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The emergence and spread of the novel in-
fluenza A (pH1N1) virus resulted in extraor-
dinary influenza activity across the United
States in 2009.1 Severe influenza infection
typically occurs in the very young, the elderly,
and those with comorbid diseases.2 However,
studies have shown epidemiological differences
between seasonal and pH1N1patients stratified
by age. The median age of hospitalized pH1N1
cases was younger than that normally seen
with seasonal influenza, with infants with
pH1N1 having the highest hospitalization
rates.3 In North America, 60% of all identified
cases were younger than 18 years.4 In one
study, hospitalized patients with confirmed or
probable pH1N1 infection ranged in age from
21 days to 86 years, but 45% of hospitalized
cases were younger than 18 years, and only
5% of cases were aged 65 years or older.5

Our previously published analysis of statewide
2009 pH1N1 epidemiological data in Massa-
chusetts suggested that there were dispropor-
tionately large numbers of hospitalized pH1N1
cases among younger age groups.6 Other work
has shown that the pH1N1 attack rates were
low in the general population, and high in
children aged 5 to 19 years, and that estimated
hospitalization and mortality rates per infection
increased significantly with age.7

The 2009 pH1N1 virus is a unique virus,
but studies have found similarities between this
pathogen and other influenza A viruses that
have circulated in the past. Serum specimens
analyzed by hemagglutination-inhibition test-
ing for the presence of antibodies against
pH1N1 found that most individuals born after
1944 lacked antibodies to the pandemic
virus.8,9 These findings suggest that previous
exposure to seasonal influenza viruses or pre-
vious influenza vaccination had conferred
some level of protective immunity against
pH1N1. Other evidence indicates that the

pH1N1 virus may have originated from the
Spanish influenza virus and its descendants,
which could explain the partial immunity
exhibited in the older population.9

Epidemiological assessments have shown
that certain age-related trends occurred during
the 2009 pH1N1 pandemic. Adults with
pH1N1-related hospitalizations had significant
complications and mortality despite being
younger than patients with seasonal influenza.10

However, statewide population-based compari-
sons of predictors of severe seasonal influenza
and pH1N1 by age strata have not been con-
ducted in the United States, and we do not yet
know how comorbidity measures compare be-
tween age strata or between influenza seasons.
To establish a baseline measure of comorbidity,
we used validated risk adjustment calculation
software, Diagnostic Cost Group (DxCG) Risk
Analysis, to calculate individual-level baseline
measures of comorbidity based on hierarchical
condition categories (HCCs).11

We calculated a risk-adjusted score for each
patient discharged from any Massachusetts
acute care hospital with influenza-like illness
(ILI) between October 1, 2008, and September
30, 2009, and compared predictors of ILI-
related intensive care unit (ICU) stay by age
strata. Specific study objectives included (1)
compare comorbidity measures by age group
for those hospitalized during the pH1N1 pan-
demic and seasonal influenza time period in
2009, and (2) compare risk factors for
ILI-related ICU stay for those hospitalized
during the pH1N1 pandemic and seasonal
influenza time period.

METHODS

We analyzed data from the Hospital Inpa-
tient Discharge Database (HIDD), which is
a population-based, patient-linked listing of all
hospital discharges in Massachusetts and in-
cludes up to 15 International Classification of
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Diseases, 9th Revision (ICD-9)---coded discharge
diagnoses for each patient.12,13 The HIDD
contains discharge data for all inpatients dis-
charged from all 76 acute care hospitals in
Massachusetts. This data source contains com-
prehensive information including sociodemo-
graphic data, clinical data, and charge data,
with a total of 377 variables. Patients met the
following inclusion criteria: (1) discharge from
any acute care hospital in Massachusetts be-
tween October 1, 2008, and September 30,
2009; (2) assigned 1 or more diagnosis codes
corresponding to a grouping of ICD-9 codes
used to identify ILI12; and (3) younger than
65 years. Nationwide US influenza data in-
dicated that only 7% of pH1N1-related hospi-
talizations occurred in those aged 65 years or
older,14 so we excluded individuals in that age
group from the study population to minimize
misclassification bias introduced by nonin-
fluenza cases. The following groups were cat-
egorized in the HIDD as an indicator of race/
ethnicity: Non-Hispanic White Hispanic;
Non-Hispanic Black; other, which includes
Asian (n = 276); American Indian/Alaska Na-
tive (n =14); other, which includes any other
racial/ethnic groups not listed (n = 221); and
unknown (n = 200).

