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Abstract 

Background:  Well-functioning competitive markets are key to controlling generic drug prices. This is important since 
over 90% of all drugs sold in the US are generics. Recently, there have been examples of large price increases in the 
generic market.

Methods:  This paper examines price trajectories for generic drugs using a group-based trajectory modelling 
approach (GBTM). We fit the model using quarterly price information in the IBM MarketScan claims database for the 
past decade.

Results:  We identify three dominant price trajectories for this period: rapid increase trajectories, slow decline and 
rapid decline. Most generic drugs show a slow or a rapid decline in price trajectories. However, around 17% of all 
generic drugs show rapid price increase trajectories.

Conclusions:  As Congress is exploring an excise tax on drugs whose list price increases faster than the rate of infla-
tion, we discuss what drugs would be most likely to be affected by this law.
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Introduction
The assumption that market forces in the generic drugs 
industry will discipline firms so that consumers ben-
efit from low prices once a patent expires is increasingly 
being challenged in the public debate [2, 15]. With low 
marginal costs of production, and no firms with extraor-
dinary market power due to the homogeneity of prod-
ucts, the conventional wisdom is that generic drug prices 
should be low and either declining or constant. Yet, data 
show that for some generics, prices depart from what 
would be expected in a competitive market [5]. Excessive 

price increases are considered by policy makers as proof 
that in some cases, the market fails to provide access to 
certain drugs at competitive levels [4, 13, 27].

Recent studies have argued for moving beyond head-
lines of particular drugs to greater understanding of the 
characteristics of drugs likely to have significant price 
increases [8, 22]. By looking at price trajectories, and the 
characteristics of drugs that experience them, we attempt 
to highlight when market incentives in the generic drugs 
industry work as expected (i.e. when prices remain con-
stant or decrease) and when current market characteris-
tics fail to discipline prices.

Usually, policy makers focus on static indica-
tors of price changes (i.e., average changes in prices 
between two specific points in time). We argue that 
in many instances it could be relevant to explore how 
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the outcome of interest arrives from point A to point 
B; in other words, the trajectory. This is important in 
order to understand the market behavior of generic 
prices. Policy makers aiming to mitigate generic price 
increases must be equipped to understand how such 
price increases occur in the current pharmaceutical 
market. For example, the development of anti-price 
gouging legislation for generics, such as a 2017 law 
passed in Maryland, requires that policy makers estab-
lish criteria to define what price gouging is. Identifying 
key trajectories of generic drug pricing behavior may 
help inform such policies by clarifying the timelines 
and time frames that can help set policy targets.

Since the enactment of the Hatch-Waxman Act, 
generic drugs have become increasingly important for 
consumers’ access to low cost medication [26]. Today, 
millions of consumers rely on low-price generic drugs for 
treating a wide range of conditions and in fact nearly 90% 
of prescriptions dispensed are now generics [7, 16]. The 
entrance of a generic to compete with a patent protected 
drug is expected to cause a significant reduction in prices 
for patients [2, 10]. Furthermore, the level of the price 
reduction is positively correlated with the entry of addi-
tional generic producers in the market [24]. In short, a 
well-functioning market for generics is designed to main-
tain access to important drugs at competitive prices [2, 
15]. Understanding price dynamics in the generic drugs 
market is key to evaluating when the market approach is 
sufficient and when price regulation or some other type 
of intervention is needed to protect consumers.

We estimate trajectories of generic drug prices over the 
period 2010 to 2017 using a group-based trajectory mod-
eling approach. We fit the model using quarterly price 
data for each drug. Our main price outcome is transac-
tion price, which represents the total price the patient 
and health plan pays to the pharmacy for a prescription. 
We also estimated the models using monthly price infor-
mation. As the results were similar, we decided to present 
the estimates using quarterly price data.

Choosing the appropriate price to compare is impor-
tant because confidential discounts and rebates may 
cause prices to vary considerably from published prices 
such as average wholesale prices (AWP). In addition, out-
of-pocket expenditures, coinsurance rates, coupons and 
patient assistance programs and copayments complicate 
the interpretations of which final prices are relevant to 
consider. Lastly, when computing prices, the aggrega-
tion of different dosage forms (e.g., tablets, capsules) and 
strengths (e.g., mg per pill) for the same drug to estimate 
a single weighted price is another problem that empiri-
cal researchers face when analyzing price data of generic 
drugs.

