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Abstract

Aims/hypothesis The aim of this work was to compare the
incidence of illness attributable to influenza in working-age
adults (age <65 years) with and without diabetes.

Methods We performed a cohort study using administrative
data from Manitoba, Canada, between 2000 and 2008. All
working-age adults with diabetes were identified and matched
with up to two non-diabetic controls. We analysed the rates of
influenza-like illness physician visits and hospitalisations,
pneumonia and influenza hospitalisations, and all-cause
hospitalisations. Multivariable regressions were used to esti-
mate the influenza-attributable rate of each outcome.

Results We included 745,777 person-years of follow-up
among 166,715 subjects. The median age was 50-51 years
and 48-49% were women; adults with diabetes had more
comorbidities and were more likely to be vaccinated for
influenza than those without diabetes. Compared with similar
adults without diabetes, those with diabetes had a 6% greater
(RR 1.06, 95% CI 1.02, 1.10; absolute risk difference 6 per
1,000 adults per year) increase in all-cause hospitalisations
associated with influenza, representing a total of 54 additional
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hospitalisations. There were no differences in the influenza-
attributable rates of influenza-like illness (p = 0.06) or pneu-
monia and influenza (p=0.11).

Conclusions/interpretation Guidelines calling for influenza
vaccinations in diabetic, in addition to elderly, adults implic-
itly single out working-age adults with diabetes. The evidence
supporting such guidelines has hitherto been scant. We found
that working-age adults with diabetes appear more susceptible
to serious influenza-attributable illness. These findings repre-
sent the strongest available evidence for targeting diabetes as
an indication for influenza vaccination, irrespective of age.

Keywords Diabetes - Epidemiology - Influenza - Influenza
vaccination

Abbreviations

ADG  Aggregate diagnostic group

ALL All-cause hospitalisation

ILI Influenza-like illness (physician visit and
hospitalisation)

pHIN1 Pandemic HINI

PI Pneumonia and influenza (hospitalisation)

RSV Respiratory syncytial virus

SES Socioeconomic status

Introduction

Influenza is a common viral illness [1] responsible for sub-
stantial morbidity and mortality [2—5]. Clinical practice guide-
lines promulgated by diabetes mellitus care organisations (e.g.
American Diabetes Association, Canadian Diabetes
Association), as well as national vaccination authorities in
such countries as Canada and the UK, recommend routine
vaccinations against seasonal influenza in all adults with
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diabetes [6-9]. While guidelines in the USA have recently
begun calling for universal vaccination of all adults, they
continue to prioritise those with diabetes, particularly when
resources are scarce. Since recommendations already exist for
vaccination in all elderly adults (age >65 years), the incremen-
tal effect of guidelines calling for vaccinations in diabetic
adults is to add working-age adults (age >18 and <65 years)
with diabetes as a high-risk group relative to those without
diabetes [6-9].

Such guidelines may be justified if working-age adults with
diabetes experience greater susceptibility or severity of influ-
enza relative to similar non-diabetic adults. However, the
evidence for this premise is limited [6, 7, 10]. To our knowl-
edge, only three studies have compared the burden of seasonal
influenza in adults with and without diabetes. These studies
have several limitations, including potential bias from the use
of hospital-based comparison groups [11], lack of adjustment
for comorbidities and vaccination status [11-13] and inade-
quate adjustment for seasonality [12]. More recently, studies
of pandemic HIN1 (pHIN1) influenza have drawn varying
conclusions regarding the extent to which diabetes increases
the risk of severe outcomes. Given the limitations of the
present literature, we performed a population-based cohort
study to test the hypothesis that working-age adults with
diabetes experience greater incidence of illness due to season-
al influenza.

Methods

Setting Our study was performed using administrative data
from Manitoba, Canada. Nearly all (>99%) residents of
Manitoba have provincially funded healthcare benefits under
Manitoba’s system of universal health insurance [14]. The
databases of Manitoba Health capture the following informa-
tion: services, diagnoses and interventions provided to pa-
tients during hospital admissions and physician visits; demo-
graphics; pharmaceuticals dispensed in the community at the
point of sale and vaccinations provided to Manitoba residents
(www.umanitoba.ca/faculties/medicine/units/community
health sciences/departmental units/mchp/resources/
repository/health _admin.html). We have recently used these
databases in an observational study of the effectiveness of
influenza vaccination in working-age adults with diabetes
[15]. The present study was approved by the Institutional
Review Board of the University of Alberta (Pro00026010)
and by the Health Information and Privacy Committee of
Manitoba (HIPC 2011/2012-16).

