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Abstract

Introduction—Little is known about trends in national rates of injection-related skin and soft 

tissue infections (SSTI) and their relationship to the structural risk environment for heroin users. 

Use of Mexican-sourced “Black Tar” heroin, predominant in western US states, may have greater 

risk for SSTI compared with eastern US powder heroin (Colombian-sourced) due to its association 

with non-intravenous injection or from possible contamination.

Methods—Using nationally representative hospital admissions data from the Nationwide 

Inpatient Sample and heroin price and purity data from the Drug Enforcement Administration, we 

looked at rates of hospital admissions for opiate-related SSTI (O-SSTI) between 1993 and 2010. 

Regression analyses examined associations between O-SSTI and heroin source, form and price.
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Results—Hospitalization rates of O-SSTI doubled from 4 to 9 per 100,000 nationally between 

1993 and 2010; the increase concentrated among individuals aged 20 to 40. Heroin market features 

were strongly associated with changes in the rate of SSTI. Each $100 increase in yearly heroin 

price-per–gram-pure was associated with a 3% decrease in the rate of heroin-related SSTI 

admissions. Mexican-sourced-heroin-dominant cities had twice the rate of O-SSTI compared to 

Colombian-sourced-heroin-dominant cities.

Discussion—Heroin-related SSTI are increasing and structural factors, including heroin price 

and source-form, are associated with higher rates of SSTI hospital admissions. Clinical and harm 

reduction efforts should educate heroin users on local risk factors, e.g., heroin type, promote vein 

health strategies and provide culturally sensitive treatment services for persons suffering with 

SSTI.
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1. INTRODUCTION

Bacterial skin and soft tissue infections (SSTI), specifically cellulitis and skin or soft tissue 

abscesses, are the most common reason for hospitalization of persons who inject drugs 

(PWID; Ciccarone et al., 2001; Ebright and Pieper, 2002) and carry high social burden and 

health care costs (Binswanger et al., 2000; Binswanger et al., 2008; Takahashi et al., 2007, 

2010). Prevalence estimates of SSTI among PWID range widely: from 10% of PWID at a 

supervised injection program in Vancouver (Lloyd-Smith et al., 2008), 20% of PWID in 

Tijuana (Pollini et al., 2010), 24% of heroin PWID inpatients in Detroit (Crane et al., 1986), 

32% of street sampled heroin PWID in San Francisco (Binswanger et al., 2000) to 34% of 

heroin injectors in Glasgow (Ramsay et al., 2010). Takahashi et al. (2010) estimate that 

0.07% of all US non-Federal hospitalizations in the United States were due to SSTI among 

heroin users generating costs over $193 million in 2001 alone. In San Francisco, 7% of all 

hospital admissions at the large county hospital were for SSTI costing on average $9.9 

million per fiscal year; of these cases 70% were in heroin injectors (Ciccarone et al., 2001). 

The individual burden of heroin-related SSTI in San Francisco has been described as a 

“hidden epidemic of suffering” (Ciccarone et al., 2000). SSTI have a negative impact on 

quality of life with persistent pain, mobility restrictions and stigmatization due to 

disfigurement and wound odor (Palfreyman et al., 2007; Pieper et al., 2007). Stigmatization 

in turn leads to non-adherence to medical care and self-care practices such as self-lancing 

abscesses (Bourgois and Schonberg, 2009; Ciccarone et al., 2000; Fink et al., 2013; Messac 

et al., 2013).

What little is known about the risk factors for SSTI among heroin PWID is focused on 

individual behaviors. Behavioral risks include type of drug injected (heroin and cocaine, i.e., 

speedball; Murphy et al., 2001a; Spijkerman et al., 1996), route of injection (subcutaneous 

or intramuscular vs intravenous; Binswanger et al., 2000; Murphy et al., 2001b) frequency of 

subcutaneous injection; Binswanger et al., 2000; Hope et al., 2016; Spijkerman et al., 1996) 

and reuse of syringes (Murphy et al., 2001b). HIV infection was an independent risk in one 
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study (Spijkerman et al., 1996) but not another (Murphy et al., 2001b). Similarly skin 

cleaning prior to injection was seen as protective in a case-control study (Murphy et al., 

2001b) but not so in a cross-sectional one (Binswanger et al., 2000). Type of drug injected is 

crucial with injection of heroin and speedball (heroin and cocaine) increasing (Lloyd-Smith 

et al., 2008; Murphy et al., 2001b) and injection of methamphetamine decreasing risk for 

SSTI (Phillips and Stein, 2010).