Selection criteria corresponded to a varia-
tion of a list of codes validated against virologic
results in a study evaluating code-based syn-
dromic surveillance for ILI.15 Our previous
work describes the methodological process for
ILI code selection.6 The outcome was ICU
admission determined by ICU-related diagnosis
codes.

Age group categories were consistent with
age-specific influenza reporting in Massachu-
setts, based on Centers for Disease Control and
Prevention---defined priority groups16 (< 5
years, 5---12 years, 13---18 years, 19---25 years,
26---44 years, 45---64 years).

Confirmed-case laboratory specimen data
from the Massachusetts State Laboratory in-
dicated that between April 19 and October 1,
2009, 34% of all submitted specimens were
positive for influenza A and 99% of influenza
virus isolates were pH1N1.16 This time interval
occurred before pH1N1 vaccine was released
and, therefore, it represents a unique time to
study the impact of the virus before the
availability of immunization. Before April 26,
2009, seasonal influenza activity was common

in Massachusetts: April 26 marks the first date
that pH1N1was detected, and September 30 is
designated as the beginning of the influenza
season for surveillance purposes.

Originally used to predict health care---
related costs, the DxCG risk analysis software is
an established risk adjustment model designed
to calculate individual-level baseline measures
of risk for hospitalization, hospital readmission,
and future health care costs likely to be in-
curred. The DxCG model is a feasible way to
calculate baseline measures of comorbidity on
the basis of readily available, already audited
inpatient diagnostic data, and an effective way
to compare risk at baseline by age strata to
control for number of high-risk conditions.

Our analysis was based on the Centers for
Medicare and Medicaid Services HCC model
that was implemented in 2004. The DxCG---
HCC model uses data from diagnoses gener-
ated during patient hospital discharge diagnosis
coding to calculate which medical problems
are present in an individual and generate
a risk-adjusted score based on ICD-9 codes.12

This score is based on values assigned to
diagnostic categories that have been designed
to meet several principles meeting hierarchical
conditions and clinical significance. The HCC
diagnostic classification system first classifies
each of more than 15 000 ICD-9 codes into
804 diagnostic groups, and these groups are
further aggregated into 189 condition cate-
gories. The process of condition category se-
lection and performance of DxCG---HCC
models have been described previously.11 The
final, 70-category DxCG---HCC model, along
with patient demographics such as age and
gender, are used to predict measures of
comorbidity or disability. In previous work,
DxCG has been shown to be a more effective
predictor of morbidity than other measures,
such as the Charlson.17

As explained previously, the original DxCG---
HCC model excluded discretionary diagnostic
categories from its total of 189 condition cate-
gories for various methodological reasons. Some
were excluded because they were not medically
significant or they did not empirically add to
predicted costs.11 For the purposes of this anal-
ysis, DxCG risk scores may not capture the full
picture of the burden of comorbidity that could
affect the severity of influenza. Therefore,
to investigate the addition of some known

additional risk factors into our model, we iden-
tified risk factors for pH1N1 that were not
included in the DxCG calculation. Several risk
factors for severe pH1N1 have been identified
including pregnancy, obesity, and asthma.10,18

These risk factors and ICD-9 codes were as
follows: asthma (493.0), obesity (278.0), and
pregnancy (630.0---679.0). We explored the
prevalence of these risk factors in both the
pH1N1and seasonal influenza study populations
and included dichotomous variables for these
characteristics in our final model.

We identified those discharged with
ILI-related diagnoses between October 1,
2008, and April 25, 2009, and pH1N1-related
diagnoses between the time period of April 26
and September 30, 2009; calculated ICU
admission rates; and described demographics
by age group.

Our analysis plan involved 3 steps. In step 1,
we utilized DxCG software to create diagnoses
files with unique identifiers for each individual
within the study population. After we calcu-
lated each individual score, we linked each
individual’s DxCG score with patient demo-
graphic data, diagnoses, and other hospital data
in the HIDD by using medical record number.
We then compared patient characteristics of 2
groups: those discharged between October 1,
2008, and April 25, 2009 (seasonal influenza
group), and those discharged between April 26
and September 30, 2009 (pH1N1 group). In
step 2, we utilized 3 models within the seasonal
influenza population and pH1N1 population to
identify the association between DxCG score
and ICU stay and predictors of ICU stay among
age groups.

