and 
symptoms may lead 
to early detection and 
treatment of diseases

Caution patients that 
local produce may 
become contaminated 
after heavy rainfall

Mental health Depression, 
anxiety,  
post-traumatic 
stress disorder

Especially following  
natural disasters, 
screening and proper 
referrals are essential

TABLE 1 CONT'D

CONCLUSION 
Climate change is a global issue that will continue to take a toll on 
human lives. The World Health Organization has predicted that 
between the years 2030 and 2050, up to 250,000 additional deaths 
per year will be attributable to climate change.39 These statistics 
bring awareness to the impact of climate change and its 
consequences. For example, companies who have employees 
working in high heat conditions should take into account that 
their workers are at a higher risk of getting heat stroke. Therefore, 
employers should have resources available on job sites to prevent 
symptoms of heat stroke.

It is important for physicians to become aware of the toll climate 
change is having on their patients. This especially pertains to 
family medicine physicians, who see a wide array of clinical 
presentations throughout their practice. With the majority of their 
clinical cases involving mental health, cardiopulmonary, allergies, 
and infectious disease topics, it would be advantageous for family 
medicine physicians to understand the impacts that climate 
change can have on patients. 

Climate change can affect many aspects of health. Increasing 
public and physician awareness is fundamental to offset these 
potential health issues. Continued research and analysis are 
needed to uncover more information regarding climate change, 
and more importantly, ways to improve and protect the 
comprehensive health of all.
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A 37-year-old man reported to the eye clinic with irritation 
and pain on eye movement in his left eye for 15 days. He had 
associated symptoms of foreign body sensation, grittiness, itching 
and mild headaches. The patient reported no specific events 
or activities associated with the onset of his ocular symptoms, 
and neither fever nor recent illness were noted. Medical history 
included hypertriglyceridemia, obstructive sleep apnea, obesity, 
hyperglycemia, hypothyroidism, hypertension and gout. He 
also had Berger’s disease—immunoglobin A nephropathy  
(IgA nephropathy)—resulting in stage 4 chronic kidney disease for 
which he was on dialysis and awaiting a kidney transplant. Five 
days earlier, he was seen by his optometrist who prescribed topical 
prednisolone acetate 1% every hour while awake for his left eye. 
During his current visit, he reported minimal improvement with the 
topical steroid therapy.  

His visual acuities at this visit were 20/20 in each eye and his 
intraocular pressures were 21 mm Hg OD and 22 mm Hg OS. Pupils 
were equal, round, reactive, with no afferent pupillary defect found. 
Motility was normal with no restrictions. There was no proptosis, 
and his eyelids were normal. Anterior segment examination, with 
a slit lamp, of the left eye revealed 2+ temporal bulbar conjunctival 
injection, trace conjunctival chemosis and no staining of the cornea 
or conjunctiva with fluorescein dye. His left eye had no cells or flare 
in the anterior chamber, and his right eye was unremarkable. The 
posterior segment of both eyes was healthy. 

FIGURE 1:

Primary gaze anterior segment 

photograph of the left eye 

showing injection of the 

temporal deep scleral vessels 

and bulbar conjunctival 

chemosis.

FIGURE 2:

Right gaze anterior segment 

photograph of the left eye 

showing injection of the 

temporal deep scleral vessels 

and bulbar conjunctival 

chemosis.

Skorin, Asfeld, Godtland                                                                                     Persistent red eye

1Mayo Clinic Health System, Albert Lea, MN
2Pacific University College of Optometry, Forest Grove, OR

QUESTIONS

1. What is the most likely ocular diagnosis?

a. Foreign body

b. Corneal abrasion

c. Scleritis

d. Orbital cellulitis

2. What is the next best treatment plan for the most likely 
diagnosis?

a. Start oral nonsteroidal anti-inflammatory drugs (NSAIDs)

b. Start oral steroids

c. Start oral antibiotics 

d. Start steroid-sparing immunosuppressive therapy

ANSWERS:

1. What is the most likely ocular diagnosis?

Correct Answer: 
C) Scleritis

Scleritis is an ocular inflammatory condition of the sclera, often 
associated with an underlying systemic etiology. It can result 
in severe eye pain, pain on eye movement, pain of the areas 
surrounding the orbit, lacrimation, photophobia and potential 
vision loss.1 Common signs include edema, dilation of deep scleral 
vessels, corneal infiltrates, corneal thinning, stromal keratitis and 
trabeculitis.1 Corneal or conjunctival foreign body and corneal 
abrasion are the two most common forms of ocular trauma.2 
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Typically these result from lack of eye protection during high-risk 
activities.2 They can present as blurred vision, redness, tearing, 
photophobia, extreme discomfort with or without the eyes closed 
and a feeling of something in the eye. Foreign body and corneal 
abrasion were ruled out due to the lack of any associated high-risk 
activity and no corneal or conjunctival staining with fluorescein 
dye installation. Orbital cellulitis is an infection of the soft tissue 
surrounding the eye that can cause conjunctival injection and 
severe ocular pain, especially on eye movement. However, other 
signs, such as fever, proptosis, restricted ocular movements, 
increased intraocular pressure and swelling or erythema of the 
eyelids, are often present as well.3 

2. What is the next best treatment plan for the most likely 
diagnosis?

Correct Answer: 
B) Start oral steroids

Management of anterior scleritis is largely based on the clinical 
presentation, severity, associated systemic conditions, and risk 
factors of treatment. However, the available treatment options 
can have severe side effects. Although topical administration of 
corticosteroids has limited success, it can be considered as a first 
line treatment of mild scleritis to reduce potential risks of systemic 
medications.4 Oral NSAIDs are also considered first tier treatment 
for non-infectious scleritis and can be used if topicals fail.4 For some 
patients, additional treatment beyond NSAIDs is needed. Second 
line treatment of scleritis can include oral corticosteroids and even 
subconjunctival corticosteroid injections if orals are unsuccessful.4 
When anterior non-infectious scleritis becomes severe, or oral 
steroid treatment has failed, immunosuppressive agents such 
as methotrexate may be used.4 Research has shown biologics 
to be beneficial in scleritis as a last line treatment when all other 
treatments have failed. 4

For this patient, oral NSAIDs would be contraindicated due to the 
association of increased mortality in patients taking oral NSAIDs 
while on dialysis.5 In general, NSAIDs should be avoided in patients 
with kidney disease.6 Due to lack of resolution with topical steroids, 
and the contraindication of NSAIDs, the next treatment option for 
our patient would be oral corticosteroids. Oral antibiotics would not 
be indicated since the patient was afebrile and there was no sign of 
an infectious cause. Due to this patient’s mild presentation, steroid-
sparing immunosuppressive therapy would not be necessary at 
this stage.   

DISCUSSION

The incidence and prevalence of scleritis is found to be 3.4 and 
5.2 per 100,000 person-years respectively.7 Scleritis can be caused 
by systemic autoimmune conditions, infection, ocular surgery, 
trauma, chemical injury, and infiltrating ocular neoplasms.8 
Although this condition may be idiopathic, up to 50% of the 
time it is associated with an underlying systemic disease.1,9 

Associated systemic diseases can include rheumatoid arthritis,  
granulomatosis with polyangiitis, polyarteritis nodosa, 
spondyloarthropathies, IgA nephropathy and sarcoidosis.1,8,9 
Typically the systemic diagnosis is present prior to the onset of the 
associated ocular findings.9 In the absence of a known systemic 

condition, lab work is indicated. However, systemic therapy is 
often needed whether a systemic association is present or not.9 

In this case, the associated systemic disease was found to be IgA 
nephropathy, also known as Berger’s disease. It is an accumulation 
of immunoglobulin A inside the glomeruli of the kidney. Patients 
can be asymptomatic, present with hematuria or proteinuria, or 
have reduced kidney function due to inflammation and fibrosis.10 

Our patient was diagnosed with IgA nephropathy after suffering 
a hypertensive emergency and acute kidney injury 1 year prior. 
Diagnosis of IgA nephropathy typically includes renal biopsy, 
which was the case in our patient. The patient then suffered acute 
renal failure, was put on dialysis 3 times per week and was placed 
on the kidney transplant list. 