Moving beyond individual behavioral risks we consider the structural risk environment–a 

framework that conceptualizes individual behavior within wider social, environmental and 

political contexts in which harms result from interactions between macro- and micro-level 

forces (Rhodes, 2009). For heroin injectors the structural risk environment includes drug 

supply, i.e., heroin source, form and distribution, which moderates the relationship between 

individual risk behaviors and health. Risks emanate from global supply, e.g., poppy 

cultivation, trafficking and interdiction, down to local settings e.g., drug market conditions, 

(Curtis et al., 1995) syringe availability (Bluthenthal et al., 2000) and size (Bobashev and 

Zule, 2010) and social norms (Sherman, 2002), all shaping micro-level drug use behavior, 

e.g., injection route, frequency and hygiene (Ciccarone, 2009; Ciccarone and Bourgois, 

2003).

Heroin source and form may entail some structural risk for SSTI. The robust geographic 

division of US heroin markets by source-form has existed, for political and economic 

reasons, for the past two to three decades (Ciccarone, 2009; Ciccarone et al., 2009). Since 

1985, “black tar” heroin (BTH) has been the predominant form of heroin available in the 

Western U.S. (US Drug Enforcement Administration, 2000). Mexican in origin, BTH 

derives its name from its dark brown to black color, as well as its semi-solid, tarry 

consistency. PWID in Tijuana, Mexico, the majority of whom used BTH, reported a lifetime 

prevalence of SSTI of 46% (Pollini et al., 2010). Reports suggest BTH use is associated with 

several clinical SSTI including abscess and cellulitis (Ciccarone et al., 2001), necrotizing 

fasciitis (Dunbar and Harruff, 2007) and specifically various Clostridia infections including 

tetanus (Bardenheier et al., 1998), wound botulism (Center for Disease Control and 

Prevention, 1995; Passaro et al., 1998) and myonecrosis (Bangsberg et al., 2002).

Heroin market conditions, e.g., retail price and purity, are also components of the structural 

risk environment. Our analyses of structural changes in the US heroin supply, 1990–2008, 

revealed that the entry of a novel source-form of powder heroin (PH) from Colombia led to a 

nationwide decline in the price and increase in the purity of heroin (Rosenblum et al., 2014). 

Cities in the mid-US with more heroin source-forms had more competition and the greatest 

decline in purity-adjusted price over the time period (Rosenblum et al., 2014). Another study 

used representative national hospital data combined with heroin market data to investigate a 

link between structural heroin market characteristics and heroin-related overdose over 17 

years. We found that each $100 decrease in the price per gram pure of heroin resulted in a 

3% increase in the number of HOD hospitalizations (Unick et al., 2014). An unexpected 

finding was that Colombian-sourced heroin had a positive effect, independent of purity, on 

the rates of HOD in our national model (Unick et al., 2014).
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This study focuses on identifying national trends in heroin-related SSTI and quantifying the 

role that the heroin market, specifically price, purity, and heroin source-form (i.e., BTH vs 

PH), has on community SSTI risk. This is the first study, to our knowledge, that uses 

representative national hospital data combined with US Drug Enforcement Administration 

(DEA) heroin market data to investigate a link between structural heroin market factors and 

SSTI. We hypothesize that decreases in heroin price are associated with higher 

hospitalization rates nationally for SSTI and that communities with predominantly BTH 

have higher rates of SSTI hospitalizations.