Fortunately, the IBM MarketScan claims database used 
in this analysis allows us to minimize these problems. 
For example, we use a price variable that captures total 
amount paid per unit of drug during the quarterly period. 
In section III we provide a detail description of this data-
base and how the data is calculated.

Our methodology allows us to test the existence of 
three prototypical price trajectories: i) rapid increases 
in price trajectories, ii) slow increases in prices, and iii) 
decline in price trajectories. We also explore what drug 
and market characteristics make a drug more likely to 
experience a rapid increase in price in comparison to the 
other trajectories. We then investigate if specific firms 
are more likely to be associated with generic drugs with 
rapid price increases.

One primary concern with our approach is the focus 
on price growth independent of price levels. One may 
argue that a rational actor would try to get the price right 
in the initial period and then just grow with inflation. 
This would still indicate that public health is threatened 
by these price dynamics even though there may not be 
any growth to the prices. To partially tackle this issue, 
we divide all drugs in different groups according to ini-
tial price levels. However, we argue that our approach has 
policy relevance as most public concerns with generic 
prices are around price dynamics rather than initial price 
levels.

As most studies of prices, we analyze dynamics of own 
prices rather than relative prices. One may argue that 
the price advantage of generic drugs are often viewed in 
relation to branded drugs. A pattern where a drug grows 
quickly, but still at a very low level in relation to its brand 
is different than a drug that is not priced much differently 
from the brand (still high), but grows more slowly. Policy 
relevance guide our method as regulators are concern 
about dynamics of own prices rather than relative prices 
to a reference brand drug.

Group-based Trajectory model has been applied exten-
sively to study development over time of outcomes in 
psychology [20], criminology [18], and clinical interven-
tions [1, 9, 11, 21, 29]. Nagin et al. [19] provides a com-
prehensive review of this method. These types of growth 
models are used in situations where researchers are inter-
ested in studying dynamic paths over time rather than 
average changes. Section III describes this method in 
detail.

Our findings suggest that quarterly generic drug price 
increases observed between 2010 and 2017 can be clus-
tered within three common paths: rapid growth, slow 
growth and rapid decline in price trajectories. We found 
that around 17% of generic drugs show a rapid trajec-
tory of price increases. Trajectories of price increases are 
observed to differ according to level of prices at baseline. 
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High market concentration and low number of competi-
tors are associated with rapid increases in prices. The 
existence of mergers and high total sale volume of the 
drugs are not associated with rapid increases in prices. 
While our findings are consistent with other works that 
show a general decrease in the price of generic drugs [8, 
17, 25], it is true that consistent with other works [5], 
we were able to identify a group of generic drugs that 
showed rapid trajectories of price increases.

Methods
The economic framework
As mentioned before, one would expect for the prices of 
generic drugs to act competitively, however, this idea has 
been challenged recently as the price and market concen-
tration of some generic drugs have increased during the 
past years [5].

The literature has shown that due to strategic mergers 
and acquisitions, some pharmaceutical companies had 
been able to set prices above marginal cost [10, 15]. Simi-
larly, there is evidence suggesting that in markets with 
few players, a generic firm may collude with other firms 
to prevent competition [23].

Branded drug companies can also engage in litiga-
tion and “pay for delay” strategies which deter or delay 
a generic firm from entering the market. These actions 
effectively reduce consumer surplus by preventing com-
petition in the market [2]. In the case of orphan drugs, 
generic competitors might not enter the market because 
there is not enough volume. Branded drug companies 
may restrict supply chain channels, limiting access to the 
drug by the generic company and thereby avoiding com-
petition [14]. In addition, regulators may prohibit impor-
tation from other countries, limiting competition which 
could help to discipline prices [15]. Lastly, PBMs may dis-
tort overall generic drugs prices through the use of con-
fidential price negotiations and the use of spread pricing. 
In short, numerous factors may distort the competitive 
functioning of generic drugs market. In all of these cases, 
prices would show trajectories not consistent with com-
petitive markets. We explore the existence of four theo-
retical possible developments of prices overtime.

