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Historical trends and projected hospital admissions
for chronic hepatitis C infection in Canada:
a birth cohort analysis

Dena L. Schanzer MSc, Dana Paquette PhD, Lisa M. Lix PhD

Background: Much of the recent increase in hospital admission rates and mortality associated with hepatitis C in Canada is believed
to be because of a higher prevalence of hepatitis C virus infection among those born between 1945 and 1965 (the baby boomer gener-
ation). We explored the effects of birth cohort on the rates of and projected trends in hospital admissions associated with hepatitis C.

Methods: The hospital records of 17 344 inpatients with a diagnosis of chronic hepatitis C and liver disease, including liver cancer,
were extracted from the Canadian Discharge Abstract Database for April 2004 to March 2011. For each 5-year birth cohort from 1915
to 1984, regression analysis was used to estimate the temporal trends associated with the average age of the cohort during the study
period. Future hospital admissions were predicted based on the assumption that past trends would continue.

Results: Hospital admissions associated with hepatitis C and liver disease increased an average of 6.0% (95% confidence interval
[Cl] 4.4%—7.7%) a year over the study period. As of 2010, hospital admission rates were highest for the 1950-1954 and 1955-1959
birth cohorts, at 17.6 (95% CIl 13.2-23.5) and 13.7 (95% CI 10.3—18.2) times the rate for the 1970-1974 birth cohort. The correspond-
ing same-age rate ratios predicted under a status quo scenario were 3.6 (95% Cl 2.3-4.9) and 3.4 (95% CI 2.1-4.7). Same-age rate
ratios were significantly higher for the four 5-year birth cohorts between 1950 and 1969 compared with other birth cohorts.

Interpretation: Hospital admissions associated with chronic hepatitis C and liver disease were significantly higher for the 1950-1954
and 1955-1959 birth cohorts than for most other birth cohorts. Without further interventions, the disease burden associated with
hepatitis C will continue to increase for most birth cohorts, likely peaking after age 70 years. The substantial disease burden emerging
in younger birth cohorts should be monitored

n August 2012, the US Centers for Disease Control and

Prevention released recommendations to expand

screening for hepatitis C virus (HCV) infection to
include a 1-time blood test for anyone born between 1945
and 1965 (i.e., the baby boomer generation). This recom-
mendation was based in part on estimates that this cohort
accounts for three-quarters of all hepatitis C cases in the
United States.! Furthermore, of the estimated 4.3% of the
population born in the 1950s who were infected, 50% were
unaware of their status.”” Currently in Canada, screening
recommendations for HCV are based on an individual
assessment of risk rather than the patient’s age or year of
birth.* The Canadian Health Measures Survey, a nationally
representative household survey, estimated the seropreva-
lence of HCV for 2007-2011 to be 0.5% (95% confidence
interval [CI] 0.3%-0.9%), with only 30% of those people
(95% CI 16%—-51%) aware of their infection. Prevalence was
elevated among those aged 50-79 years compared with those
aged 14-49 years.” Similar to other household surveys, the
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Canadian Health Measures Survey does not include the
homeless or prison populations, in which the prevalence of
HCV infection is considerably higher.

Hepatitis C has resulted in a considerable morbidity and
mortality burden in Canada.”* Based on health-adjusted life-
years, a composite measure of premature mortality and reduced
functioning because of disease, hepatitis C accounts for the
largest proportion of disease burden among 51 infectious dis-
eases in Ontario.” A study in British Columbia found signifi-
cantly elevated standardized mortality ratios for liver- and drug-
related causes of death as well as for all-cause mortality among
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people who had tested positive for HCV compared with those
who had tested negative."