2. METHODS

2.1 Sample Metropolitan Statistical Areas

We used Metropolitan Statistical Areas (MSAs), to define geographic entities as defined by 

the Office of Management and Budget. These units function as integrated economic and 

social entities that span multiple counties but have a common urban core population over 

50,000 (Office of Management and Budget, 2010). We used 27 MSAs to construct the price 

and purity series for retail level heroin purchases and samples (under 1 gram) between 1993 

and 2010 in the DEA System to Retrieve Information from Drug Evidence (STRIDE) 

dataset. These 27 MSAs were selected because they had data reported in STRIDE for each 

of the years analyzed. They also represent all of the top 15 and 22 of the top 30 MSAs by 

population size in the country. Table 1 lists all 27 MSAs with heroin price and purity data. 

Albuquerque, Atlanta, Dallas, Detroit, El Paso, Houston New Orleans and San Antonio were 

excluded from the regression analysis due to restrictions on identifying hospital locations, 

which prevent specification of the hospitals’ MSA (Agency for Healthcare Research and 

Quality Healthcare Cost and Utilization Project (HCUP), 2008). The 19 MSAs with heroin 

overdose frequency counts identify the MSAs included in the regression analysis.

2.2 Counts of Opiate-Related Skin and Soft Tissue Injury Hospital Admissions

The dependent variable for these analyses is a count of opiate-related skin and soft tissue 

injury (O-SSTI) hospital admissions in a given hospital in a given year in one of 19 MSAs. 

O-SSTI hospitalization data come from the Nationwide Inpatient Sample (NIS), an 

approximately 20-percent stratified national random sample of United States Community 

Hospitals (HCUP, 2008). For each year’s sample of hospitals, the NIS randomly draws 20% 

of hospitals from its stratified sampling frame to construct the dataset so each individual 

hospital only appears a limited number of times (a mean of 3.7 times per hospital). Overall 

there were 3,409 hospitals sampled from the 19 MSAs. Data from 1993 through 2010 NIS 

were used to estimate the number of O-SSTI in hospitals in each of 19 MSAs.

Cases of O-SSTI were identified using ICD-9 codes included in the NIS discharge records. 

Individuals were considered to have a SSTI if they had ICD-9 codes 681.1–682.9, were 

between the ages of 15 and 65 and did not have a diagnosis of diabetes type 1 or type 2. We 

also tested a model that included the above SSTI ICD-9 codes and codes for gas gangrene, 

wound botulism and necrotizing fasciitis. These second diagnoses were very rare, were 

highly correlated (r = 0.99), did not improve the fit of models presented here and did not 

change any of the inferences. We elected to go with the more parsimonious model. We also 
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considered a number of drug comorbidities, from less sensitive all drug models that included 

all the dependence, abuse, intoxication and poisoning ICD-9 codes for amphetamines, 

cocaine, heroin, opiates and general drug categories. All the drug comorbidity models were 

highly correlated (r = 0.98) and did not change any inferences. The best fitting, and most 

specific, models included one of several heroin and opiate comorbidity variables including 

ICD-9 codes for opioid dependence (304.00–304.3), opioid and other drug dependence 

(304.70–304.73), opioid abuse (305.50–305.53), poisoning by opium, heroin, methadone or 

other opiates (956.00–956.02, 956.09, 970.1) and accidental poisoning by heroin, methadone 

or other opiates (E850.0–E850.2).

2.3 Heroin Price, Purity and Source Series

The heroin price and purity series and heroin source data come from the DEA administered 

STRIDE dataset. The STRIDE data is collected through several procedures. Included in the 

purity series are all samples collected that include purity analysis. Included in the price 

series are purchases made as part of an investigation or through the Domestic Monitoring 

Program. Because the collection of STRIDE data is a convenience sample and not based on 

random selection we used estimated purity and price data in the models. To construct the 

estimated price and purity series we followed previous suggestions for data cleaning and 

modeling with some adjustments (Caulkins, 2005). Because we are interested in the effect of 

heroin price and purity on users we used only the retail market (less than or equal to a gram) 

samples for our price and purity series. These analytic methods are further described in 

previous papers (Rosenblum et al., 2014; Unick et al., 2014).

To construct the purity series we used random coefficient models from Arkes et al (2008) 

that predict purity as a function of the amount collected and the year the sample was 

collected. The resulting price and purity series are based on the expected purity hypothesis 

that better models the user’s expected experience in the drug market (Caulkins, 2005). 