Model A refers to the null model investigat-
ing the association between ICU stay and age
group. Model B adds the measure of DxCG
score to adjust for comorbidity measure. Model
C refers to the full multivariate model investi-
gating the association between ICU stay and
age adjusted for DxCG, age, gender, specific
risk factors, and source of admission into the
hospital. In step 3, we applied model C to each
study population and also stratified by age
group to investigate age-specific predictors of
ILI-related ICU stay and also to address selec-
tion bias and confounding that could occur
within age-group strata. We then compared
predictors of ICU stay within pH1N1 and
seasonal influenza populations.
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We used a logistic regression model to pro-
vide odds estimates. Because the data source is
a population-based hospital discharge data set
and all discharges from all Massachusetts acute
care hospitals are included in the model, we
conducted a sensitivity analysis among all
Massachusetts facilities to explore the level of
correlation within a facility. A similar sensitivity
analysis is described in our previously pub-
lished work.19

RESULTS

Within the pH1N1-specific time period (be-
tween April 26 and September 30, 2009),
4873 individuals met inclusion criteria (Table
1). There were larger proportions of Hispanics
and Blacks in those younger than 5 years
than among those aged 45 to 64 years (23%
and 13% vs 8% and 9%, respectively). The
mean DxCG score for the study population was
0.69, and scores ranged from 0.07 to 5.80.
The lowest mean score occurred in the youn-
gest age group (0.25), and the highest mean
score occurred among the oldest age group
(1.07). Mean length of stay was highest among
the group aged 45 to 64 years (4.0 days).

For the seasonal influenza time period,
7402 individuals met inclusion criteria be-
tween October 1, 2008, and April 25, 2009
(Table 1). Mean DxCG score was 0.70, and
scores ranged from 0.07 to 5.63. Compared
with the previous seasonal influenza period in
Massachusetts, there were higher ICU admis-
sion rates among those younger than 18
years during the pH1N1 time period, and
a higher number of deaths among those
younger than 18 years during the pH1N1
pandemic (Tables 1 and 2). The DxCG scores
were slightly higher among those with pH1N1
who were younger than 5 years and 13 to
18 years than among those with seasonal
influenza for the same age groups (0.25 and
0.53 vs 0.22 and 0.50, respectively). Adults
with pH1N1 in the groups aged 19 to 44 years
and 45 to 64 years also had slightly higher
DxCG scores than those with seasonal influ-
enza for the same age groups (Table 1).

Consistent with other epidemiological re-
ports, we found that the median age of those
with pH1N1-related ICU admissions was
younger than during seasonal influenza (37 vs
43 years; Table 2). Although sample sizes were
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small, the death rate among those with
pH1N1-related ICU admissions was twice that
of those with ILI-related ICU admissions (4% vs
2%). Average length of stay was greater during
the pH1N1 time period (6.8 days vs 6.3 days).
Of the risk factors chosen, asthma was the most
prevalent, occurring in 28% (n = 148) of the
pH1N1 population, and 24% (n = 174) of
those admitted to the ICU with seasonal in-
fluenza (Table 2). Compared with seasonal
influenza, rates of pregnancy were double in
the pH1N1 cohort (2% vs 1%), and overall
rates of obesity were higher as well (8% vs
6%).

In the univariate model examining the as-
sociation between pH1N1-related ICU stay and
age group (Table 3), there was a significantly
lower risk of ICU stay among patients aged
26 to 44 years and younger than 5 years

compared with those aged 45 to 64 years
(odds ratios [ORs] = 0.65 and 0.73, respec-
tively). After we adjusted for comorbidity score,
individuals younger than 5 years, 5 to 12
years, and 13 to 18 years were significantly
more likely to have a pH1N1-related ICU stay
than those aged 45 to 64 years (ORs = 1.39,
2.01, and 2.26, respectively). Females and
Hispanics were at less risk for ICU stay (ORs =
0.76 and 0.66, respectively). Within the
pH1N1 cohort, asthma was highly predictive of
ICU admission among those younger than
5 years, 5 to 12 years, and 13 to 18 years
(ORs = 2.71, 3.44, and 3.74, respectively).
Pregnancy was also strongly associated with
ICU admission among those aged 26 to 44
years (OR = 4.04; P< .001).

