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ABSTRACT
Drug Pricing in the United States:

A Comparison with Canada and Mexico

by
Crystal Dome

The purpose of this study was to assess prescription drug pricing in the United States
compared with that in Canada and Mexico. The study was designed to focus on ACE

inhibitors in order to gather a limited, yet meaningful outcome. Prices of eight ACE
inhibitors and their generic equivalents were gathered for the United States, Canada, and

Mexico via Walgreens and international online pharmacies, respectively. The differences
in price per pill for Canada and Mexico when paired against the United States were

analyzed using t statistics. The results indicate there is a significant price difference for
brand name and generic ACE inhibitors in Canada and the United States. However, no
significant cost difference was determined for brand name or generic ACE inhibitors in

Mexico and the United States. Prices for brand name and generic ACE inhibitors in
Canada were found to be lower than those in Mexico.
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INTRODUCTION

Purpose
The purpose of this study is to determine whether the cost of ACE inhibitors in
the United States is significantly higher than the cost in Canada and/or Mexico. I have
decided to study brand name ACE inhibitors, as well as generic versions of these drugs.

The generic versions are equivalent to the brand name versions; this holds true for the
active ingredients, the side effects, and the benefits (Resource 4 Ace Inhibitors, 2006).

Studying the generic version enables me to see if drug companies market a specific drug
(without the extra cost of brand name) in the United States for prices comparable with
Canada and/or Mexico.

I hypothesize that brand name ACE inhibitors are marketed at a higher expense in
the United States than in Canada and Mexico, based on the significant protection the

United States gives to prescription drug manufacturers. The common belief in the United

States is that prescription drugs, like other consumer products, are cheaper elsewhere.
Additionally, brand name ACE inhibitors are less expensive in Mexico than Canada.

Secondly, I hypothesize that generic ACE inhibitor prices are equivalent in the United

States and abroad, specifically in Canada and Mexico, because generic manufacturers do
not incur the costs associated with research and development, thus negating the need for

higher prices.

Literary Review
The continuously rising health care costs amount to serious problems for health

care consumers.

The costs are prompting companies to limit hospital coverage for

employee insurance plans.

Greater health care costs are also resulting in higher
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deductibles and fewer health benefits (Health Action Newsletter, 2008). About one of

five American consumers feels he or she cannot afford necessary health care (Net News
Publisher, 2007). As health care costs continue to rise, consumers come across more

problems.
Prescription Drugs

Prescription drugs are an integral consideration in health care costs. Comparison
of the national prescription drug spending increase between 2004 and 2005 of 6% to the

12% increase between 1990 and 2000 produces startling results (Woo, et al., 2007). The
recent one-year period has yielded half the increased expenditures as an entire decade
before. In fact, national prescription drug expenditures are a growing consideration in

health care costs.

As of 2006, national health care costs were divided 10% on

prescription drugs, 21% on physician care, and 31% on hospital services. Although, as in

previous years, prescription drug expenditures in 2006 were a comparatively small part of
national health care costs, their relatively large growth may lead to a change in spending

patterns. Prescription drug spending increased by nine percent in 2006, whereas hospital
spending only increased seven percent and physician care increased a mere six percent
(Lundy, 2008). Continued growth in prescription drug spending can be attributed to their

diversity and the developing consumer reliance.
Prescription medications are widely used in preventing, curing, and managing

diseases, and as cheaper alternatives to hospitalization and surgery (Woo, et al., 2007).
The range of uses for prescription drugs helps to explain the vast effects of the spending
increase throughout all areas of health care. Consumers’ reliance on prescription drugs

also partially explains the vast effects. A Medical Expenditure Panel Survey by the
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Agency for Healthcare Research and Quality found 91% of the elderly and 61% of nonelderly adults use prescription drugs daily (Woo, et al., 2007). The majority of United

States citizens rely on prescription medication, further increasing the spending growth
effects.
There are several reasons for expenditure increases on pharmaceuticals.

Increased usage and demand for prescription medications has resulted in large expense
growth.