Specifically, the estimated price and purity data use the model generated expected purity per 

gram rather than the actual purity, compensating for the presence of outliers due to “bunk” 

samples with zero percent heroin purity.

Part of the STRIDE data is collected for use in the Heroin Signature Program that collects 

heroin samples for the purpose of identifying source region (Toske et al., 2006). We used 

this series to construct a variable identifying the percentage of heroin samples in each MSA 

for each year that originates from Colombia or Mexico. Heroin originating from these two 

source countries accounts, by some estimates, for 99% of US retail heroin (Office of Drug 

Control Policy, 2012). The entry of Colombian-sourced heroin in the early 1990’s effectively 

displaced two other heroin source-forms, those from Southeast and Southwest Asia, in the 

retail markets of the eastern US (Ciccarone et al., 2009). Heroin originating from Mexico, 

going to western US markets, has traditionally been BTH (US Drug Enforcement 

Administration, 2000). Heroin originating from Colombia is PH (Ciccarone et al., 2009).

2.4 Demographic MSA Controls

Data for local MSA conditions come from several sources. Yearly MSA unemployment and 

poverty rates were collected from the March Current Population Survey (CPS) supplement. 
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Data on yearly MSA percent male by race and five-year age categories and MSA population 

size were constructed from the Surveillance, Epidemiology, and End Results (SEER) 

dataset. Yearly crime estimates for MSAs were taken from the Uniform Crime Reports. We 

also estimated models with data documenting arrests for heroin and cocaine possession and 

sales but due to missing data in this variable we used total crime in all presented models. 

The choice of the crime variable did not affect the models in any substantive way.

2.5 Statistical Model for Counts of O-SSTI Hospital Admissions

We constructed population rates of hospitalizations for O-SSTI, and race, age and region 

adjusted population rates. Calculations of the sample design adjusted counts of O-SSTI was 

done using the hospital survey weights and survey design variables provided by HCUP in 

SAS Proc Surveyfreq and using the populations statistics provided by HCUP (Barrett et al., 

2014). We also constructed rates of the number of O-SSTIs as a percentage of all opiate 

admissions using total hospital counts of admissions as the denominator.

In our model we combined three datasets; the yearly O-SSTI hospital admission count data, 

the DEA heroin price and purity data and the demographic control data. The resulting 

dataset had an observation for each hospital-year with hospital-year nested in MSAs. For the 

regression analysis we used a Random Intercept Negative Binomial model with robust 

standard errors to predict the counts of yearly O-SSTIs in the sampled hospitals and adjust 

for the overdispersion of the variance of the count data relative to the mean. We estimate a 

random intercept for each hospital, resulting in a two level model. The random hospital 

intercept models the within hospital covariance over time and provides an additional method 

for modeling the overdispersion of the O-SSTI data. We also used robust standard errors to 

further correct for the effect of overdispersion and heteroskedasticity on the standard errors 

(Rabe-Hesketh and Skrondal, 2013)

O-SSTI in hospital i in year j are modeled as a function of the coefficients α1-5 respectively 

representing raw price, purity or price per pure gram (P), percent Mexican-sourced heroin, 

total count of crime, unemployment and percent in poverty in year j and MSA k. Coefficient 

α6 is a vector of demographic controls with percent male and black, Hispanic and white for 

year j in MSA k. Coefficient α7 is a vector of cubic time variables. Hospitals each have a 

random intercept (ζi) that are assumed to be normally distributed. All regression models 

were estimated in Stata 13 using MENBREG with adaptive quadrature (StataCorp, 2013).

Because we are interested in the rate of O-SSTI irrespective of the count of PWID in a 

population, we need to use a rate of O-SSTI over some denominator representing the 

population at-risk. Because we do not know the number of PWID in an MSA and because 

the unit of analysis is hospitals for which we do not know the population at-risk within 

hospital catchment areas, we use the logged count of all opiate-related hospital admissions 

as the offset. We tested several other potential counts including all drug-related admissions 
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and opiates admissions excluding overdose, but the count of opiate-related admissions 

models had the lowest AIC/BIC statistics and was conceptually the most clear and consistent 

with the dependent variable; the choice of offset did not meaningfully alter the statistical 

inferences from the model.