Subjects We identified all working-age adults with diabetes
mellitus, from 1 July 2000 to 30 June 2008. Adults with both
prevalent and incident diabetes were selected, using a well-
validated claims-based definition of diabetes. Adults were

defined as having diabetes after two ambulatory physician
claims or one hospital discharge for diabetes mellitus (ICD-9
code 250 [www.icd9data.com/2007/Volume1/240-279/250-
259/250/default.htm] or ICD-10 codes E10-E11 [www.who.
int/classifications/icd/en/]) [16]. A non-diabetic control group
was composed by matching diabetic adults with up to two
non-diabetic adults by age (i.e. =1 year), sex and health region.
A priori calculations suggested that a 2:1 match would provide
sufficient power for the analyses planned. Non-diabetic sub-
jects were followed from the date of their diabetic counter-
part’s diagnosis of diabetes.

We divided calendar time into years from 1 July to 30 June
[12]. Influenza season was defined as a continuous period
between the first and last occurrences of at least two consec-
utive weeks with two or more isolates positive for influenza,
according to provincial surveillance data [17-19].

Outcomes and follow-up We followed all subjects, until 30
June 2008, for any occurrences of three outcomes, based on
ICD diagnostic codes: physician visit or hospitalisation for
influenza-like illness (ILI), hospitalisation for pneumonia and
influenza (PI) and all-cause hospitalisation (ALL). Influenza-
like illness is usually defined as a febrile cough with additional
symptoms of systemic involvement [20]. However, ICD
codes do not contain a specific entry for ILI, as defined
clinically. We therefore adopted an administrative case defi-
nition of ILI, which consisted of a broad bundle of diagnoses,
including bronchitis, pneumonia, cold, cough and exacerba-
tions of chronic obstructive pulmonary disease (see electronic
supplementary material [ESM] Tables 1 and 2). This case
definition, determined in a pilot study of six emergency de-
partments, is similar to those of other studies identifying
diagnoses correlated with influenza activity [21, 22]. ILI was
chosen to represent the common manifestations of influenza,
which include PI hospitalisations. PI was also examined as a
separate outcome to depict more serious and specific respira-
tory sequelae. ALL is non-specific, but was included to indi-
cate the overall burden of influenza on serious morbidity,
since influenza is thought to contribute to a significant range
of non-respiratory outcomes including myocardial infarction
and diabetic ketoacidosis [2—5]. Subjects were able to contrib-
ute multiple outcomes.

Measurement approach—influenza-attributable
outcomes Although ILI is the usual surveillance case defini-
tion of influenza, less than 30% of ILI during influenza season
is caused by influenza [23], which may additionally present as
other respiratory [24-26] and non-respiratory conditions [5,
27]. Consequently, influenza infections are rarely suspected or
laboratory-confirmed, making direct measurement of infec-
tion difficult. As the circulation of influenza is minimal out-
side the influenza season, the burden of influenza can instead
be estimated by comparing health outcomes during influenza
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season to those during the off-season [12]. However, this
approach may be confounded by cyclic trends, since respira-
tory outcomes rise and fall each year even in the absence of
significant influenza activity [27-29]). Researchers have
accounted for cyclic trends and other potential confounders
by using statistical models to estimate the outcomes that
would have occurred, during influenza season, in the absence
of circulating influenza. This counterfactual is then compared
with estimated outcomes under actual conditions, to obtain an
influenza-attributable estimate of outcome frequency [2-5,
27].

We modelled rates of each outcome in adults with and
without diabetes using unconditional time-varying Poisson
regression. Person-time was split into weeks, with follow-up
time in person-years modelled as an offset term. A binary
indicator for influenza season (i.e. influenza season vs off-
season time) represented the adjusted relative effects of influ-
enza on outcome rates, that is, the ‘influenza-attributable
effect’. Variables indicating each month were included to
account for cyclic trends. A term indicating diabetes status
was included to adjust for the increased likelihood of
hospitalisation or presentation for medical attention among
adults with diabetes generally, regardless of influenza suscep-
tibility or severity. The interaction of diabetes status and
influenza-season terms provided a formal test of differences
in relative rates of influenza-attributable illness among those
with and without diabetes. An example would be if influenza
season was associated with 10% (RR 1.10) and 20% (RR
1.20) relative increases in the rates of ALL in non-diabetic
and diabetic adults, respectively. Given a statistically signifi-
cant interaction term (i.e. interaction RR 1.20/1.10=1.09), we
could infer that influenza increases ALL to a greater extent in
those with diabetes, and that those with diabetes are therefore
more susceptible to influenza. Greater rates of influenza-
attributable outcomes may also indicate greater severity of
influenza if outcomes considered more serious (i.e. PI, ALL)
are disproportionately increased compared with outcomes
capturing less serious healthcare use (i.e. ILI, which includes
both physician visits and hospitalisations).