In competitive markets, generic drug companies that 
increase prices will be driven out of the market by other 
firms that keep prices closer to marginal costs. We first 
consider the existence of an upward convexity in the 
trajectory of prices to determine if drugs with rapid 
(convex) price increases are more likely to be in highly 
concentrated markets and in therapeutic areas that have 
few therapeutic substitutes. In short, “drugs with rapid 
rising in prices” show a trajectory of rapid price increases 
which is not consistent with the assumption of competi-
tive markets.

Second, we study the existence of drugs whose prices 
increase slowly but consistently. The existence of multiple 
firms should reduce the likelihood of collusive practices 
[23]. Under this scenario, we test if the market concentra-
tion, number of firms and other relevant attributes differ 
from the first group. The assumption is that drugs “slow 
rising in prices” have market power but it is less pro-
nounced than the previous group.

We then explore the existence of drugs whose prices 
decline over time. This path is consistent with the idea 
that market competition is operating as expected. 
Generic drug companies are forced to steadily reduce 
the cost of production and lower prices of generic drugs 
because of market pressures. Drugs with declining paths 
are expected to be in markets with large number of pro-
viders, several substitutes and low market concentration.

Fourth, we search for the existence of a group of firms 
that keep prices over time constant. It is expected that 
marginal cost of production does not change overtime, 
and price equals constant marginal cost. Firms produc-
ing “drugs with stable prices” are under the pressure of 
competition; but they are able to manage their survival 
by keeping real prices constant and equal marginal costs 
rather than reducing them. Adjustments in price setting 
occurs very rapidly and firms are able to survive by keep-
ing prices constant.

In short, using a Group-Based Trajectory model-
ling approach, we explore if the quarterly price data for 
the period 2010–2017 fits the theoretical framework of 
the existence of these four groups of generic drug price 
developments: rapid growth, slow growth, decline and 
steady. It is important to highlight at this point that the 
GBTM estimates may imply price variations heterogene-
ity in the drugs markets that it is not consistent with our 
theoretical framework. Once we evaluate if the dataset 
fits these patterns, we move to evaluate what market’s 
characteristics explain paths of rapid increases in prices 
which are not consistent with the assumption of compet-
itive firms participating in the market for generic drugs. 
Before outlining the method implemented in this paper, 
we proceed to explain the price database.

Dataset
We used the IBM MarketScan Commercial Claims and 
Encounters database (2010–2017). It includes all claims 
paid by a selection of around 350 insurers in the USA, 
representing claims for around 40 million individuals 
annually. The database contains data on the prices paid 
by individuals aged 19–64 with employer based health 
insurance [3].

Most generic drugs are available in different dosage 
forms (e.g. capsules, tablets, injections) and strengths 
(e.g. 125 mg, 250 mg, and 500 mg), in addition to being 
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sold by multiple labelers. When we refer to a specific 
drug, we refer to a specific active ingredient/dosage 
form/strength combination. For example, Doxycycline, 
tablet, 500 mg is analyzed as different drug from Doxycy-
cline, tablet, 1000 mg, and these two drugs are analyzed 
as being in two different markets. Once we clarify how 
we define our market unit, from this point on we will use 
the term market and drug interchangeably. Generic drugs 
are identified using the National Drug Code (NDC) and 
generic flags included in the main database.

Each drug can be sold by multiple labelers/firms. We 
consider each one of these labelers as independent play-
ers in each market. Although one might be tempted to 
refer to the labelers as manufacturers, in the pharma-
ceutical industry, one manufacturer can supply drugs 
to different labelers. However, our data set allows us to 
differentiate across labelers, so as it is common in this 
field, we are going to use number of labelers as number of 
producers. It is also important to keep in mind that each 
labeler is a separate company so it is appropriate to treat 
independently.

Moreover, a single labeler might sell the same product 
in different package sizes, for example in packages of 50 
and 100 pills. As a result, for all the monetary values in 
the data, we first computed the annual average per-unit 
price of each drug/ labeler/ package size combination. 
Then, for each labeler we computed what proportion of 
its total sales represented each package size. Using this 
information, we calculated a labeler price index as a sales 
volume-weighted average of each package size per-unit 
price.