3. RESULTS

Table 1 displays the 27 MSAs that had DEA data and the 19 of those that also had hospital 

data that could be matched with an MSA. For each of the MSAs we provide the available 

statistics for mean yearly hospital O-SSTI admissions, the yearly mean number of DEA 

signature samples and the mean yearly percent of those signature samples that are identified 

as being produced in Mexico. The mean yearly number of hospitals per MSA range from 

3.24 in Bridgeport CT to 39.53 in Los Angeles CA. The mean yearly number of signature 

samples ranges from 3.07 in Milwaukee to 272.5 in New York City. MSAs are divided 

between Mexican-sourced-heroin-dominant (MHD) and non-Mexican-heroin-dominant 

cities (non-MHD) with little overlap. Most MHD cities are on the West region. The 

Northeast and Midwest are non-MHD (i.e., Colombian-sourced-heroin-dominant (CHD)). 

The South is more split but the most MHD southern locations are all in Texas, which does 

not provide hospital identifiers in their data, and so are not included in the regression 

analysis.

Figures 1a–d show the national rates of O-SSTI. Figure1a is the rate of O-SSTI in the US 

population. Hospitalizations increased from under 4 per 100,000 pop. in 1993 to over 9 per 

100,000 in 2010 with rates increasing fairly steadily from 2001 to 2010; and an overall rate 

of increase between 1993 and 2010 of 0.27 per 100,000 per year. Figure 1b shows that the 

rates of O-SSTI have not increased equally between Black, White and Hispanic populations. 

Black rates peaked in 1996 at a rate of 18.42 per 100,000 declining to 6.59 in 2008 and 

increasing to 9.33 in 2010. Hispanic rates have remained relatively flat with a minimum rate 

of 4.82 per 100,000 in 1994 and a maximum rate of 9.91 in 2006. White rates have steadily 

increased from 1.94 per 100,000 in 1993 to 8.80 per 100,000 in 2010. Figure 1c shows the 

age distribution for O-SSTI in five-year intervals between 1995 and 2010. In the lowess 

smoothed data displayed in the graph, the peak rate for all ages was 2010. In the raw rate 

data there is slightly more variability, with 23 of the 48 included ages having their max rate 

in 2010 and 42 of 48 having their max rate in 2006 or later. The graph also shows that the 

mean of the age distribution has skewed younger between 2000 and 2010. Figure 1d shows 

the rates across region. The Northeast generally has the higher rate of O-SSTI admissions 

followed by the West.

Figure 2 adjusts the data to show the MSA mean hospital rate of O-SSTI over all admissions 

for opiate-related diagnoses. Because we do not have counts of individuals who inject 

opiates by hospital catchment area, we used the total yearly count of opiate-related hospital 

admissions as the denominator in our rate calculations. Using all individuals who were 

admitted with opiate-related diagnoses we can get an approximation of the population of 

opiate users at-risk for O-SSTI in the hospital catchment area. The vertical lines represent 

the means of the MHD cities in black and CHD cities in gray and show higher rates of O-

SSTI over all opiate admissions in MHD compared with CHD cities with only St. Louis and 
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Denver being closer to the Colombian mean. In the MHD cities 10.7% of opiate-related 

admissions are for a primary diagnosis of O-SSTI versus 5.2% in CHD cities, a statistically 

significantly difference (p<0.001).

Figure 3 is the graphical representation of the coefficients of the multilevel negative 

binominal model. Using the same rate adjustment as Figure 2, we estimated the Incident 

Rate Ratio for O-SSTI as a function of the proportion of Mexican heroin in an MSA. We 

found that the rate of O-SSTI doubles (P<0.001) as you move from a 0% MHD city to a 

100% MHD city. As Table 1 shows most cities are either MHD or CHD. Price of a pure 

gram of heroin also predicts O-SSTI, with a $100 increase in price resulting in a 3% 

decrease in the rate of O-SSTI.