A 68% increase in purchased prescriptions between 1994 and 2004

corresponded to a much lower (12%) population increase. As explained by Larry Levitt,

a recent Kaiser Family Foundation study found that each American fills approximately

eleven prescriptions per year (Fox, 2001).

In addition to the increase in usage and

demand, drug retail prices have increased much faster in the last decade than U.S.
inflation, an average annual increase in retail prices of 8.3%, as compared to an average

annual inflation rate of 2.5%. According to Levitt, the twenty best selling drugs on the
market in 2000 were brand name, resulting in an average prescription price of $45. This
is double the average prescription price in 1990 and triple the average cost of generic

drugs (Fox, 2001).

Finally, the effects of marketing to physicians and consumers

combined with the considerable weighting towards newer, more expensive drugs has

resulted in escalated spending in general (Woo, et al., 2007). According to Levitt, the

amount spent on drug advertising has more than tripled since 1996. In addition, spending

on advertisements directed at consumers has increased nine-fold since 1994. According
to a recent survey, marketing efforts have been successful; one in three adults has

discussed a prescription he or she saw in an ad with his or her doctor, and one in eight of
these adults has received a prescription (Fox, 2001). All of these factors explain the
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growth of prescription drug spending in the United States. Prescription drug spending is

impacted by a variety of factors, most significantly, drug patent laws.
The United States government provides drug companies with protection of, as

well as incentive for, innovation. Roger Pilon, Vice President for Legal Affairs at the
Cato Institute, discusses the expenses of innovation in the pharmaceutical field:
Today, to win FDA approval for a new drug, a company must invest on
average between 12 and 15 years and $800 million in research and

development (R&D) before the drug reaches the market. In few industries
is the ratio of R&D costs to those of manufacturing and marketing greater.

The first pill is enormously expensive; the second costs almost nothing to
produce. (2005)

The costs of making a new drug are enormous, but production subsequent to the initial

pill is negligible.

However, the Kaiser Family Foundation reported these enormous

expenditures amount to only 14% of drug companies revenues; the same amount these
companies spend on marketing (Fox, 2001). Nonetheless, companies must recover these

initial expenses, as well as gain additional funding for further development if they expect
to remain in business (Pilon, 2005).

Each time a new chemical compound or a new drug product is produced, the

developer is provided with up to 20 years of exclusive marketing rights from the date a
patent application is filed with the U.S. Patent and Trademark Office. These rights have

dual effects; they allow drug companies to recover their investments and costs from

producing the drug, as well as prevent other drug companies from making generic
versions. Together, these effects result in relatively high drug costs during the patent
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period. Once this period ends, rival drug companies may produce and market generic

drugs at more affordable prices (Pilon, 2005). In order to manufacture a generic drug, a
company must prove to FDA standards that its generic is equivalent to the brand name in

bioavailability, effectiveness, and quality (Anisfeld, 2004). With the marketing of each
additional generic comes a price decrease. A product with numerous generic equivalents

is, on average, 80% lower than the brand name (Lundy, 2008). However, during the
period patent laws are in effect, no companies can make generics and the producer of the
drug determines the price.

Although these laws seem to produce a noncompetitive

market resulting in high drug prices, many would argue without them, drug companies

would lack the incentive to spend money and invest in making new and improved drugs.

Congress has enacted additional patent laws with regard to specific issues involving
prescription drugs.

One issue Congress has tried to resolve is the short period of effective patent life.

Although patents are granted for 20 years, most drug companies file for a patent early in
the drug production process, often many years before a drug is FDA approved and

marketable. This results in a shortened period of exclusive drug rights and, therefore, a

much shorter time for companies to recover their losses from research and development.
To resolve the issues of shortened effective patent life, Congress enacted the Drug Price
Competition and Patent Term Restoration Act of 1984 (P.L. 98-417), or the HatchWaxman Act. This law grants drug patent holders up to an additional five years of

patent, as long as the total time between FDA approval and patent expiration does not
exceed 14 years. The law includes several other provisions dealing with rights of original

patent holders and rules for generic drug manufacturers subsequent to patent expiration
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(Gluck, 2002). While these patent laws provide drug companies with exclusive rights
and the right to recoup expenses in the United States, they do not apply to drug sales in
foreign countries.
In foreign industrialized countries, brand name prescription drugs cost 35 to 55

percent less than in the United States (Frank, 2004, p. 1375-1377). This considerable

difference can be explained, in part, by governmental involvement in drug prices abroad.
The government directly regulates prescription drug prices in Canada and most European
countries (Frank, 2004, p. 1375-1377).