We included all generic drugs (at the level of dos-
age form and strength) available in MarketScan for the 
period 2010–2017. We then restricted our sample to oral 
solids (i.e., tablets and capsules) according to the criteria 
layout described above. The final sample comprises 981 
generic drugs. We weighted total expenditure data and 
divided by sales to estimate quarterly weighted prices. 
We computed average monthly prices and then com-
puted weighted aggregated prices at quarter levels (e.g. 
Jan-Mar). We ended up with 32 observations per drug.

Once we have the final sample, we classified all generic 
drugs according to tertiles based on average price across 
the study period. We dropped the 1% of drugs (9 drugs) 
with highest observed maximum price which was 
approximately 15 times the standard deviation in the 
highest tertile.

Our main price outcome is transaction price, which 
represents the total price the health plan pays to the 
pharmacy for a prescription. We use the payment (PAY) 
variable in MarketScan for the estimation of transaction 
price. For each drug, the price (PAY) per each strength 
is a weighted average of all marketed package sizes 
and their market share. The quarterly price index is a 
weighted average. All prices are adjusted for inflation 
using the Medical Care Consumer Price Index.

Figure  1 displays the evolution of quarterly average 
price by tertile for the period 2010–2017. Interestingly, 
the aggregation of each tertile of drugs show stable aver-
age real prices with minor upwards fluctuation only in 
tertile 3. Yet, as we mentioned before, average prices may 
hide drugs that show rapid price increases or declin-
ing price trajectories during the period. Our proposed 

Fig. 1  Average Quarterly Prices of Generic Drugs. 2010–2017
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method aims to unpack the existence of upward price 
trajectories for certain drugs.

To test robustness of results, we run the analysis using 
the Average Whole Price (AWP) variable. We under-
stand that AWP is not a good proxy for the prices faced 
by consumers as rebates and insurers’ payments separate 
it from the prices faced by consumers. However, it is the 
price announced by the drug companies and it is often 
used to determine the cost sharing amount.

Control variables
Once we identify the relevant paths of price changes, we 
then investigate the factors that are associated with dif-
ferent rates of growth in price changes. Some control 
covariates included in the empirical models come from 
the Red Book database and others from the Marketscan 
database.

The Red Book database classifies each drug accord-
ing to their therapeutic group, and if the drug is used to 
treat acute or chronic conditions. Our therapeutic group 
variable is a summarized aggregation of the therapeutic 
group variable in the Red Book database (THERGRP), 
which originally contained more than 30 categories. 
Based in part on the CMS categorization of drug classes, 
we assigned each drug to one of 7 categories: Anti-infec-
tive, Cancer, Cardiovascular, Central Nervous System 
(CNS), Hormones and Synthetic Hormones, Immuno-
suppressants, and Miscellaneous drugs. The maintenance 
variable indicates whether a drug is primarily used for 
short-term treatment of acute conditions, for long-term 
treatment of chronic conditions, or for both chronic and 
acute conditions.

The decision to control for differences between acute 
versus chronic drugs, and controlling for therapeutic 
groups was driven by previous research that suggests 
prices and price trends are different across therapeutic 
classes and acute versus chronic nature of the drugs. One 
thesis for differences across therapeutic classes and the 
acute versus chronic nature of drugs is that patients may 
have different price elasticities based on their condition 
[6, 25].

We control for baseline prices in 2010 to control for 
starting point in the path of growth. In order to adjust 
for the size of the market, we include the total doses 
prescribed per quarter. We also control for the percent-
age of the market that it is covered by a brand drug. We 
consider two drugs to be substitutes if they belong to the 
same therapeutic class. The existence of a brand drug as a 
substitute may curtail the capacity of the generic firm to 
increase prices rapidly. We compute the number of label-
ers for each generic drug under the assumption that the 
larger the number of producers, the lower the likelihood 
that a generic drug shows a path of rapid price increases.

We construct a binary variable that indicates if the 
generic drug has been impacted by a merger or acquisi-
tion (MA). We test if the drugs impacted by MA would 
be more likely to show a rapid growth in price increases. 
We compute the Herfindahl-Hirschman Index (HHI) 
for each drug to assess market concentration. Our origi-
nal variable is in the scale 0–10,000. Table  1 shows the 
descriptive statistics for all the variables used in this 
analysis. Baseline price in the first quarter of 2010 in our 
sample is around 2 dollars; 10% of all drugs have been 
impacted by MA, and 25% of all drugs are produced by 
10 or more manufacturers.