4. DISCUSSION

Hospitalizations for heroin-related SSTI are rising in the US with rates doubling between 

2000 and 2010; the increase concentrated among individuals aged 20 to 40. Consistent with 

our hypotheses we found that heroin market features are strongly associated with changes in 

the rate of SSTI: each $100 increase in the average yearly MSA heroin price-per-pure gram 

was associated with a 3% decrease in the rate of heroin-related SSTI hospital admission. 

Heroin source-form also matters: after adjusting for covariates, BTH-dominant cities had 

twice the rate of SSTIs compared to PH-dominant cities.

Source and form of heroin are structural factors in the risk environment: each heroin source-

form has specific characteristics–color, physical state, cold/hot water solubility, pH, heat 

stability, weight to volume ratio and purity–that affect how it is used and which risks are 

inherent in that use pattern (Ciccarone, 2009; Ciccarone and Bourgois, 2003; Ciccarone and 

Harris, 2015). Colombian-sourced PH is off-white to light brown, powdered, with cold water 

solubility. BTH is dark brown to black, solid, vaporizable, of lower purity and requires heat 

to go into aqueous solution. Differential medical consequences stem from each source-form, 

e.g., cities with greater proportions of Colombian-sourced PH have greater risk for heroin-

related overdose controlling for heroin purity (Unick et al., 2014). Heroin source-forms 

correlate to differential medical consequences e.g., HIV prevalence among PWID is much 

higher in cities with PH than in cities where BTH is endemic (Ciccarone and Bourgois, 

2003). The ritual syringe residue rinsing observed among BTH injectors likely leads to 

reduced HIV transmission risk as the potential viral load of a reused syringe has been 

reduced by the rinsing (Ciccarone and Bourgois, 2003). In addition, BTH appears to induce 

venous sclerosis and users migrate to subcutaneous or intramuscular injection (Binswanger 

et al., 2000; Ciccarone et al., 2001; Murphy et al., 2001b; Williamson et al., 2001); it is 

likely this mechanism that leads to the association between BTH and SSTI, both common, 

i.e., abscess and cellulitis, and rare, e.g., wound botulism. Heroin solution acidity has been 

proposed as the proximal causal link to venous sclerosis and SSTI (Ciccarone and Harris, 

2015) but the acidity of BTH solutions relative to other heroin forms is unknown. Some have 

suggested that the heating process to put BTH into solution is not sufficient to kill spore-

forming bacteria such as Clostridia species (Gordon and Lowy, 2005; Passaro et al., 1998). 

Beyond this, the exact nature of the association between BTH use and infection remains ill-

defined.

Ciccarone et al. Page 8

Drug Alcohol Depend. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Rising SSTI rates are likely due to rising heroin use in the US. A nationwide multifaceted 

transition is occurring from opioid pill misuse to heroin injecting (Cicero and Ellis, 2015; 

Cicero et al., 2012; Daniulaityte et al., 2006; Dart et al., 2015; Lankenau et al., 2012; Peavy 

et al., 2012). National survey data found past-year heroin users rose from 373,000 in 2007 to 

669,000 in 2012; heroin initiation has risen since the mid-2000s, signaling a growing 

epidemic (Substance Abuse and Mental Health Services Administration, 2013). Our research 

shows that heroin use is increasing among young people with an “intertwined epidemic” of 

heroin-related and prescription opioid-related overdose (Unick et al., 2013). Younger users 

we interviewed had typically transitioned from pills to insufflating and then injecting heroin 

after finding their pill supply unreliable or unaffordable (Mars et al., 2014). The unequal 

rates of O-SSTI between Black, White and Hispanic populations reflect the demographics of 

the unfolding heroin epidemic (Unick et al., 2013). The public health implications of this 

nationwide heroin epidemic, including regional and generational differences in risk taking 

and rising medical consequences, remain to be expounded.