Roger Pilon discusses two reasons for the

immense prescription drug cost difference in the United States and foreign countries:

First, when drug companies look at the world they see essentially one free

market—America.

Here they can set prices at levels that aim at

maximizing profits. In the rest of the world, companies tell us, socialized
medical systems set prices: “monopsony” buyers make take-it-or-leave-it

offers. Because a company's marginal cost for the second pill is so low, as
noted earlier, it can accept those offers and still come out ahead. But it

can do so only because it has America—half the world market—to fall
back on. In effect, the rest of the world rides free—or at least at well

below cost—while American citizens pick up the tab for drug R&D.
(2005)

The socialized medical systems used in Canada, the majority of Europe, and Mexico limit
the ability of drug companies to recover their expenses from drug development by

removing price bargaining from the system (MedToGo, 2007). If drug companies want
to sell abroad, they must accept the price offers of the country. However, the patent laws
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in the United States provide drug companies with a free market and a high demand,

allowing them to gain adequate funds for recoup of expenses and future funding.
Fortune magazine rankings, as measured on equity, sales, and assets, found the

pharmaceutical industry to be the most profitable industry in 1999. Alan Sager, head of
the Access and Affordability Project at Boston University's School of Public Health
declares, "Pharmaceutical companies use the U.S. as their safety valve. If other countries

negotiate or regulate to win lower prices, drug-makers raise their prices on the hapless
American consumer. Our pockets are being picked" (Cauchon, 1999). In addition to the
protection provided to foreign countries by socialized medical systems, several United

States laws as well as international agreements between nations, help keep foreign drug
prices low.
One of the major protector laws is the Dorgan-Snowe bill (S. 2328). Under this

bill is an “anti-gaming” provision that prevents unconstitutional acts by drug companies
and the importation of foreign price controls.

Specifically, the bill inhibits drug

companies from increasing prices or limiting supplies to foreign countries (Pilon, 2005).

Another protector for foreign countries is the compulsory licensing provision of the
World Trade Organization (WTO) Trade-Related Aspects of Intellectual Property Rights
(TRIPs) Agreement. This provision can be used by foreign countries if drug companies
attempt to increase prices. Under this provision, the foreign country can license a local
drug company to use reverse engineering to produce the drug under debate and sell it as a
generic. This, in effect, amounts to stealing the drug company’s patent.

In order to address this problem, the 2001 Doha Declaration and the August 2003

follow-up agreement explain proper usage of the compulsory licensing provision; the
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provision is only to be used by undeveloped countries under specific conditions, and most
participating countries have agreed that developed countries should not use it during price
bargaining. Nonetheless, this agreement is especially dangerous for U.S. companies as it
degrades the integrity of the international patent system, which is essential to the United

States’ pharmaceutical trade and economy (Pilon, 2005).

The U.S. government has

recognized and protected the pharmaceutical industry from similar threats within the

country.
In October of 2005, the Prescription Drug Compulsory Manufacture License Act
of 2005 was adopted into the District of Colombia’s (DC) Official Code. This control

allowed DC citizens to sue a drug company if the wholesale price of a patented drug in
the District was more than 30 percent greater than that of another high-income country

(Canada, Germany, Australia, or the United Kingdom).

However, in 2007, the US

Federal Appeals Court concluded that the District’s attempt to control prescription drug

prices violated the federal patent laws (Leonnig, 2007).