In the univariate model investigating the
association between seasonal influenza---related

ICU stay by age strata (Table 4), those youn-
ger than 5 years and 24 to 44 years were at
lower risk for ILI-related ICU stay than those
aged 45 to 64 years (ORs = 0.53 and 0.66,
respectively). Similar to pH1N1, after we ad-
justed for DxCG score, risk for ILI-related ICU
stay was significantly greater for individuals
aged 5 to 12 years (OR = 1.49). Stratified by
age group, asthma is a significant predictor of
ILI-related ICU stay among those younger
than 5 years (OR = 1.55). Obesity was shown
to be protective against influenza-associated
ICU stay among those aged 45 to 64 years
(OR = 0.63).

In both cohorts, we found higher propor-
tions of males among the groups younger
than 5 years and 5 to 12 years (54% to 59%).
After age 12 years, this trend reversed, and
more than half of all patients discharged with
ILI in both cohorts were female. In the full
model investigating the association between
ICU stay and independent variables, being
female was protective against ILI-related ICU
admission in both pH1N1 and seasonal in-
fluenza cohorts (ORs = 0.76 and 0.77, respec-
tively), indicating that males were at increased
risk for ILI-related ICU stay within the entire
study population.

DISCUSSION

Our results are consistent with published
reports indicating that specific trends exist with
regard to influenza-associated outcomes by
age, gender, and underlying health condi-
tions.20 To our knowledge, this is the first study
to report population-based statewide outcomes
by age strata in all acute care hospitals during
the first wave of the pH1N1 pandemic. For
all age groups and both influenza cohorts,
increasing DxCG score predicted ICU admis-
sion. Therefore, as the measure of comorbidity
increases, risk of ILI-related ICU stay also
increases.

We found that those admitted to the ICU
during the pH1N1 time period were younger
than those with ILI-related ICU admission
during the regular influenza season and had
higher prevalence of risk factors shown to
complicate or exacerbate pH1N1. There were
more deaths among younger age groups during
pH1N1. Although numbers are small, these
figures indicate that pH1N1 attacked younger

TABLE 2—Characteristics of Those With Influenza-Like Illness–Related Intensive Care Unit

Admission During the pH1N1 Outbreak and Seasonal Influenza Outbreak: Hospital

Inpatient Discharge Database, Massachusetts, 2008–2009

pH1N1 (n = 527) Seasonal Influenza (n = 727)

Variable No. (%) or Mean 6SD Range No. (%) or Mean 6SD Range

Gender

Male 296 (56) 403 (56)

Female 231 (44) 322 (44)

Race/ethnicity

Non-Hispanic White 345 (66) 504 (70)

Hispanic 54 (10) 82 (11)

Non-Hispanic Black 69 (13) 70 (10)

Other 59 (11) 69 (9)

Age, y (median) 37 43

< 5 97 (19) 141 (20)

5–12 47 (9) 50 (7)

13–18 35 (7) 32 (4)

19–25 40 (8) 42 (6)

26–44 87 (16) 119 (16)

45–64 221 (42) 341 (47)

DxCG score 1.2 61.2 0.07–5.80 1.2 61.1 0.07–5.63

Deaths 19 (4) 12 (2)

Risk factors

Asthma 148 (28) 174 (24)

Obese 40 (8) 45 (6)

Pregnant 10 (2) 6 (1)

Length of stay, d 6.8 68.5 1–67 6.3 67.1 1–55

Note. DxCG = Diagnostic Cost Group; pH1N1 = Influenza A. Influenza A–related discharges were during the period from April
26 to September 30, 2009. Seasonal influenza–related discharges were during the period October 1, 2008, to April 25,
2009.
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groups more severely, causing higher num-
bers of ICU admissions and fatalities than
seasonal influenza. From these results, we can
confirm that severe pH1N1 attacked a younger
population—but not necessarily a more medi-
cally compromised population—with lower
comorbidity scores than older populations.

There was a distinct gender distribution by
age strata among both the pH1N1 and seasonal
influenza groups. Published findings have
shown a predominance of male patients among
those hospitalized with pH1N121 and with
severe pH1N1 infection.22 These differences
are also age-dependent, and other work has
confirmed higher rates of influenza among
female patients of reproductive age. This could
indicate a biological predisposition to more
severe manifestation of influenza. Published
findings have indicated that immunological
differences between the sexes may reflect
endocrine---immune interactions, and immunity
to viruses can vary with changes in hormone
concentrations caused by natural fluctuations
over the menstrual cycle, contraception use,
pregnancy, or menopause,23 which may ex-
plain these gender distributions by age strata.

