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Abstract
Objectives—Prevalence estimates for several liver cancer risk factors–hepatitis C, hepatitis B, and
history of alcohol abuse–are substantially higher in U.S. prison populations than in the general
population. However, liver cancer mortality data from these populations are lacking. The primary
aims of this study were to examine trends in liver cancer mortality rates from 1992 to 2003 among
male prisoners in the Texas Department of Criminal Justice (TDCJ) and to compare these rates to
general population rates.

Methods—TDCJ data on male decedents (N = 4026) were linked with Texas Vital Statistics
multiple-cause-of-death data. Crude average annual liver cancer death rates, average annual percent
changes, and standardized mortality ratios were estimated.

Results—Crude liver cancer death rates increased by an average annual 6.1% among male
prisoners, which was considerably higher than the average annual percent change among similarly
aged males in Texas (2.0%) and the U.S. (2.9%). The number of liver cancer deaths among male
prisoners was 4.7 (4.0–5.6) and 6.3 (5.3–7.5) times higher than the expected number of deaths
estimated using age-specific rates from these reference populations.

Conclusions—From 1992 to 2003, liver cancer death rates and rate increases were elevated among
Texas male prisoners. Findings support previous recommendations for targeted prevention,
screening, and treatment of liver cancer risk factors in prison populations.

Keywords
Liver diseases; Cancer; Malignancies; Hepatitis; Prison; Incarceration; Time trend

Introduction
Liver cancer incidence and mortality rates have increased steadily in the United States over
the last two decades, largely as a result of increases in the prevalence of chronic hepatitis C
virus (HCV) infection and its sequelae (McGlynn et al., 2006; El-Serag et al., 2003). The U.S.
HCV epidemic began in the 1960s and peaked in the 1980s, during which the prevalence of
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HCV risk factors such as injection drug use, needle sharing, and high-risk sexual behavior
increased (El-Serag et al., 2000, 2003). These risk factors and, consequently, HCV infections
are highly prevalent in U.S. prison populations, with prevalence estimates of HCV infection
in U.S. prison populations have ranged from 10-times to more than 20-times that of the general,
non-institutionalized U.S. population (Ruiz et al., 2002; Baillargeon et al., 2003; Macalino et
al., 2004; Alter et al., 1999; Armstrong et al., 2006). Hepatitis B virus (HBV) infection and
history of alcohol abuse–both of which are risk factors for liver cancer–are also highly prevalent
in prison populations (Macalino et al., 2004; Fazel et al., 2006). Recent studies have suggested
that liver cancer mortality may be elevated in prison populations compared to the general
population (Baillargeon et al., 2009; Mathew et al., 2005), but no published studies have
examined how liver cancer mortality rates have changed over time in this population or how
these rates compare to rates from the general population. The aims of this study were to examine
trends in liver cancer mortality rates from 1992 through 2003 among male prisoners in custody
of the Texas Department of Criminal Justice (TDCJ), one of the nation’s largest state prison
system (Pew Center on the States, 2008), and to compare these rates to state and national rates.
In the context of a prison population that exceeds 2.2 million and that continues to grow and
to age (Sabol et al., 2007; Mitka, 2004), reliable data describing trends in liver cancer mortality
may provide vital information for correctional healthcare planners and policy-makers in
assessing, predicting, and addressing the burden of liver cancer among prisoners.

Methods
Prisoner death and census data

A database containing information on all prisoners who died in TDCJ’s custody during 1992–
2003 was maintained by the director of TDCJ’s Office of Preventive Medicine. From this
database, demographic and other identifying information on decedents were extracted and
linked to a multiple-cause-of-death database obtained from the Texas Bureau of Vital Statistics.
Multiple-cause-of-death data had been drawn from death certificates, and then corrected for
common data entry errors and for certifier errors in delineating multiple causes of death
according to current selection rules (National Center for Health Statistics, 2008). Causes of
death had been recorded on the death certificate by TDCJ healthcare providers after being
ascertained by autopsy, chart reviews, narrative death summaries, and/or findings of the
Mortality Review Committee. As in non-correctional medical settings, autopsy rates declined
over the study period from ≥90% of prisoner deaths for 1989–1997 to an average of 50% for
1998–2003 (unpublished data, AJ Harzke, December 2008); however, these autopsy rates
exceeded those reported in non-correctional medical settings for the entire study period
(Shojania et al., 2003). Use of TDCJ and vital statistics data was approved by two institutional
review boards (university and state) with prisoner advocate members and subsequently
approved by TDCJ.