Ken Johnson, Senior Vice

President of Pharmaceutical Research and Manufacturers Association, discussed the

benefits of this ruling:
The decision by the U.S. Court of Appeals for the Federal Circuit is a
victory for patients. By ruling that federal patent law preempts the District

of Columbia's price control law for patented prescription medicines, the
court has preserved crucial incentives for continued discovery and creation

of new medicines. (Leonnig, 2007)
Continued innovation of the pharmaceutical industry is essential to health care in the

United States, as well as foreign countries. As discussed above, many laws are in place
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to protect drug manufacturers’ rights, as well as to provide incentives for innovation.
However, the debate over drug prices continues to rage. Many United States citizens

cannot afford their prescriptions, leading them to wonder if drug companies are using

these laws to gain excessive compensation.
The availability of, ease of access to, and discounted prices of prescription drugs

offered in Mexico and Canada have attracted many United States citizens. In addition,
numerous online pharmacies offer Mexican and Canadian drug prices with the added

benefit of not having to leave one’s home. Each country offers specific benefits, which
will be discussed in the following paragraphs. However, it is important to make one side
note: generic prices in the United States are equivalent to or, in many cases, cheaper than

those abroad; therefore, the remainder of this discussion will pertain to brand name

prescriptions (Anisfeld, 2004).
Mexican online pharmacies offer largely discounted prescriptions. Since drug

prices in a country are determined in relation to the income of that country’s citizens,
Mexico markets prescription drugs more cheaply than the United States; in some cases,

drugs are offered at 80% off. Additionally, Mexican pharmacies offer several popular
US prescription drugs over the counter eradicating the hassle of getting a prescription

(Premier Mexican Pharmacies, 2002b). However, studies claim that nearly 20% of all
Mexican drugs are counterfeit or substandard (Doheny, 2004).

Compared to purchasing online from a Mexican pharmacy, Canadian pharmacies
have a much lower counterfeit incidence rate (Anisfeld, 2004). In addition, Canadian

pharmacies offer their discounted drugs while providing professional and dependable
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service under strict and effective governmental control (Premier Mexican Pharmacies,
2002a). According to USA Today.

The days of dropping off a prescription at your local pharmacy and
waiting around until it is filled are numbered. Whether it's tapping into a

national chain's Web site or an online Canadian pharmacy, there are

several ways to speed the process and save money too... fast-growing,
online option — Canadian pharmacies.

Prescription drug prices are

government-regulated in Canada, and are much cheaper than in the United

States. These pharmacies are happy to fill American prescriptions, and
many Americans take advantage of the service. (Appleby, 2003)
Canadian, as well as Mexican pharmacies, market their discounted drugs to Americans,

touting the speed and ease of online purchasing. However, many Americans are unaware
of the dangers associated with online buying.

Buying drugs online always comes with the inherent risk of receiving a

counterfeit product. In addition to this danger, there is no guarantee that the instructions
provided with the drug will be in English, one cannot know where the drugs were made
or how they were handled, and one has no legal rights if the drug is counterfeit or even if

it causes harm. The United States, as well as Mexico and Canada, have many laws

pertaining to the import of drugs. Breaking any of these laws, unknowingly or not, leads
to consequences. The drawbacks of purchasing drugs online outweigh the benefits, as
United States law declares it is illegal to acquire controlled substances from a foreign

source via the internet or mail order unless one is an approved, registered importer with
the Drug Enforcement Administration (DEA) (Hedding, 2008). While buying online
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prescription drugs is illegal, many Americans argue that being able to afford the

prescriptions that improve their quality of life is worth the consequences.

ACE Inhibitors
The deep connection between prescription drug costs and the escalating costs of
health care have prompted me to investigate the difference of US drug costs with those

abroad, specifically Canada and Mexico for reasons explained earlier. I have limited my
research to ACE inhibitors, to develop a fair comparison using only one type of drug.
Before beginning, I will briefly discuss ACE inhibitors and why they were chosen for this
study.