In a study of 116 patients with primary glomerular diseases, 6 out 
of 39 patients with IgA nephropathy presented with episcleritis or 
deep scleritis.11 Scleritis was not found in any of the other six types 
of primary glomerular disease discussed in the study.11 From this 
study it was thought that the deposits within the glomeruli and the 
accompanying scleritis could be the result of the IgA-associated 
immune complexes.11 

The patient’s medical history also included gout, which is a 
systemic condition occasionally associated with scleritis.12 

However, the patient was taking a maintenance dose of 200 mg 
allopurinol daily and was completely asymptomatic of any recent 
gout attacks. For this reason, gout was clinically ruled out as the 
underlying cause of the patient’s scleritis. 

PATIENT OUTCOME

Treatment was coordinated with the patient’s primary care 
physician, and he was started on 60 mg daily of oral prednisone 
for 14 days. The patient returned to the eye clinic two weeks later 
with complete resolution of pain and only mild redness. Visual 
acuities were 20/20 in both eyes and the anterior segment findings 
were normal with only 1+ injection in the left eye remaining. His 
intraocular pressures were 19 mm Hg OD and 20 mm Hg OS. The 
14-day oral prednisone treatment was completed, tapered to 50 
mg daily for one week, and the patient was scheduled for follow 
up with his primary care physician.
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The Osteopathic Family Physician Patient Handout is a public service of ACOFP.  
The information and recommendations appearing on this page are appropriate in 
many instances; however, they are not a substitute for medical diagnosis by a physician.  
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Low-Back Pain in Adolescents

Low-back pain is a common reason for some children and adolescents to see their doctor. The risk for low-back pain increases 
with increasing age, puberty and growth. At least 7% of 12-year-olds have had at least 1 episode of low-back pain. By age 20, the 
lifetime prevalence of low-back pain has been reported as high as 80%. Having low-back pain as a teenager is predictive of 
having low-back pain as an adult.

Most back pain in adolescents is benign and usually caused by musculoskeletal conditions, such as strains or sprains. Some 
adolescents have had an injury or have serious underlying medical conditions that cause their low-back pain. Eighty percent  
of adolescent low-back pain does not have a specific cause and may be due to many different things.

Risk factors for having low-back pain include a family history of low-back pain, a previous back injury, time spent sitting,  
sports participation and female gender. Teenagers who do not participate in any physical activity are more likely to  
have low-back pain compared to teenagers who are more active. However, those who are very active in sports, especially  
very competitive sports, are more likely than sedentary individuals to have low-back pain. A lot of parents worry that a  
heavy backpack will cause low-back pain, but several studies have concluded that this is not true.

Your doctor should perform a comprehensive history and physical on your teenager during their visit. They should also look for 
warning signs that the low-back pain may be due to something more serious. Pain that wakens your child from sleep, pain that 
is sudden, pain that lasts longer than four weeks, fever, weight loss, tenderness over the spine, or any abnormal neurological 
findings like numbness or tingling need medical attention right away.

There are many ways to help your child or teenager if they are having low-back pain. It is important to let your child rest and 
avoid activities that make their low-back pain worse. Applying ice in the first 24 hours can help them feel better, after which a 
heating pad will help. Using over-the-counter medicines, like ibuprofen, can help with their pain and muscle inflammation.
Their doctor may also refer them to physical therapy if the back pain is due to muscle weakness. Physical therapy focuses on 
increasing muscle strength and flexibility. Osteopathic manipulative treatment has also been shown to improve muscle function 
and movement in this population.

Puneet Tung, DO, FAAP
Paula Gregory, DO, MBA, FACOFP, Editor • Lindsay Tjiattas-Saleski, DO, MBA, FACOEP, Health Literacy Editor
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