Asthma was predictive of ILI-related ICU
admission among those with seasonal influ-
enza, but results were more dramatic during
the pH1N1 time period, indicating that these
risk factors were more strongly associated with
severe manifestations of pH1N1 infection. We
found higher prevalence of asthma among
those with pH1N1-related ICU admission than
among those with seasonal influenza. Other
published findings have shown similar results.
In one assessment of children with asthma
hospitalized with seasonal and pandemic in-
fluenza, a higher proportion of asthmatic
children hospitalized with pH1N1 required
intensive care than those with seasonal influ-
enza (22% vs 16%).24

We found a strong association between
women who were pregnant and ICU admission
among the pH1N1 cohort. This is consistent
with other published findings that have docu-
mented the severe effects of pH1N1 on preg-
nant women.25,26 One investigation found that
nearly half (47%) of pregnant women admitted
to the ICU had at least 1 underlying medical
condition such as asthma, diabetes, or obesity,
indicating that additional risk factors may com-
plicate or exacerbate the course of the disease.26

With regard to obesity, there have been
mixed measures of association between odds of
severe pH1N1 infection and obese individuals
in published literature. Some work has shown
a strong association between obesity and se-
vere pH1N1.25 Other work has shown that
obesity is not independently associated with
pH1N1 hospitalization; however, obesity is
associated with other factors that may compli-
cate or exacerbate pH1N1 infection (such as
mechanical ventilation).18 We did not find any
statistically significant relationship between
those with obesity-related diagnoses and ICU
admission among those in the pH1N1 cohort.

Strengths and Limitations

The use of large hospital administrative
databases presents an excellent opportunity to
explore population-based influenza-associated
hospitalizations. Linking plentiful diagnostic
HIDD data to the DxCG---HCC model is a novel
way to explore predictors of severe influenza
during a pandemic. Through the DxCG analy-
sis, we were able to distill thousands of di-
agnoses into understandable risk scores to
compare measures of illness between study
populations.

It is possible that noninfluenza medical
events could have caused ICU admission
among this study population. However, we
were not authorized to conduct medical chart
abstraction in this study to explore this associ-
ation further. Population-level attack rates
among subpopulations should also be consid-
ered during the interpretation of our results.

In addition, data from correctional facilities
and veterans’ hospitals in Massachusetts are
not included in the HIDD. Because the HIDD
only includes hospitalization data, we were not
able to compare this hospitalized population to
nonhospitalized pH1N1 cases to see differ-
ences in demographics, diagnoses, or outcomes.
We were not authorized to access individual
medical chart information; therefore, it was not
possible to determine influenza case status for
every individual in this study and misclassifi-
cation is possible.

Conclusions

At the time of writing, this is the first study to
report population-based pH1N1-related out-
comes by age strata in all statewide acute
care centers. This study is an example of the

feasibility and utility of linking results from risk
analysis software with population-based hospital
administrative diagnostic data to describe
influenza-related outcomes. We have attempted
to uncover the complex interplay among age,
comorbidity, and pH1N1-related complications
during the 2009 pH1N1 pandemic among all
Massachusetts hospitals. We have shown that
pH1N1 attacked younger age groups with
greater severity, causing hospitalization and
admission into the ICU, and even death. We
found that those admitted to the ICU during the
pH1N1 time period were younger than those
with ILI-related ICU admission during the reg-
ular influenza season, and had higher preva-
lence of risk factors shown to complicate or
exacerbate pH1N1. Being male was predictive
of ILI-related ICU stay. Within the pH1N1
cohort, asthma was highly predictive of ICU
admission among those younger than 5 years,
5 to 12 years, and 13 to 18 years, as was
pregnancy among those aged 26 to 44 years.
Obesity did not predict pH1N1-related ICU
admission with any statistical significance.

The implications of our findings lead to the
conclusion that high-risk groups such as chil-
dren younger than 18 years with comorbidities
such as asthma, or women who are pregnant,
would benefit from improved surveillance
and resource allocation during influenza out-
breaks. In light of these results, efforts for
influenza vaccination and healthy behavior
promotion should be focused on high-risk
pediatric populations to prevent serious
ILI-related complications in these groups
during future outbreaks. j
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