The natural history of hepatitis C is only partly under-
stood, and the progression to liver cirrhosis is variable."™ A
small portion of people, estimated at 15% by the American
National Health and Nutrition Examination Survey," clear
their infection. For others, symptoms of chronic infection
often emerge 20 years or more after the initial infection. Dis-
ease progression from fibrosis to cirrhosis and hepatocellular
carcinoma is not linear over time; rather, the rate of progres-
sion is related to many factors, including time since infection,
age and alcohol consumption.' ™"

Substantial increases in liver-related hospital admissions
and mortality rates in Canada® have been attributed to hepati-
tis C; however, trends by birth cohort have not been described
previously. We explored the effect of birth cohort on trends in
hospital admissions associated with hepatitis C and liver dis-
ease, predicted future lifetime hospital admissions by 5-year
birth cohort and compared hospital admission rates for differ-
ent birth cohorts.

Sources of data

We extracted hospital discharge records for patients admitted
to an acute care hospital with a diagnosis of chronic hepatitis
C from Apr. 1, 2004, to Mar. 31, 2011 from the Canadian
Institute for Health Information patient-specific Discharge
Abstract Database.” We chose this timeframe because it was a
period when all provinces participating in the database used
the Canadian version of the International Statistical Classifi-
cation of Diseases and Related Health Problems, 10th revision
(ICD-10-CA) for diagnostic coding. Because the province of
Quebec does not participate in the Discharge Abstract Data-
base, the database includes about 75% of all acute care hospi-
tal discharges in Canada.

We stratified the 38 901 hospital admissions by 5-year
birth cohort from 1915 to 1984, by fiscal year of discharge
(from Apr. 1 to Mar. 31 of the following calendar year), by dis-
charge status (alive or dead) and by the presence of a co-diag-
nosis of liver disease (ICD-10-CA codes K70-K77, R18),
including hepatic carcinoma (ICD-10-CA code C22). Hospi-
tal admissions associated with chronic hepatitis C were identi-
fied by the ICD-10-CA code B18.2. Population denominators
for rate calculations were obtained from Statistics Canada’s
population projections, medium growth scenario M1.15 The
M1 projection is the standard growth scenario that best
reflects past trends.

Statistical analysis

We used a regression model to estimate trends in the number
of hospital admissions associated with hepatitis C and liver
disease for each 5-year birth cohort from 1915-1919 to 1980—
1984 over the 7-year study period (Apr. 1, 2004, to Mar. 31,
2011), and then associated these trends with the average age
of the cohort. Although many factors likely influenced these
trends, we assumed that the age-related effects of an HCV
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infection were the main factor over the study period. The esti-
mated age-specific trends were interpolated to each single
year of age and were used to project the burden of hospital
admissions for each cohort until age 90. Because reducing the
near-term burden is an urgent public health concern, we cal-
culated rate ratios for the last year of data (2010/11) and for
predictions over the next 5, 10 and 20 years to identify the
birth cohorts with the highest burden of hepatitis C-related
hospital admissions. The same-age rate ratios (ratio of the
projected hospital admission rate for 2 birth cohorts at age 75)
calculated from this status quo projection provide a measure
of the relative lifetime burden likely associated with underly-
ing differences in prevalence. The future lifetime hospital
admission rates provide another point of view and are a com-
ponent used in cost-effectiveness analyses, although this study
design only provides a status quo estimate. Confidence inter-
vals were derived from the regression model. Additional
methodologic details are available in Appendix 1, available at
www.cmajopen.ca/content/2/3/E139/suppl/DCI.

The number of hospital admissions associated with chronic
hepatitis C increased from 4700 in 2004/05 to 6400 in
2010/11, a rate of 4.1% (95% CI 2.8%-5.3%) per year. Of the
38 901 admissions associated with chronic hepatitis C, 44.6%
(17 344) had a codiagnosis of liver disease; this proportion
increased with increasing age, from 4.6% among patients
under 30 years of age to 60.6% among patients 65 years of
age or older. Hospital admissions associated with hepatitis C
and liver disease increased at a rate of 6.0% (95% CI 4.4%—
7.7%) per year. Although not specific to hepatitis C, alcoholic
liver disease ICD-10-CA code K70) accounted for 24.3% of
the admissions and liver cancer another 10.7%. The fatality
rate increased with increasing age, from 10.8% among
patients under 30 years of age to 19.4% among patients 65
years of age or older. The baby boom cohorts (1945-1964)
accounted for 74.1% of all hospital admissions in 2010/11.
Although hospital admission rates were lower in the younger
cohorts, by the end of the study period, the number of hospi-
tal admissions among the 1965-1969 birth cohort had already
increased to levels seen 5 years earlier in the 1960-1964 birth
cohort (Figure 1).