ACE inhibitors are antihypertensive medicines, meaning they work to reduce high
blood pressure (FamilyDoctor.org, 2006). High blood pressure (hypertension) reduces
heart function, which can result in heart attack or stroke, and can cause kidney disease or

diabetes. High blood pressure is increased pressure within blood vessels caused by the

narrowing of these blood vessels. Angiotensin II is a chemical that narrows blood vessels
by causing the contraction of the surrounding muscles. It is formed from angiotensin I
found in the blood with the help of angiotensin-converting enzyme (ACE). Angiotensin
converting enzyme (ACE) inhibitors target this enzyme and work to hinder its activity,

reducing the production of angiotensin II. Reducing the production of angiotensin II
broadens blood vessels and reduces blood pressure (Ogbru, 2009). The effectiveness of

ACE inhibitors in reducing high blood pressure has resulted in their successful use in
treating heart attacks, strokes, kidney disease, and diabetes.

In addition, studies found ACE inhibitors increased the survival rate of patients

with hypertension, heart failure, or previous heart attacks as compared with individuals
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who did not take ACE inhibitors (Ogbru, 2009). The resulting increased survival of

patients who take ACE inhibitors has made them an integral group of drugs. Another
important feature of ACE inhibitors is that they may be used in combination with other
drugs to increase their effectiveness in treating hypertension (Ogbru, 2009). As with all
drugs, ACE inhibitors have several side effects, including dizziness and headaches, and
are not acceptable for all patients, especially not pregnant women as they may cause birth

defects. Generally, ACE inhibitors are successful for most patients (Ogbru, 2009). Their

effectiveness for a wide range of people in treating high blood pressure combined with
the prevalence of high blood pressure and its related diseases across the United States
makes ACE inhibitors a perfect candidate for this study.

METHODS
Data Collection & Organization

In order to perform the price comparison analysis, I needed to gather drug prices.

I found a listing of marketed ACE inhibitors online at RxList, a prescription drug
information site sponsored by WebMD (RxList.com, 2009). Eleven drugs and their
equivalent generics are available (Lotensin HCT is also listed; however, this is a

combination therapy that I will not be considering due to the other drugs involved.) Also
using this website, I found the recommended initial dosage for patients not on diuretic

therapy being treated for hypertension. Since there is no standard dosage prescribed for
each drug, I reasoned that initial doses would be the best choice for a representative

prescribed dosage and would be easy to find online. The ACE inhibitors, their generic
equivalents, and their recommended initial strengths are shown in Table 2.1.
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Table 2.1: ACE Inhibitors and Initial Dosages.

ACE Inhibitor 1 generic
Accupril / quinapril
Aceon 1 perindopril

Strength (mg)
10 or 20
4

Altace / ramipril

2.5

Capoten / captopril
Lotensin / benazepril
Mavik / trandolapril
Monopril / fosinopril
Prinivil / lisinopril

25
10
1 or 2

Univasc 1 moexipril

7.5
2.5
10

Vasotec 1 enalapril
Zestril / lisinopril

10
10

Canada & Mexico

Online research provided several pharmacies based in each country, which this
study used for data (see Table 2.2).
Table 2.2: Online Pharmacies by Country

Canadian Pharmacies
http://www.77canadapharmacy.com/

Mexican Pharmacies
http://www.mexmeds4you.com/

http ://www. canadi an-pharamacy-drugstore. com/
http://candrugstore.com/
http://fastcanadianpharmacy.com/

http://www.medsmex.com
http://www.xlpharmacy.com/

I began a comprehensive search for the available strengths and corresponding prices of
each drug on these websites. Ultimately, I determined there was not enough information
available on several of the drugs and/or their generic equivalents to perform my study.

Additionally, I could not find prices for some of the drugs in their recommended initial

doses. In such cases, I chose the next highest dose for which prices were available.