The group‑based trajectory modelling approach
There are three types of trajectory models [4, 28]: Growth 
Curve Modelling (GCM), Group Mixture Model (GMM), 
and Group Based Trajectory Models (GBTM) [19].

All three approaches typically model development over 
time using different types of polynomials for the vari-
able time (eg. age, quarter, year, etc.), and each method 
makes different assumptions about the distribution of 
trajectories in the population of interest, as well as about 
how to aggregate individual heterogeneity in develop-
ments. GCM models the population distribution of indi-
vidual trajectories and captures mean trends as well as 
individual departures from the mean trajectory (random 
effects). GMM is an extension of GCM based on finite 
mixture models that allows for the presence of multiple 
GCMs in order to identify the different growth curves 
of different groups which are considered to be distinct 
subpopulations with different trajectories. Like GMM, 
GBTM is also based on finite mixture models, however, 
the distinction lies in how the subpopulations or trajec-
tories are conceptualized. GMM assumes the existence 
of specific subpopulations, each with its own GCM, 
whereas GBTM trajectory groups can be conceptualized 
as “a statistical device for approximating what is in all 
likelihood a continuous population distribution of trajec-
tories of unknown shape” [20, 28]. Thus, unlike GCM and 
GMM, GBTM does not include random effects in the 
trajectory model.

GBTM models are used when investigators do not have 
theoretical reasons to hypothesize distinct subgroups 
with specific trajectories that fit nearly all observations, 
but rather when seeking to summarize the heterogeneity 
of trajectories into groups of trajectories that approxi-
mate each other. In our case, we hypothesize that prices 
may follow a few fundamental paths. Therefore, we used 
the GBTM method to identify the trajectory groups that 
approximate individual trajectories.

Prior to estimating the trajectory groups, we divided 
the sample into 3 tertiles based on the average price 
observed over the study period (2010–2017). Due to the 
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large sample and heterogeneity of trajectories, dividing 
the 976 into tertiles grouped by price before performing 
the GBTM analysis allowed the model to converge and 
produce stable estimates in each tertile.

A key element in the estimation of GBTM is to decide 
how many groups fit the observed data. In our empiri-
cal estimations we use standard statistical tests such as 
Bayesian information criterion (BIC) to decide the total 
number of groups to model [12, 19]. However, our theo-
retical framework suggests the existence of three or four 
trajectory groups, and this was typically observed in the 
data as the best-fitting model.

Another challenge in empirical estimations of group-
based trajectory modelling is how to handle missing data 
and outliers [4, 11, 19]. For this analysis, we restricted the 
sample to 976 generic drugs with observations between 
quarter 1 of 2010 and quarter 4 of 2017, using the full 
panel. Fortunately, our price variable does not have miss-
ing data problems.

Defining time may be another factor that may influ-
ence the estimations of these models [19]. We conducted 
several robustness analysis. In particular, we conducted 
robustness tests with price data at yearly and monthly 
levels. We model the variable time using different types of 
polynomials, typically including time and time squared, 
as well as time cubed for some of the trajectory groups. 

However, it is important to keep in mind that estimating 
the parameters of these models are computational costly. 
We tried to approximate the distribution of the data with 
2, 3,4, 5 groups. We think three or four groups was the 
most adequate. We also run several models taking out 
outliers. Lastly, we computed the groups eliminating 1 
year of data at the time to analyze if significant variation 
in grouping arises as a consequence of eliminating a par-
ticular year.

Once we estimate the main price trajectories, we 
attempt to find predictors of price trajectories. Our selec-
tion of predictors was driven by economic theory. Recent 
empirical work tries to leverage GBTM estimations to 
have causal interpretation by combining GBTM method 
with propensity score approach using non-experimental 
data [18, 21]. In our setting, this option is not possible. 
Therefore, at this point our predictors of rapid trajec-
tories should be interpreted as important associations 
which merit further investigation. Finally, to assess what 
factors may predict a drug having a rising price trajec-
tory, we estimate a logistic regression model using the 
combined sample for all three tertiles and include the 
aforementioned covariates in the model.