Trends

We found statistically significant increases in the number of
hospital admissions associated with hepatitis C and liver dis-
ease over the study period for the six 5-year birth cohorts cor-
responding to people born from 1950 to 1979, an approxi-
mate age range of 25-60 years (Table 1). For the 1920-1924
and 1925-1929 birth cohorts, the number of hospital admis-
sions declined significantly. The rate of increase was highest at
about 30 years of age (Table 1).

Projections
Applying these estimated trends to the historical hospital
admission data produced projections based on the status quo



that suggest the 1950-1954 and 1955-1959 birth
cohorts will continue to experience the highest
number of annual hospital admissions well past
2020 (Figure 2A). The number of annual hospital
admissions is projected to peak around age 70-80
(Figure 2B). The 6.0% (95% CI 4.1%-7.9%)
annual increase observed over the study period for
all birth cohorts combined (1915-1984) is projected
to decline to 2.5% per year by 2020 and eventually
plateau about 10 years later.

Rate ratios

Over the next 10 years, the rate of admission to
hospital for the 1950-1954 and 1955-1959 cohorts
is predicted to remain high at 10.7 (95% CI 6.7-
14.7) and 9.1 (95% CI 5.8-12.4) times that of the
1970-1974 cohort (Table 2). The model suggests
that the rates associated with hepatitis C and liver
disease for the 19501954 cohort will be about 3.6
(95% CI 2.3-4.9) times higher than the rate for the
1970-1974 cohort at the same age, whereas the
estimated ratio for the future lifetime hospital
admission burden is slightly lower at 2.4 (95% CI
1.5-3.4) times the 1970-1974 cohort rate. Although
the disease burden for both 1960s cohorts is cur-
rently lower than that of the two 1950s cohorts, the
future lifetime burden is predicted to be similar for
all four birth cohorts. It is uncertain whether the
decline in same-age rate ratios seen in successive
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Figure 1: Annual hospital admissions associated with chronic hepatitis C and liver
disease by 5-year birth cohort in Canada, excluding Quebec, from 2004/05 to
2010/11. For each cohort, the 7 data points (for each year of the study), represent-
ing average age at time of admission, have been joined to create curves showing
the number of admissions by age for a single birth cohort. Combined, the cohort
curves indicate the trend in hospital admissions by age (i.e., increasing from age
25 to 55 and decreasing from age 80 onward). For successive birth cohorts, there
is an overlap of 2 data points. Vertical spaces between the cohort-specific series
at the same age indicate a cohort effect attributed to different levels of exposure to
hepatitis C virus as well as differences in the availability of treatments.

Table 1: Rates of hospital admission associated with chronic hepatitis C and liver disease and average annual percentage
change from 2004/05 to 2010/11 by birth cohort in Canada, excluding Quebec
Admission rate in Average annual
No. of hospital 2010/11, no. per percentage change from