Table 2.3 shows the final list of ACE inhibitors, their generic equivalents, and the

corresponding doses used in my study.
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Table 2.3: ACE Inhibitors and Doses used for Comparison

ACE Inhibitor / generic Strength (mg)
Accupril / quinapril
10/10

Altace / ramipril

25/25

Capoten / captopril
Lotensin / benazepril

5/10
5/10

Monopril / fosinopril
Prinivil / lisinopril

2.5/5
10/10

Vasotec I enalapril

10/10

Zestril / lisinopril

10/10

Since I could not find the same pill quantity for each drug, I decided calculating a price
per pill would provide an easy solution and allow for an accurate comparison. I made a

price per pill comparison based on all of the websites for each drug to find the cheapest
available in each country. Data collected for these calculations can be referenced in the

Appendix.

In choosing the cheapest price, I assumed that Americans, looking to

purchase drugs online from Canada or Mexico, were trying to save money. Thus, most of
these frugal consumers would compare prices at several sites to ensure they were getting

the best price. See Table 2.3 with each drug and its price in Canada, Mexico, and the
United States.
United States
To acquire drug prices for the United States, I wanted to choose a trusted, nation

wide prescription drug provider such as Walgreens or CVS. Additionally, I wanted the
drug prices to be representative of the manufacturer’s costs.

I called Walgreens in

Missoula, MT to obtain prices. Table 2.4 shows each ACE inhibitor (brand name and

generic separately) and its price per pill for each country.
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Table 2.4: ACE Inhibitors and Price per Pill by Country

ACE Inhibitor (Brand name)

Accupril

Canada ($)
0.83

Altace

0.83

Capoten
Lotensin
Monopril
Prinivil

0.58

Vasotec
Zestril

quinapril
ramipril

captopril

benazepril
fosinopril
lisinopril
enalapril
lisinopril

Mexico (S) United States ($)
1.74
2.12
1.19
2.57

1.06
0.78
0.69

0.60
0.67

2.01
0.83
2.07
0.53
2.70

1.20

1.00

1.83

0.85

0.93
1.43

1.57

ACE Inhibitor (Generic)
Canada Mexico (S) United States ($)
0.74
1.37
1.22
0.60
0.50
1.80
0.22
0.37
0.45
0.42
1.13
0.40
—
0.50
1.40

0.36
0.28

0.32
0.42

0.50
0.50

0.36

0.32

0.50

NOTE: A price for fosinopril (generic form of Monopril) could not be found in the correct strength
for Mexico. Additionally, lisinopril is the generic form of both Prinivil and Zestril. Its prices are
highlighted to emphasize that it is a duplicate; it is only counted once in the calculations.

This table (Table 2.4) shows two important points. First, the generic forms of Prinivil
and Zestril are the same (lisinopril). Therefore, in the generic drug price comparisons

against the United States there are actually only 7 pieces of data (6 degrees of freedom).

Secondly, I could not find a price for fosinopril in the correct dosage at an online
Mexican pharmacy. This prevented a comparison between Mexico and the United States
for fosinopril, the generic form of Monopril; this further decreases the data points for the

generic drugs in Mexico versus generic drugs in United States to 6 (5 degrees of
freedom).
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Normality
To test if my method resulted in normal data, I prepared a quartile-quartile (Q-Q)

plot through the process described by Kelly Cline in the

341 Lab 2: Testing For

Normality (2007, p. 3) instructions. The plot is shown in Figure 2.1.

I made a separate Q-Q plot for each set of data, as can be seen on the legend (US: United
States, CD: Canada, MX: Mexico, BN: brand name, GN: generic name). Most of the QQ plots demonstrate normality as verified by the linear fits described by the proximity of

their RI2 values to one (the line style is used to differentiate the R2 values). However, the
plots for Mexico generics and United States generics have relatively low R values; this

could mean the data are not normal. Regardless, I will attribute this to the small size of
the data set and assume the Q-Q plots indicate normality as it is required to perform my t-

test analysis.
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Statistical Analysis

After assuming my data samples were normal, I was able to begin my statistical
analysis. I was worried about my decision to use the initial dose recommendation for
each drug, because this results in a specific strength for each drug. However, I decided
that the percent difference in a drug’s price between countries, if there is one, should

occur and be approximately the same no matter what the pill strength. Since I planned to

perform a difference t-test, and thus was analyzing price differences, I decided my
analysis would be valid.
To perform the difference t-test, I needed to take the differences of price pairs.