All models were additionally adjusted for age, sex, location
of residence, socioeconomic status (SES), comorbidities,
number of physician visits in the previous year, receipt of
current influenza vaccination for the influenza year, previous
receipt of pneumococcal vaccination and secular (i.e. tempo-
ral) trends. SES was based on the census-derived income
quintile of each subject’s postal code area of residence [30,
31]. Comorbidity was represented by the number of major
aggregate diagnostic groups (ADGs) accrued during the pre-
vious 2 years (i.e. 0, 1, or >2 major ADGs; major ADGs are
listed in the footnote to Table 1) [32, 33]. Influenza vaccina-
tion is an important confounder because it is felt to reduce the
sequelae of influenza in those with diabetes. Since the effect of
influenza vaccination is difficult to disentangle from a tendency
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for those with greater health status to be vaccinated [15],
adjusting for influenza vaccination has the additional benefit
of reducing confounding from unmeasured differences in
health status. Finally, we adjusted for secular, in addition to
cyclic, trends using indicator variables for each year [3, 5]. All
variables were updated every 1 July, except for vaccination
status, which was updated after the week of receipt. To check
for overdispersion, we performed the same analysis using
negative binomial regression and the results were virtually
identical (data not shown). Results were considered statistically
significant at a standard of p < 0.05. Analyses were performed
using SAS 9.2 (SAS Institute, Cary, NC, USA).

Results

We identified 60,118 working-age adults with diabetes in
Manitoba from 2000 to 2008. Of these, 58,577 adults (97%)
were matched to one or more non-diabetic control subjects.
Our study included 56,513 adults with diabetes and 110,202
non-diabetic controls with complete data, who together con-
tributed 745,777 person-years of follow-up. Adults with and
without diabetes were similar in age and sex. At cohort entry,
those with diabetes had a median age of 51 years (interquartile
range [IQR] 15), those without diabetes had a median age of
50 (IQR 15); 51-52% of subjects were men in both groups.
Patients with diabetes were more likely to have a below-
median income, made more physician visits, had greater co-
morbidity based on major ADGs and were more likely to have
been vaccinated against influenza or pneumococcal infection,
compared with non-diabetic controls (p < 0.05) (Table 1). On
average, our study included 31,139 working-age adults with
diabetes each year, representing 58% of diabetic adults of any
age, and approximately 3% of the entire Manitoba population.

During the follow-up period, we observed 251,144 ILIs,
1,892 PIs, and 36,955 ALLs. Actual and model-based counts
of each outcome, including model-estimated counts in the
counterfactual absence of influenza season, are shown in
Fig. 1. Outcomes demonstrated a cyclical rise and fall each
year. Where distinguishable, excess outcomes during influen-
za season are shown.

In adults with diabetes, influenza season was associated
with statistically significant increases in the rates of all out-
comes studied after adjusting for cyclic trends and other
potential confounders (Table 2). In those without diabetes,
influenza season was associated with increased ILI. The rela-
tive effect of influenza appeared to be greater in diabetic adults
than in non-diabetic adults for PI (RR 1.35 vs 1.13 [diabetes
vs no diabetes] for the effect of influenza) and ALL (RR 1.06
vs 1.00 [diabetes vs no diabetes] for the effect of influenza)
(Table 2). While the former difference was not statistically
significant (p = 0.107), our formal test of interaction showed
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Table 1 Cohort characteristics
Variable Diabetes No diabetes
Age, years (median, IQR): 51, 15 Age, years (median, IQR): 50, 15
No. of subjects Proportion No. of subjects Proportion
Sex
Male 29,953 0.53 57,738 0.52
Female 26,560 0.47 52,464 0.48
Income quintile
Upper 25,666 0.45 61,809 0.56
Lower 30,847 0.55 48,393 0.44
Residence
Urban 33,363 0.59 65,702 0.60
Rural 23,150 0.41 44,500 0.40
No. of medical visits—previous year
0 32,516 0.58 79,948 0.73
1-2 14,927 0.26 22,526 0.20
3 or more 9,070 0.16 7,728 0.07
No. of major ADGs*
0 24,642 0.44 68,649 0.62
1 16,807 0.30 28,734 0.26
2 or more 15,064 0.27 12,819 0.12
Influenza vaccination—previous year
Yes 8,813 0.16 7,842 0.07
No 47,700 0.84 102,360 0.93
Pneumococcal vaccination (any)
Yes 2,497 0.04 2,128 0.02
No 54,016 0.96 108,074 0.98

Table enumerates subjects at cohort entry. Proportions vary if subjects are enumerated over their follow-up periods on 1 July each year, with person-years of
follow-up as the denominator (e.g. greater prevalence of influenza vaccinations), but relationships among those with vs those without diabetes remain similar

*Number of major ADGs over the previous 2 years: ADG3 (time limited: major), ADG4 (time limited: major—primary infections), ADG9 (likely to
recur: progressive), ADG11 (chronic medical: unstable), ADG16 (chronic specialty: unstable—orthopaedic), ADG22 (injuries/adverse effects: major),
ADG?25 (psychosocial: recurrent or persistent, unstable) and ADG32 (malignancy)

All between group differences, p < 0.05 on Wilcoxon rank-sum or x> tests

statistical significance for the 6% greater relative increase in
ALL due to influenza in diabetic adults (p = 0.044).