Average admissions in 2010 population, 100 000 2004/05 to 2010/11, % Trend
Birth cohort age, yr 2010/11 thousands (95% CI)* (95% ClIy* p value
1915-19 89 8 100 8.9 (4.8 t0 16.6) -6.8 (-20.9t0 9.4) 0.4
192024 83 19 288 6.7 (4.5t0 10.1) -13.9 (-22.0 to -5.1) 0.003
1925-29 79 58 481 12.4 (9.8 t0 15.8) -6.6 (-12.3t0 -0.6) 0.03
1930-34 74 126 657 17.1 (14.2 to 20.6) 3.5(-1.91t09.1) 0.2
1935-39 69 103 796 14.9 (12.5t0 17.8) 1.1(-3.9t06.2) 0.7
194044 64 178 1030 16.4 (14.1 to 19.1) 1.6 (-2.6105.9) 0.5
1945-49 59 340 1403 24.4 (21.91t027.1) 2.2 (-0.8105.3) 0.2
1950-54 54 808 1666 48.2 (45.0t0 51.8) 6.6 (4.4t08.9) < 0.001
1955-59 50 733 1948 36.5 (33.9 t0 39.4) 8.9 (6.5t011.4) < 0.001
1960-64 45 331 2142 15.8 (14.21t0 17.7) 11.5 (7.7t0 15.4) < 0.001
1965-69 40 183 1933 9.1 (7.81t0 10.6) 12.7 (7.4to0 18.4) < 0.001
1970-74 35 50 1817 2.6 (1.910 3.5) 10.1 (0.7 to 20.6) 0.04
1975-79 30 32 1753 1.6 (1.0to 2.4) 33.6 (14.310 57.8) < 0.001
1980-84 25 7 1835 0.4 (0.21t0 0.9) 25.0 (-5.1 10 69.3) 0.1
All 55 2976 17 848 16.5 (15.9t0 17.1) 6.0 (4.1t07.9) < 0.001
Note: Cl = confidence interval.
*Results are from the regression model.
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S-year birth cohorts from 1955-1959 to 1970-1974 will con-
tinue with younger cohorts, although the future lifetime bur-
den for people born after 1970 is possibly elevated compared
with those born before 1944 (Table 2, same-age rate ratios
and confidence intervals).

Hospital admissions associated with chronic hepatitis C and
liver disease were significantly elevated for the 1950-1954 and
1955-1959 birth cohorts compared with most other birth
cohorts. Without further interventions, we expect hospital
admissions for these cohorts to continue to increase and peak
at about 1.5 times the 2010/11 rate in about 2025-2030.
Although the projected hospital admission rates among those
born in the 1960s are lower than the projected rates for those
born in the 1950s at similar ages, the potential to reduce the
disease burden over a longer life span in younger cohorts sug-
gests that the 1960s cohorts could also benefit from earlier
detection and treatment to stop disease progression. It is too
early to assess fully the relative hepatitis C burden for those
born after 1974, because the number of hospital admissions
associated with liver disease was still small as of 2010/11.
However, this analysis suggests that continued monitoring of
these younger birth cohorts would be appropriate.

The rate of annual increase in hospital admissions over the
study period is considerably less than earlier estimates of 15%
to 30%.%' The higher rates of increase found in the earlier
studies are similar to those estimated in this study for people
aged 30-45 (Table 1), an age range that corresponds to the age
of people born in the 1950s and 1960s in the earlier studies. In
contrast to the increase in hospital admission rates, the number

of new hepatitis C diagnoses has been declining in recent years
for most birth cohorts over the age of 30.""

Our estimates of age-specific rates of increase in hospital
admissions are in close agreement with trends in the number
of hepatitis C patients with advanced liver disease estimated in
a large study of Medicare claims that used birth cohorts to
assess age-specific trends.” In other studies of smaller cohorts,
disease progression rates varied depending on the characteris-
tics of the cohorts studied.""** One difference is noted: we
did not detect a statistically significant decline in the number
of hospital admissions until age 80, whereas Zalesak and col-
leagues®” found that the number of patients with hepatitis C
and severe liver disease who were born before 1945 had
already started to decline in 2008 (at age 64 and older).