Since I wanted to compare United States prices to prices abroad, I decided to subtract
each abroad drug price from the corresponding drug price in the United States. I divided
my data into four tests: brand name drugs in Canada vs. brand name drugs in the United

States, brand name drugs in Mexico vs. brand name drugs in the United States, generic
drugs in Canada vs. generic drugs in the United States, and generic drugs in Mexico vs.

generic drugs in the United States.

Descriptive Statistics
The next logical step to performing the difference /-test seemed to be to determine

some descriptive statistics on my samples. Using the Excel commands “AVERAGE”
and “STDEV,” the sample mean and standard deviation were calculated. The results of

these calculations are described in Table 2.5.
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Table 2.5: Descriptive Statistics for Paired Price Differences Based on Price per Pill

Pair
Canada vs. United States (brand name)

Average (d)
0.98

Standard Deviation (sd )
0.808

Mexico vs. United States (brand name)
Canada vs. United States (generic)

0.69
0.45
0.13

0.830
0.444

Mexico vs. United States (generic)

0.662

RESULTS
Hypothesis Test
In each paired case, I chose a null hypothesis that stated the difference between

the drug prices abroad and in the United States is zero (Ho:/j.d=Q, Ha:nd *0).
Additionally, I decided a 95% confidence interval, or a=0.05, was sufficient for my

study. Using the equations in the Elements and Statistics //textbook, I calculated the test
statistics (/) from the null hypothesis and sample data (Bernstein, 1999, p. 256-260). The
equation for this calculation is shown below:

=o)

f

sd

, where s-a

These calculations are shown in Table 3.1.
Table 3.1: Test Statistics

Pair

Test Statistic (/)

Critical t-value
(ta,tails,degrees freedom)

Canada vs. United States

,= °-98-<°U 3.429

(brand name)
Mexico vs. United States

0.808/V8
0.69 -(0)
t=
22=2.357
0.830/V8
045-/°U 2.680

(brand name)
Canada vs. United States
(generic)
Mexico vs. United States
(generic)

0.444/ V8
z=013-/°’= 0.468
0.662/V7
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to.o5,2,7=2.365

to.os,2,7=2.365
to.os,2,6=2.447
to.05,2,5=2.571

To interpret these results, one must compare the t statistic with the critical /-value. If

t>tcriticai, then I can reject my null hypothesis. Now, we must look at the four cases.
Brand Name Drugs: Canada vs. United States
Since 3.429 is greater than 2.365,1 can reject the null hypothesis that the average

price difference is zero dollars. Therefore, I can accept the alternative hypothesis that
there is a difference between brand name drug prices in Canada and the United States.

From this point, I can say that I reject my null hypothesis; however, to further explain this
quantity, I calculated the P-value for this t using the Excel command “TDIST.” A

probability of 0.010996 was obtained. This means that there is approximately an 1.1%
probability of getting an average sample difference of $0.98 or farther away if the true
population mean difference was zero dollars, showing once again, the unlikelihood that

brand name drugs cost the same in Canada and the United States. Therefore, I can reject
the null hypothesis that the true mean price difference is zero dollars.

Brand Name Drugs: Mexico vs. United States

Since 2.357 is not much greater or much smaller than 2.365, this test is
inconclusive.

I can neither reject my null hypothesis nor accept my alternative

hypothesis. If I were to say this small difference was meaningful, then I must say I was
not able to disprove my null hypothesis; it is possible that brand name drugs are
equivalently priced in Mexico and the United States. To help quantify these results, I

calculated a P-value as before and found a probability of 0.050577 or 5.1 percent. This is
approximately equal to the confidence level (a=0.05). Since this P-value is so close to a,
it is not possible to determine whether it is likely or unlikely to get a sample mean

difference of $0.69 if there is no difference in the true population mean difference.
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Simply stated, I cannot say that brand name ACE inhibitors are priced differently in

Mexico and the United States.
Generic Drugs: Canada vs. United States
In this case, the /-value (2.680) is significantly larger than the tcriticai value of

2.447. Therefore, I can probably reject my null hypothesis. However, to get a better idea
of how unlikely my null hypothesis was, I calculated a P-value. I found P=Q.036539 or

there is a 3.7% probability of getting data like this if generic ACE inhibitors cost the
same in Canada and the United States. Although, this is not highly unlikely, I concluded
that Canada and the United States do not have the same generic ACE inhibitor prices.