Table 1  Summary Statistics of All Variables

We included all generic drugs to compute summary statistics. HHI refers to scale 0–10,000

We did not impute values for missing

Panel A: N = 976 Mean St. dev.

Baseline Payment (U.S. $) 2.02 3.13

Affected by Merger (%) 0.10 0.30

Average HHI 4839.81 1992.38

Average Doses per quarter (n) 1,345,944.0 3,058,184.0

Average share of branded in market (%) 0.12 0.14

Panel B: N = 976 Frequency %

Number of Labelers (Reference: 0–4) 0–4 318 32.58

  5–9 412 42.21

  10+ 246 25.20

Therapeutic Group (Reference: Miscellaneous) Anti-Infective 113 11.58

  Cancer 10 1.02

  Cardiovascular 218 22.34

  CNS 343 35.14

  Hormones 93 9.53

  Immunosuppressant 7 0.72

  Misc. 192 19.67

Maintenance Group (Reference: Both Chronic and Acute) Both 411 42.11

  Prim. Acute 349 35.76

  Prim. Chronic 208 21.31

  Missing/Other 8 0.82
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Results
Trajectories of prices in generic drug markets
Figure  2 displays the trajectories of price changes for 
generic drugs in the first tertile. The GBTM method indi-
cates that three groups are sufficient to map the topog-
raphy of price developments among these generic drugs. 
We estimate that 14.4% of generic drugs in this range of 
prices show a rapid trajectory of price increases. The rest 
of the drugs in this price range (85.6%) show declining 
price trajectories. Yet, around quarter 28, the rapid tra-
jectory in price increases shows a correction downward. 
The GBTM estimations suggest that 34.9% of the drugs 
in this price range decline somewhat rapidly while 50.7% 
decline slowly.

Taken together these results suggests that most low-
price generic drugs (at baseline line prices) decline in 
price over time. For an important proportion of these 
generic drugs (14.4%), prices increase very rapidly over 
the period 2010–2017. Competitive forces do not disci-
pline providers of these drugs.

GBTM estimations of the price trajectories for generic 
drugs in the second tertile indicate that 25.2% of generic 
drugs in this bracket show rapid increases in price. The 
remainder of drugs in this tercile show slow decline 
(Please see Fig. 3).

Analyzing high price generic drugs (top tertile), sug-
gests that the topographic of price increases in this price 
range could be collapsed into four clusters (See Fig.  4). 
Few drugs show a rapid price increases (6%) while the 
rest show a steady path in price changes over time. Inter-
estingly, most drugs show constant real prices over time 
during the period 2010–2017.

In short, for each tertile of generic drugs prices, we 
find a small cluster of generic drugs that show rapid 
price increases over the period 2010–2017. These generic 
drugs are the ones that most likely appear in the head-
lines and are the poster drugs that suggest to policy mak-
ers that market forces are not working [4, 27]. However, 
our empirical approach shows that most generic drugs 
can be clustered in slow or rapid decline prices trajecto-
ries. These results are consistent with firms experiencing 
constant marginal costs and prices. Even for the most 
expensive drugs in these groups, the price trajectories 
are constant. In short, the GBTM analysis suggests that 
market competition is working for most of the generic 
drugs. These results are consistent with the recent find-
ings reported by Frank et al. [8].

Correlates of a rapid trajectory of price increases
This section studies what predictors are associated with a 
rapid trajectory of price increases over the period 2010–
2017. To investigate this question, we estimated a logit 
model for the probability of a drug being in the rapid 
price increase trajectory group. For our estimation we 
used the covariates mentioned in section III.

We estimated similar probability models for all drugs 
in each tertile. Table 2 shows the estimated results for the 
drugs in the first tertile. These results are similar to the 
findings in the other groups. Results for all tertiles are 
available in an electronic supplement.

As suggested by our estimates, on average, generic 
drugs with higher prices at baseline are 19.9% (coeffi-
cient − 1.414) less likely to exhibit a rapid increase price 

Fig. 2  Price Trajectories For Generic Drugs in The First Tertile
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trajectory over the period 2010–2017. Also notice that 
our estimates suggest that drugs produced by a labeler 
that was involved in a merger, are less likely to be belong 
to the rapid price increase trajectory group. Contrary to 
expectations, MAs in generic drugs markets does not 
seem to increase the market power of firms to set up 
price increases over time. However, this result is not sta-
tistically significant different from zero.