Because Canadian estimates of hepatitis C prevalence are
not yet available for specific birth cohorts, same-age rate
ratios were calculated to compare the likely cohort effect in
Canada with the situation in the US. Estimates from the
American National Health and Nutrition Examination Survey
found that people born in the 1950s had the highest anti-
HCV prevalence at 4.3 times that of people born in the
1970s.” In comparison, our model estimating same-age rate
ratios suggests that the hepatitis C disease burden among
Canadians born in the 1950s is likely 3.5 times that of Canadi-
ans born from 1970 to 1974. However, the Canadian esti-
mates of anti-HCV household prevalence from the Canadian
Health Measures Survey are lower than the US estimate by a
factor of 3 (0.5% v. 1.6%).”’ If we use our same-age rate ratios
to prorate the Canadian Health Measures Survey estimate,’
the results suggest an anti-HCV Canadian household preva-
lence of about 1.1% for people born in the 1950s and 0.5%
and 0.3% for Canadians born in 1945-1949 and 1970-1974,
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Figure 2: Projection of annual hospital admissions associated with chronic hepatitis C and liver disease based on current trends. The 1970-1974
birth cohort (red line) was used as reference for the calculation of rate ratios. (A) Projections are plotted against calendar year. (B) Projections are
plotted against the average age of the birth cohort. Rate ratios calculated for the same age (age 75 was used for the calculations) are a measure
of the relative burden and are closely related to the relative hepatitis C prevalence. Future lifetime hospital admissions were calculated as the

area under the curve from 2011/12 to age 90.
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respectively. However, household prevalence is considered an
underestimate of the national prevalence, because groups such
as the homeless and prison inmates, who are at high risk of
hepatitis C, are not included in the household surveys.

Limitations

The primary limitation of this study is that we assumed the
main driver of the birth-cohort-specific trends was age; we
could not account for the effects of other factors, such as time
since infection, lifestyles associated with various routes of
transmission and immigration. Age may be a good indicator of
time since infection in younger birth cohorts for whom injec-
tion drug use is considered the primary risk factor for HCV
infection. However, the relation between age and time since
infection may be quite different for older birth cohorts for
whom blood transfusion, blood products or organ transplant
before 1992 are recognized sources of infection in Canada.*

OPEN

Later age at acquisition of hepatitis C has been associated
with a greater prevalence of cirrhosis 20 years later and with
faster rates of progression to cirrhosis.”””' Injection drug use is
also associated with a higher risk of death from other causes."
As a result, the disease burden for people born after 1950 may
peak somewhat earlier and decline faster than suggested by
our data (Figure 2).

Improvements in treatment options over the study period
likely influenced the historical trends, and further improve-
ment in this area or the development of drug resistance could
alter the future disease burden substantially. Patients in whom
hepatitis C was diagnosed over the study period contributed
to the historical trends if they were admitted to hospital for a
liver disease, and screening for hepatitis C may lead to diag-
nosis at an earlier stage of the disease. These additional
sources of uncertainty were not included in our estimated
confidence intervals; better treatments should reduce hospital