TDCJ Executive Services provided the data for calculating the average prisoner census, which
was used as the denominator for calculating annual death rates. TDCJ Executive Services takes
a “snapshot” census of the in-custody population on the last day of each month. For each year,
the average of the 12 monthly “snapshot” censuses for males within each stratum (race/
ethnicity by 10-year age categories) was calculated.

Data linkage
Six personal identifiers (first, middle, and last names, race/ethnicity, dates of birth and death)
representing 10 separate codes were used to link the TDCJ decedent data with the multiple-
cause-of-death data. A successful link required a 90% match(9 of 10 codes). Of the total number
of prisoner deaths recorded in the TDCJ database (N = 4423), 98% (N = 4343) were successfully
linked with the state multiple-cause-of-death data.
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Dependent variables
Prisoner deaths for which liver cancer, HCV, HBV, or chronic liver disease/cirrhosis (CLD)
was indicated as the underlying cause of death were identified. ICD-9 and ICD-10 codes were:
liver cancer = 155.0–155.2, C22.0, C22.2, C22.9; HCV = 070.4, 70.5, B17.1, B18.2; HBV =
070.2–070.3, B16.0–16.9, B18.0–B18.1; CLD = 571.0–571.3, 571.8, 571.9, K70.09, K74.6.
Liver cancer included primary liver cancer, intrahepatic bile duct cancer, and unspecified liver
cancer. Deaths with liver cancer identified as the underlying cause of death are referred to as
“liver cancer deaths” or as deaths “due to liver cancer.” HCV, HBV, and CLD deaths were
considered “liver cancer related” if liver cancer was identified as an intervening or contributing
cause of death. CLD deaths were not further delineated according to whether or not they were
alcohol-related. Preliminaryanalyses indicated that, from 1999 to 2003, nearly all CLD deaths
were unspecified with respect to alcohol use. This limitation in the data may have resulted from
the change from ICD-9 to ICD-10 codes in 1999.

Statistical analyses
Because very few prisoner deaths due to liver cancer occurred among females (N = 15) or
outside the age range of 25–84 years (N = 2), analyses were limited to male prisoners who were
25–84 years of age, N = 4026. Counts and proportions of deaths due to liver cancer and other
causes were calculated by categories of race–ethnicity, age, and year of death (SPSS 16.0,
2007). Age- and race-specific average annual liver cancer death rates with exact Poisson 95%
confidence intervals (Ulm, 1990) were estimated (StatsDirect Statistical Software 2.7.2,
StatsDirect Ltd., 2008). These rates were not further stratified by year of death, as this would
have resulted in a large number of strata with 0 or very few deaths.

For deaths with liver cancer indicated as the underlying cause, Poisson regression models on
a log normal scale were used to describe trends in crude annual death rates and to calculate an
average annual percent change (AAPC) with 95% confidence intervals (Joinpoint 3.3, National
Cancer Institute/Statistical Research and Applications, 2008). Average annual death rates for
3-year periods per 100,000 population along with 95% exact Poisson confidence intervals were
estimated (Ulm, 1990). Average annual death rates were age-standardized using the indirect
method and standardized mortality ratios (SMRs) were estimated (StatsDirect Statistical
Software 2.7.2, StatsDirect Ltd., 2008). The reference populations were similarly aged males
in Texas and the U.S. Age-specific death rates (10-year categories) for reference populations
were obtained through CDC WONDER (United States Department of Health and Human
Services, 2008). Because of a lack of age- and race-specific mortality data and because of small
numbers of observed deaths when stratified by both age, race, and year of death, SMRs were
not race-standardized and were based on 3-year average annual rates rather than annual rates.