Our estimates show that drugs in highly concen-
trated markets are more likely to belong to the rapid 
increase price trajectory. Although highly significant, 

the magnitude of the effect on the estimated probabil-
ity is very low. This result is consistent with a situation 
in which firms in concentrated markets are able to set 
up rapid price increases for their products as they do 
not feel the pressure of competitive forces to reduce 
price increases over time. Similarly, markets with more 
than 10 providers are 18% (coefficient − 1.249) less 
likely to show a rapid price increases path (p  < 0.05). 
This result suggests that focusing anti-trust regula-
tion on number of players in the market may have an 
impact on price increases trajectories.

Fig. 3  Price Trajectories For Generic Drugs in The Second Tertile

Fig. 4  Price Trajectories For Generic Drugs in The Third Tertile
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Level of sales as a proxy of relevance of the drug in 
the market seems not to have an impact on a rapid tra-
jectory of price increases. Markets with higher propor-
tion of brand drugs as substitutes are more likely to 
show price increases developments; yet, this result is 
not statistically significant at p < 0.10. This might sug-
gest that generic drugs producers who compete with 
brand drugs are not willing to implement rapid price 
increases to match brand drug prices.

Another of our hypotheses suggested that generic 
drugs mainly prescribed for acute care are more likely 
to be associated with price increases than drugs for 
preventive diseases because of the differences in 
demand price elasticities. Accordingly, our estimates 
suggest that drugs used in acute care are more likely to 
experience rapid price increases.

Which drugs are more likely to display a rapid trajectory 
of price increases?
Figure  5 indicates the names of the best selling drugs 
(according to baseline sales) in each price tertile that 
fall into rapid price increase trajectories. By identify-
ing generic drugs with rapid price increases, we validate 
other research that examined these drugs in isolation and 
flag these drugs for policy makers who are concerned 
about public health, access to medications, and the func-
tioning of the generic drug market.

While a variety of drugs are represented in the top 
20% of the rapid price trajectory group, some common 
characteristics exist. Many of these drugs are taken for 
chronic conditions (e.g. baclofen, thyroid, albuterol). This 
may support the thesis that companies may set low prices 
for chronic condition medications to establish them-
selves in the market. Once established, this forces other 
manufacturers to drop out from the market so companies 
can and do pass on price increases reflective of better 

Table 2  Logit Estimates of The Associates of a Rapid Trajectory of Price Increases in Generic Drugs. All Drugs

Robust Standard Error in Parentheses, (***) p <0.01; (**) p <0.05; (*) p<0.10

We did not impute values for missing, though there were 9 missing values for the variable Pay

Coefficient Std Error

Panel A

  Baseline Payment −1.414*** (0.198)

  Affected by Merger −0.750 (0.506)

  Average HHI 0.000256*** (0.00001)

  Average Doses per quarter −0.0001 (0.000)

  Average share of branded in market 0.925 (0.763)

Panel B

  Number of labelers (Reference: 0–4))

    5–9 −0.206 ((0.290)

    10+ −1.249** (0.539)

  Therapeutic Group (Reference: Miscellaneous)

    Anti-Infective 0.492 (0.483)

    Cancer 0.683 (0.922)

    Cardiovascular 0.795** (0.373)

    CNS 0.467 (0.318)

    Hormones −0.272 (0.444)

    Immunosuppressant 2.256 (1.389)

  Maintenance Group (Reference: Both Primary and Acute)

    Primarily Acute 0.708** (0.347)

  Primarily Chronic 0.474 (0.431)

  Constant −2.036*** (0.630)

  Log Likelihood − 307.161

  Pseudo R2 0.255

  Observations 959
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market power. As previous work indicates that chronic 
drugs has higher rates of price increases than acute drugs 
in the branded drug space Schondelmeyer & Purvis [25]; 
our work suggests this may be true as well in the markets 
for generic drugs.