Interventions at the behavioral and social-structural levels can address the rising SSTI 

problem. Clinical and harm reduction efforts should educate heroin users on local risk 

factors, e.g., heroin type, promote vein health strategies and provide culturally sensitive 

treatment services for persons suffering with SSTI (Ciccarone and Harris, 2015; Harris and 

Rhodes, 2012; Messac et al., 2013). Tailored SSTI interventions for BTH injectors include 

safer muscling and possibly buffered heroin (Ciccarone and Harris, 2015); for PH injectors 

emphasis should be placed on reducing the risks from concurrent cocaine, i.e., speedball, 

use. In San Francisco, a specialized SSTI clinic was developed following a report on the 

extent and costliness of this problem at the county hospital (Ciccarone et al., 2001). This 

community-stimulated intervention proved popular, cost-saving and durable (Harris and 

Young, 2002; Messac et al., 2013). SSTI clinics can also be a component of syringe 

exchange, including mobile, services (Grau et al., 2002; Robinowitz et al., 2014; Smith et 

al., 2014). Medical care offered within supervised injection facilities helps reduce the social 

and structural barriers to SSTI care (Small et al. 2008).

4.1 Limitations

There are a number of limitations to this study. First we have only observed correlations not 

causal relationships between type of heroin, cost of heroin and SSTI rates. While consistent 

with our hypothesis of a causal relationship these findings are not proof of a causal 

relationship. One potential source of bias is that different injection cultures or different 

environmental bacterial risks exist in the West compared to the East and that these are 

associated with different levels of SSTI risk. Other ecological fallacy risks exist where 

differences in the population risk are not related to individual actors.

A separate set of limitations is related to the use of DEA data on heroin price, purity and 

source region along with limitations related to hospital coding practices. Both the main 

independent and dependent data could be subject to various sources of bias. For example 

there is some evidence that the use of DEA data for estimating price, purity and source 

region is flawed (Horowitz, 2001). Furthermore, the geographic spread of the MSAs was not 

selected to be representative. While the MSAs were included because of the quantity of 
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samples collected by the DEA, differences across local DEA offices, e.g., different 

approaches sampling from the local heroin market, could bias the price and purity data 

series. While we have employed several methods, from sensitivity checks for diagnosis of 

SSTIs to statistical price and purity models for the DEA data, there is uncertainty about the 

reliability and validity of the data.

4.2 Conclusion

Consistent with the increase in reported heroin use is an increase in heroin-related SSTI. 

Structural factors, including heroin market dynamics, specifically BTH and lower price-per-

pure gram of heroin, predict higher counts/rates of SSTI hospital admissions. Understanding 

PWID’ risk behavior in the context of the structural risk environment enables tailoring 

structural, behavioral and clinical interventions e.g., syringe exchange programs (Hurley et 

al., 1997) and harm-reduction oriented SSTI clinics (Grau et al., 2002; Harris and Young, 

2002; Messac et al., 2013; Robinowitz et al., 2014). Future investigations into the causes of 

SSTI among heroin injectors should consider both physiological and chemical mechanisms, 

including the measurement of histamine as an injection induced inflammatory marker 

(Maurer et al., 2014), and drug solution acidity (Ciccarone and Harris, 2015).
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Highlights

• Hospitalization rates for opiate related soft tissue infections (SSTI) have doubled 

nationally

• Heroin price increases were associated with decreases in the rate of heroin-

related SSTI

• Mexican-sourced-heroin-dominant cities had twice the rate of SSTI
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Figure 1. 
Figure 1a. Rate of Opiate-related SSTI Hospitalizations between 1993 and 2010

Figure 1b. Rate of Opiate-related SSTI Hospitalizations between 1993 and 2010 by Race

Figure 1c. Rate of Opiate-related SSTI Hospitalizations between 1993 and 2010 by Age

Figure 1d. Rate of Opiate-related SSTI Hospitalizations between 1993 and 2010 by Region
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Figure 2. 
Rates of Opiate-related SSTI over all Opiate Hospitalizations by MSA
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Figure 3. 
Negative Binomial Regression of Hospital Opiate-related SSTI Yearly Counts

Ciccarone et al. Page 19

Drug Alcohol Depend. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ciccarone et al. Page 20