Additionally, to allow for a more complete accounting of liver cancer related mortality, the
proportion of HCV, HBV, and CLD, deaths that were liver cancer related was calculated. Also,
to gain a better understanding of the contribution of these risk factors to liver cancer mortality
in this population, we calculated the proportion of liver cancer deaths for which HCV, HBV,
or CLD was identified as intervening or contributing cause of death (SPSS 16.0, 2007).

Results
From 1992 to 2003, the size of the prison population grew substantially, while the proportions
of older prisoners increased. The average daily census of TDCJ male prisoners, aged 25–84
years, nearly tripled over the study period, growing from 40,994 to 117,147 prisoners. The
proportion of prisoners aged 35–54 years increased from 42% of the prison population in 1992
to 56% in 2003, and prisoners aged 55–84 years from 3% in 1992 to 6% in 2003. Changes in
the distribution of the population across categories of race–ethnicity were fairly modest, with
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the proportion of Hispanic prisoners increasing from 24% to 28% and the proportion of Black
prisoners declining from 47% to 40%. Over the study period, the annual number of deaths grew
steadily from 170 deaths in 1992 to peak at 452 deaths in 2000, and then declined to 360 deaths
in 2003. However, the annual all-cause death rate remained fairly stable during the study period,
ranging from 0.3% to 0.4% [data not shown].

Liver cancer was identified as the underlying cause of death for more than 3% of prisoner
deaths (134/4026) and was recorded as an intervening or contributing cause for an additional
26 deaths, including 8.6% of HCV deaths (11/128) and 4.4% of CLD deaths (9/203). No HBV
deaths were considered liver cancer related. Notably, of deaths for which liver cancer was
identified as the underlying cause, HCV was identified as an intervening or contributing cause
of death for 32% (43/134), CLD for 29% (39/134), and HBV for 4% (6/134) [data not shown].

Liver cancer deaths were distributed across categories of race–ethnicity, age, and year of death
in a manner that differed from deaths due to other causes (Table 1). Seventy percent of liver
cancer deaths occurred in the latter half of the study period, while slightly more than half of
deaths due to other causes occurred during the same period. Compared to other causes of death,
greater proportions of liver cancer deaths occurred among Hispanic prisoners and older
prisoners (≥45 years). Similarly, age- and race-specific average annual liver cancer death rates
were generally higher among older prisoners and Hispanic prisoners (Table 2).

The crude average annual liver cancer death rate per 100,000 was 11.8 (9.9–14.0) for the study
period, increasing from 7.0 (3.5–12.5) in 1992–1994 to 15.6 (11.8–20.4) in 2001–2003 (Table
3). From 1992 to 2003, crude liver cancer death rates increased by an average annual 6.1%
among male Texas prisoners, which was considerably higher than the average annual percent
change among similarly aged males in Texas and the U.S., which were 2.0% and 2.9%,
respectively (Fig. 1). SMRs indicated that liver cancer deaths among male prisoners were 4.7
(4.0–5.6) and 6.3 (5.3–7.5) times higher than the expected number of deaths estimated using
age-specific rates from these reference populations (Table 3).

Discussion
These data reveal a substantial and growing burden of liver cancer related deaths among male
prisoners in Texas. From 1992 to 2003, the average annual percent change in crude liver cancer
death rates was higher in this prison population than among similarly aged males in Texas and
the U.S., suggesting that these rates increased more rapidly in the prison population than in the
reference populations. Age-standardized average annual crude liver cancer death rates were
also considerably higher in this prison population compared to these reference populations.