Table 2: Average projected rates of hospital admission associated with chronic hepatitis C and liver disease by birth cohort in
Canada, excluding Quebec, compared with the 1970-1974 cohort*
Average projected admission rate as a ratio of the 1970—-1974 cohort rate (95% ClI)
5-yr 10-yr Until age
End of study 1-yr projection projection 90
period projection (2011/12— (2011/12— Same- (from
Birth cohort (2010/11) (2011/12) 2015/16) 2015/16 2020/21) 2020/21 aget 2011/12)
1915-1919 2.9 2.7 - - - - - -
(1.4-6.1) (0.9-4.5)
1920-1924 2.4 2.1 1.6 1.2 - - - -
(1.4-4.1) (1.5-2.8) (0.5-2.7) (0-2.3)
1925-1929 4.4 3.7 2.4 1.6 1.6 0.8 - -
(3.0-6.4) (2.3-5.2) (1.3-3.6) (0.6-2.7) (0.5-2.6) (0-2.1)
1930-1934 7.0 6.1 3.5 2.2 2.0 0.8 - 0.2
(5.0-9.7) (3.8-8.3) (2.0-5.0) (1.0-3.4) (1.0-3.0) (0.2-1.4) (0.1-0.3)
1935-1939 4.7 5.8 4.1 3.1 2.6 1.1 0.8 0.3
(3.4-6.6) (3.4-8.2) (2.6-5.7) (1.8-4.5) (1.5-3.7) (0.4-1.8) (0.4-12)  (0.1-0.4)
1940-1944 6.3 6.0 4.7 3.9 3.5 2.3 1.0 0.5
(4.6-8.6) (4.3-7.8) (3.0-6.4) (2.3-5.6) (2.1-5.0) (1.1-3.4) (0.5-1.5) (0.2-0.7)
1945-1949 8.8 9.3 6.9 5.7 5.3 3.8 1.6 0.9
(6.5-11.8) (6.2-12.4) (4.5-9.4) (3.5-8.0) (3.2-7.4) (2.0-5.6) (0.9-2.3) (0.5-1.4)
1950-1954 17.6 17.8 14.0 11.7 10.7 7.5 3.6 2.4
(13.2-23.5) (10.9-24.7) (9.3-18.6) (7.3-16.0) (6.7-14.7) (4.0-10.9) (2.3-4.9) (1.5-3.4)
1955-1959 13.7 13.9 11.5 10.0 9.1 6.6 3.4 2.6
(10.3-18.2) (9.7-18.1) (7.7-15.3) (6.3-13.6) (5.8-12.4) (3.7-9.4) (2.1-4.7) (1.6-3.6)
1960-1964 5.6 6.2 5.6 5.2 4.8 3.8 2.2 1.9
(4.2-7.6) (4.5-7.9) (3.7-7.5) (3.2-7.1) (3.0-6.6) (2.2-5.5) (1.4-3.1) (1.2-2.6)
1965-1969 3.4 3.7 3.4 3.3 3.2 3.0 2.1 1.9
(2.5-4.7) (2.5-5.0) (2.2-4.6) (2.1-4.6) (2.0-4.4) (1.8-4.1) (1.3-2.8) (1.2-2.6)
1970-1974* - - - - - - - -
1975-1979 0.7 0.7 0.6 0.6 0.6 0.6 1.1 1.1
(0.4-1.0) (0.4-1.0) (0.3-1.0) (0.2-1.0) (0.2-1.0) (0.2-1.1) (0.4-1.8) (0.4-1.8)
1980-1984 0.1 0.1 0.3 0.3 0.3 0.3 0.7 1.0
(0.1-0.3) (0-0.3) (0-0.6) (0-0.8) (0-0.7) (0-0.8) (0-1.5) (0-2.5)
Note: Cl = confidence interval.
*The number of annual hospital admissions was too small to use either the oldest or youngest birth cohort as a reference. The 1970-1974 birth cohort was selected to be
the reference group and to allow comparison of prevalence ratios with the same age group used in the development of the US Centers for Disease Control and Prevention
guidelines.
tSame-age rate ratios were calculated at age 75.
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admission rates to levels below our status quo estimates, per-
haps as soon as 2015.

Our study design was limited to assessing the hospital bur-
den and not the full morbidity of people with advanced liver
disease. Because we did not attempt to correct for data quality
or potential misclassifications (e.g., alcoholic liver disease or
liver cancer in people with hepatitis C that was not due to
hepatitis, or the omission of a hepatitis C diagnosis in the
electronic record), the number of admissions associated with
hepatitis C and liver disease has been interpreted as a measure
of the relative disease burden. Because data for Quebec were
not available for the full study period owing to the province’s
late conversion to ICD-10-CA coding, this study is not
national in scope.

Despite these limitations, by following hospital admission
records from an administrative database by birth cohort, we
have provided insight into the birth cohort effects of hepatitis
C not currently available from other sources in Canada, and
our results appear to be in reasonable agreement with esti-
mates from other studies. Information from this study is only
one component leading to the development of screening rec-
ommendations. Other information, such as other sources of
epidemiologic data on hepatitis C, patient and provider values
and preferences, acceptability of the intervention and cost-
effectiveness estimates must also be considered.

Conclusion

Our analysis showed an increasing hospital admission burden
arising from liver disease associated with hepatitis C between
2004/05 and 2010/11. The disease burden for the 1950-1954
and 1955-1959 birth cohorts is especially high and will con-
tinue to be noticeably elevated over many years without addi-
tional intervention. The potendal to reduce the disease bur-
den over a longer life span in younger cohorts suggests that
earlier detection and treatment should be considered for
younger birth cohorts as well.
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