Ta
b

le
 1

M
SA

, h
os

pi
ta

l a
nd

 h
er

oi
n 

m
ar

ke
t c

ha
ra

ct
er

is
tic

s

M
SA

M
ea

n 
C

ou
nt

 o
f 

M
SA

 S
ST

I 
H

os
pi

ta
liz

at
io

n
H

os
pi

ta
l S

D
M

ea
n 

C
ou

nt
 o

f 
Si

gn
at

ur
e 

Sa
m

pl
es

 p
er

 Y
ea

r
Si

gn
at

ur
e 

SD
M

ea
n 

P
er

ce
nt

 M
ex

ic
an

 S
am

pl
es

M
ex

ic
an

 S
D

A
lb

uq
ue

rq
ue

-
-

5.
88

5
93

.3
9

14
.8

6

A
tla

nt
a

-
-

28
.8

8
8.

92
4.

66
9.

49

B
al

tim
or

e
10

.4
7

6.
33

39
.5

15
.1

5
0.

66
1.

44

B
os

to
n

13
.7

1
3.

72
41

.5
6

9.
83

0.
7

1.
45

B
ri

dg
ep

or
t

3.
24

0.
97

5.
25

5.
47

0
0

C
hi

ca
go

27
.5

3
8.

62
51

.7
5

12
.3

6
8.

65
6.

19

D
al

la
s

-
-

27
.3

8
13

.9
8

84
.9

14
.9

7

D
en

ve
r

4.
94

0.
97

34
6.

76
99

.1
8

2.
52

D
et

ro
it

-
-

38
.7

1
16

.2
9

2.
65

3.
05

E
l P

as
o

-
-

12
.5

6
7.

41
71

.8
8

18
.7

4

H
ou

st
on

-
-

38
.6

2
7.

23
80

.8
1

8.
96

L
os

 A
ng

el
es

39
.5

3
3.

61
53

.1
2

12
.6

7
85

.0
5

16
.2

M
ia

m
i

8.
24

3.
85

19
6

10
8.

05
0.

74
1.

12

M
ilw

au
ke

e
9.

59
5.

33
2.

25
3.

07
0

0

N
ew

 O
rl

ea
ns

-
-

25
.6

9
14

.1
2

2.
33

4.
75

N
ew

 Y
or

k
16

.7
1

2.
26

27
2.

5
68

.2
3

0.
33

0.
66

N
ew

ar
k

3.
82

1.
24

70
.9

4
16

.6
1

0.
33

0.
76

O
rl

an
do

3.
53

1.
97

30
.9

3
18

.0
1

0.
59

1.
29

Ph
ila

de
lp

hi
a

12
.7

1
6.

11
50

.4
4

11
.4

5
1.

89
3.

12

Ph
oe

ni
x

6.
18

1.
94

38
.5

6
8.

07
99

.6
9

0.
87

Po
rt

la
nd

3.
94

1.
30

7.
38

6.
76

96
.9

9
7.

09

Sa
n 

A
nt

on
io

-
-

10
.6

2
9.

16
86

.6
2

27
.2

8

Sa
n 

D
ie

go
4.

71
2.

02
67

.6
9

14
.0

7
96

.1
9

3.
31

Sa
n 

Fr
an

ci
sc

o
15

.0
6

2.
11

41
14

.7
6

91
.6

7
12

.6
5

Se
at

tle
5.

76
1.

20
37

.4
4

10
.5

9
97

.3
4

5.
02

St
. L

ou
is

8.
94

4.
25

29
.4

4
8.

04
76

.4
4

29
.4

2

W
as

hi
ng

to
n,

 D
C

5.
94

1.
82

44
.3

1
17

.9
9

1.
71

2.
29

Drug Alcohol Depend. Author manuscript; available in PMC 2017 June 01.


	Abstract
	1. INTRODUCTION
	2. METHODS
	2.1 Sample Metropolitan Statistical Areas
	2.2 Counts of Opiate-Related Skin and Soft Tissue Injury Hospital Admissions
	2.3 Heroin Price, Purity and Source Series
	2.4 Demographic MSA Controls
	2.5 Statistical Model for Counts of O-SSTI Hospital Admissions

	3. RESULTS
	4. DISCUSSION
	4.1 Limitations
	4.2 Conclusion

	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