The relatively high liver cancer mortality rates among male prisoners estimated in our study
reflect the high prevalence of liver cancer in the Texas prison population found in other recent
studies (Mathew et al., 2005; Baillargeon et al., 2009). In the U.S. population overall, the 5-
year survival for liver cancer is a rather low 10% (American Cancer Society, 2009). The high
prevalence of liver cancer morbidity and mortality in this population is likely due largely to a
higher prevalence of HBV and HCV infections and history of alcohol abuse or dependence.
During the study period, HCV seroprevalence estimates in prisoner samples ranged from 23.1%
to 41.0% (Ruiz et al., 2002; Baillargeon et al., 2003; Macalino et al., 2004), while general
population estimates ranged from 1.6% to 1.8% (Alter et al., 1999; Armstrong et al., 2006).
HBV seroprevalence estimates ranged from 18% to 30% in prisoner samples (CDC, 2004;
Solomon et al., 2004), while averaging about 5% in the general population. Notably, HBV or
HCV was a causal factor in 37% of liver cancer deaths in our sample during the study period.
Alcohol abuse may be particularly important in this prison population, because male inmates
in Texas show higher rates of alcohol abuse or dependence than male inmates in other states
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(Fazel et al., 2006). About 30% of newly admitted male inmates in Texas meet diagnostic
criteria for alcohol abuse or dependence (McClellan et al., 1997), as compared to the prevalence
of alcohol abuse or dependence in the general population, which ranges from 3.8% to 5.5%
(Caetano and Tam, 1995; Grant et al., 2004). Moreover, CLD was identified as a causal factor
in 29% of liver cancer deaths in this sample.

Apparent increases in liver cancer mortality over time similarly reflect increases in the
incidence of liver cancer in the Texas prison population (Mathew et al., 2005). The increase
in liver cancer can be explained, in part, by an increase in HBV or HCV infections over the
study period, as the incidence of the diagnosis of these conditions increased sharply in the late
1999s (unpublished data, Harzke, 2009). The increase in liver cancer may also be explained
by demographic shifts in the study population over time. The proportion of Hispanic prisoners,
among whom higher rates of liver cancer have been shown (Baillargeon et al., 2009), increased
slightly over the study period. Conversely, the proportion of Black prisoners, among whom
lower liver cancer rates have been demonstrated (Baillargeon et al., 2009), decreased
moderately over the study period. The proportion of older inmates increased substantially in
the study population over the study period–due primarily to longer prison sentences (Beck and
Mumola, 1999) and an aging prison population (Sabol et al., 2007; Mitka, 2004)–and this may
play a key role in explaining the increase in liver cancer morbidity and mortality. Older inmates
with chronic hepatitis infection or histories of alcohol abuse would have experienced these risk
factors for a longer duration and, in turn, would be at increased risk for CLD and liver cancer
and decreased survival time (Mathew et al., 2005). Notably, although crude average annual
percent change values for liver cancer death rates were higher among male prisoners in Texas
compared to males in Texas and the U.S., standardized mortality ratios did not increase over
time. This could suggest that, after adjusting for age, increases in liver cancer death rates in
the prison population were similar to those in the reference populations. However, because a
number of factors can affect the magnitude of an estimated SMR, this interpretation may not
fully explain the discrepancy (Reitsma et al., 2000).

Several study limitations should be considered in interpreting findings here. Study findings
may not generalize to other male state prison populations because of variations in the
prevalence of risk factors for liver cancer across these populations (Baillargeon et al., 2003;
Macalino et al., 2004; Fox et al., 2005). For liver cancer deaths with CLD identified as a causal
factor, we were unable to examine whether CLD was alcohol-related or not because of
aforementioned limitations in the source data. However, given the prevalence of alcohol abuse
in the population, it is reasonable to assume that a large proportion of liver cancer deaths with
CLD identified as a causal factor was related to alcohol abuse—especially where viral hepatitis
was not identified as a causal factor. Confidence intervals for average annual percent change
in crude annual liver cancer death rates, crude average annual liver cancer death rates, and
SMRs were somewhat wide, reflecting a lack of precision due to the small number of annual
deaths. However, the direction of point estimates and confidence intervals for these values
support our interpretations. Finally, because our analyses were limited to prisoners who died
while incarcerated, our study reflects only a small fraction of the burden that liver cancer
morbidity places on a correctional healthcare system. In a recent study of Texas prisoners
(Baillargeon et al., 2009), about half as many Texas prisoners died from liver cancer while in
custody (N = 213) than were treated for liver cancer and released to their communities (N =
484). Moreover, in a recent North Carolina study, age-standardized liver cancer deaths among
former state inmates were 3 times that of the local non-incarcerated population (Rosen et al.,
2008).