Generic Drugs: Mexico vs. United States

Finally, I compared the /-values for the last case. It was obvious that 0.468 is
smaller than the critical value of 2.571, and thus I could not reject my null hypothesis.
Simply for curiosity’s sake, I calculated the P-value, which is 0.659240. Hence, there is

a 65.9% probability of getting data like this if the average prices in Mexico and the

United States are the same for generic ACE inhibitors. Consequently, my test proved
inconclusive.

Discussion
The findings of this study were very interesting and rather unexpected. While
brand name price differences between Canada and the United States were expected, no

difference in generic prices was expected. Additionally, Mexico was expected to have a
larger brand name price difference than Canada and was actually found to have no
significant price difference. Generic prices in Mexico did fit the expectation of overall
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similarity to United States prices. While these results are specific to ACE inhibitors, they
do not agree with the majority of the research provided in the literary review.

Future Directions
One of the large and very important limitations of my study was the use of one

class of drugs to treat one kind of disease. While this resulted in good comparisons, it did
not allow the expansion of the results to a larger area of prescription drugs. To make a
more accurate comparison of drug prices abroad and in the United States, it would be

highly beneficial to include a wide range of prescription drugs for treatment of many
diseases. Since, the difference /-test only looks at price differences, there should not be
problems expanding the study through a much larger set of data.

An additional limitation of this study, due to the use of ACE inhibitors, was an

inability to analyze the effect of a patent on price differences. There are currently no
ACE inhibitors under patent. As discussed earlier, drug companies regain the majority of
their research and development costs during the patent period. Analyzing patented drugs

in the study would have most likely resulted in larger differences in drug prices between

the United States and abroad.
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Appendix: Excel Worksheet
Drug
brand name

Altace

5

5

2,5

10

10

10

30

30

30

30

30

30

90

90

100

90

100

100

30

30

32

42

30

28

60.29

80.99

15.99

76,99

63.49

61.99

54.99

76.24

57.78

62,07

69.86

82.72

74.93

106

120.00

57.00

28.00

19.95

18.00

38.00

73.00

47.00

28

US

0.83

2.01

2.70

0.53

2.57

2.12

2.07

1.83

Canada

0.85

0.58

0.69

0.78

0.83

0.83

1.06

1.20

Mexico

1.43

0.93

0.67

0.60

1.19

1.74

1.57

1.00

benazepril

captopril

enalapril

lisinopril

ramipril

quinapril

fosinopril

lisinopril

10

25

10

10

5

10

10

10

US

30

30

30

30

30

30

30,00

30

Canada

90

90

90

90

196

90

90

90

Capoten

strength (mg)

10

25

US

30

30

Canada

90

100

Mexico

40

30

US

24.99

Canada
Mexico

# of
pills

price
($)

price
per
pill
($)

Accupril

Prinivil

Lotensin

Vasotec

Monopri!

Zestril

generic

strength (mg)

# of
pills

price
($)

price
per
pill
($)

Mexico

300

30

30

28

90

126

US

11.99

13.59

14.99

14.99

53,99

36.59

41.99

14.99

Canada

37.37

19.50

25.00

32.15

117,00

66.61

44.64

32.15

172.00

28

Mexico

340.00

11.00

12.55

9.00

45.00

US

0.40

0,45

0.50

0.50

1.80

1.22

1.40

0.50

Canada

0.42

0.22

0.28

0.36

0.60

0,74

0.50

0.36

Mexico

1.13

0.37

0.42

0.32

0.50

1.37

__

0.32
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9.00