The proposed method allows us to identify the list of 
companies in each tertile that have higher proportion of 
generic products in the rapid price increases trajectories 
(results are available upon request from the correspond-
ing author). Companies that are associated with drugs 
that increase prices consistently may be worthwhile for 
regulatory examination. The generic market is gener-
ally competitive and for the most part prices decline in 
the long run. While our models do not suggest causation, 
our results begs the question of why these companies are 
associated with price increases. It could be the individual 
drug markets these companies participate in experienced 
unobserved changes that resulted in price increases or it 
could be anti-competitive behavior of firms.

Discussion
Our initial quest to explore price trajectories in generic 
markets was motivated by policymakers’ concern that 
market forces are not sufficient to maintain low prices 
and could affect patient access to these drugs. The group-
based trajectory analysis identifies some generic drugs 
that show a fast pace of price increases over the period 
2010–2017. The GBTM estimations indicate that 14.4% 

of the generics in the low-price range show rapid price 
increases; while 25.2% of generics in the medium price 
range and only 6.0% of generics in the high price range 
show a rapid trajectory of price increases.

The results do not change when we run the models 
with monthly or yearly prices. Furthermore, when we use 
the variable AWP the price trajectories estimations for 
each tertile do not change. In short, we feel confident that 
our estimates are robust to a battery of relevant model 
and data specifications. Taken together our estimations 
suggest that the application of the GBTM models in this 
setting seem to fit the observed heterogeneity in price 
changes well.

It appears that market forces are constraining price 
increase trajectories in most generic drugs. Our results 
are in line with findings reported by [8]; yet we focus on 
price trajectories rather than changes in average annual 
prices. We argue that this method provides a more com-
prehensive picture of the markets’ performance.

Our results indicate that a larger number of players in 
the market (+ 10) are linked to a decline in the probability 
of having upward trajectories in prices. Market competi-
tion seems to discipline prices when there is robust com-
petition. As expected, high market concentration plays 
a role in putting a product in a rapid trajectory of price 
increases. Drugs that are already expensive are less likely 
to exhibit upward price trajectories. Acute treatments 
are more likely to be on the upward path. One possible 

Fig. 5  Top 20% Drugs in The Rapid Trajectory of Price Increases by tertile
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explanation is that acute treatments rely on new users, 
who may not know about the previous lower prices.

Conclusions
The paper has interesting and important ambitions. First, 
it describes price trajectories of generics, and then, iden-
tifies the characteristics of generic drugs that experience 
the biggest price increases. Describing the trajectories 
has been done in other papers using average prices; yet, 
we propose an alternative approach such as Group Based 
Trajectory Model which provides a comprehensive map-
ping of price changes. We fit the model using quarterly 
price information in the IBM MarketScan claims data-
base for the period 2010–2017. We identify three domi-
nant price trajectories for this period: rapid increase 
trajectories, slow decline and rapid decline. Most generic 
drugs show a slow or a rapid decline in price trajecto-
ries. Around 17 % of all generic drugs show rapid price 
increase trajectories. The identification of characteristics 
of generic drugs with the biggest price increases is an 
important contribution with relevant policy implications. 
For instance, drug pricing reforms that plan to penal-
ize pharmaceutical companies for unsupported price 
increases may based financial penalties on trajectories of 
prices over time rather than on a ceiling related to infla-
tion rate for the average price increases during a specific 
period.

Importantly, the approach that we propose identi-
fies the drugs that follow a path of rapid price increases. 
This information would be valuable for state and federal 
regulators to moitor price increases, and for an anti-trust 
agency to monitor anti-competitive behavior of firms 
in these markets. The method could be used to monitor 
those companies who are in a trajectory of rapid price 
increases, or to monitor those drugs that went off the tra-
jectory of constant prices towards a path of more rapid 
increases.

In addition, this method permits the identification of 
factors that push drugs into rapid price increase trajec-
tories. This information may be used preemptively by 
anti-trust agency to monitor competition and protect 
consumers’ welfare. Future research should study if prod-
uct-based regulation according to price trajectories may 
enhance consumers’ welfare more than attaching price 
increases for all generic drugs to annual inflation rate. 
This is an important factor to weigh in the policy debate 
because an important proportion of generic drugs exhibit 
declining price trajectories over time. Future research 
should explore how often the market corrects for over-
pricing behavior, and how long it takes to do so. Lastly, 
future researchers should incorporate in a structural 
model how dynamic changes in some of the control vari-
ables are linked to changes in drug prices.
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