Despite these limitations, our study is the first to use vital statistics data to assess liver cancer
as an underlying and contributing cause of mortality in a prison population. Additionally, by
using multiple-cause-of-death data, we were able to assess the contribution of HBV and HCV
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to liver cancer deaths and, conversely, the contribution of liver cancer to HBV and HCV deaths.
Our study represents an important step toward assessing the burden of liver cancer and related
conditions on a correctional healthcare system.

Specifically, our findings point to the relatively high and growing burden of liver cancer among
male prisoners. An implication of these findings is that the costs of liver cancer, as well as
other HCV-related conditions, are substantial and can be expected to increase in prison
populations if current trends continue (Tan et al., 2008; Salomon et al., 2003; Pisu et al.,
2002). The annual per case costs of hepatocellular carcinoma in prison have been estimated at
U.S. $42,255 per case (Tan et al., 2008).

To reduce the burden of liver cancer morbidity, mortality, and related costs, targeted
prevention, screening, and treatment of liver cancer risk factors in prison populations have
been recommended (Spaulding et al., 2006; Weinbaum et al., 2003). Targeted vaccination of
prisoners for HBV has been found to be cost-saving from the perspective of the U.S. healthcare
system (Pisu et al., 2002). HBV and HCV screening along with early intervention through
alcohol abstinence or interferon treatment may reduce liver cancer related morbidity, mortality,
and costs (Tan et al., 2008; Salomon et al., 2003; Pisu et al., 2002). However, policies regarding
HBV vaccination and testing and treatment for chronic HBV and HCV infections vary widely
across prison systems (Beck and Maruschak, 2004). It is possible that behavioral risk reduction
education along with substance abuse treatment may lessen alcohol use and may decrease HCV
prevalence in this population by decreasing unsafe injection drug use (Spaulding et al.,
2006). However, protocols for alcohol and substance abuse screening and treatment also vary
widely across prison systems, but generally, available programming is sufficient to serve only
a fraction of prisoners meeting the diagnostic criteria for alcohol or drug dependence (Mumola,
1999).

To determine correctional healthcare priorities and policy directions, of course, costs related
to liver cancer must be considered alongside costs associated with other causes of morbidity
and mortality in the prison population. Because state correctional healthcare systems are
typically under-funded, other public funding may be required to provide preventive and
therapeutic services that meet community standards. As prison populations continue to age and
increase in size (Sabol et al., 2007; Mitka, 2004), the growing role of correctional healthcare
systems in preventing, detecting, and treating liver cancer must be considered.

Conclusions
From 1992 through 2003, liver cancer death rates and rate increases were considerably higher
among male prisoners in Texas than among similarly aged males in Texas and the U.S. These
findings suggest that prison populations have experienced substantial increases in liver cancer
mortality and that such increases may continue. Moreover, these findings lend support to
previous recommendations for targeted prevention, screening, and treatment of liver cancer
risk factors in prison populations.
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Fig. 1.
Trends in crude annual liver cancer death rates per 100,000 among males, ages 25–84 years,
in the Texas Department of Criminal Justice (TDCJ), Texas, and the U.S., 1992–2003. Trends
are described by the average annual percent change (AAPC) with 95% exact Poisson
confidence intervals. AAPCs were based on Poisson modeled values on a log normal scale and
produced using Joinpoint 3.3.
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