In diabetic adults, influenza contributed 13%, 26% and 6%
of ILIs, PIs and ALLs occurring during influenza season, re-
spectively (Table 2). For ALLs, virtually all of these influenza-
attributable outcomes (i.e. 54/55 events [98%)]) were due to the
increased effects of influenza in diabetic adults (Table 3). In
absolute terms, influenza season was associated with an addi-
tional six ALLs per one-thousand diabetic person-years.

Discussion

The burden of influenza is difficult to estimate due to lack of
specific outcome measures in administrative data. Using

statistical regression techniques, we have distinguished the
effects of seasonal influenza in working-age Manitoba adults
with and without diabetes. Influenza was associated with
increased rates of physician visits and hospitalisations for
influenza-like illness in non-diabetic adults, accounting for
15% of ILI during influenza season. In diabetic adults, influ-
enza was associated with increased ILI, PT and ALL, account-
ing for 13%, 26% and 6% of these outcomes, respectively.
Compared with working-age non-diabetic adults, working-
age adults with diabetes experienced a significantly greater
6% increase in influenza-attributable ALLs. Since a similar
difference was not observed for ILI, we infer that adults with
diabetes experience a disproportionately greater susceptibility
to more serious manifestations of influenza, requiring
hospitalisation.
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Fig. 1 Actual vs projected Diabetes

outcomes in working-age adults
with and without diabetes.
Outcome numbers in adults
without diabetes were estimated
for a 2:1 matched group of
controls and therefore do not
represent actual numbers for
adults in Manitoba without
diabetes. + symbol represents
weekly numbers of each outcome.
Grey bars, influenza season;
dotted line, 1 July for the
influenza season indicated; green
line, projected number of events;
blue line, projected number of
events in the absence of
circulating influenza; red line,
number of influenza-attributable
events per week (i.e. green line
minus blue line)

ILI

PI

ALL

In absolute terms, working-age adults with diabetes expe-
rienced an additional six hospitalisations due to influenza per
1,000 adults. Notably, if these same adults had not had diabe-
tes they would not have experienced any ALLs due to influ-
enza, since influenza did not appear appreciably to increase
ALLs in those without diabetes.
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Limitations and strengths Our study has several limitations.
First, because we relied on a community-level indicator for
influenza, ecological bias may arise if outcomes attributed to
influenza did not actually occur in patients infected with
influenza. For example, respiratory syncytial virus (RSV)
co-circulates with influenza and causes similar illness [3].

Table 2 Relative effect of circulating influenza on the incidence of ILI, PI and ALL in adults with and without diabetes

Outcome Adults without diabetes

Adults with diabetes

Rate ratio® 95% CI Ve p value Rate ratio” 95% CI N p value Interaction p value®
ILI 1.17 1.15,1.18 14.5 <0.001*** 1.15 1.13, 1.17 13.0 <0.001*** 0.057
PI 1.13 0.91, 1.39 11.5 0.265 1.35 1.16, 1.56 259 <0.001*** 0.107
ALL 1.00 0.95, 1.06 0.3 0.889 1.06 1.02, 1.10 5.7 0.001*** 0.044*

Estimates are adjusted for potential confounders (see Methods)

# Relative effect of circulating influenza (influenza season vs off-season)

® Percentage of outcomes due to influenza during influenza season: f= [(RR—1)/RR]x 100%

© The interaction term is defined in the model as the ratio of the two previous risk ratios (RRs), representing the change in the effect of influenza by

diabetes status
*p<0.05; ***p<0.001
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Table 3 Model-projected numbers of influenza-attributable outcomes during influenza season in adults with and without diabetes

Outcome Adults with diabetes Adults without diabetes
(2:1 matched controls)
Under actual If subjects did not ~ Difference” (additional Under actual
conditions (projected)  have diabetes influenza-attributable conditions (projected)
(counterfactual) outcomes due to having diabetes)
ILI
n (average per year) 627 589 38 794
No. of persons (average per year) 8,786 8,786 8,786 16,202
Rate (/1,000 person-years) 71.38 67.06 4.32 49.01
PI
n (average per year) 16 2 13 2
No. of persons (average per year) 8,786 8,786 8,786 16,202
Rate (/1,000 person-years) 1.77 0.28 1.50 0.14
ALL
n (average per year) 55 1 54 1
No. of persons (average per year) 8,786 8,786 8,786 16,202
Rate (/1,000 person-years) 6.24 0.12 6.12 0.07

Counts and rates for adults without diabetes were estimated for the matched comparison group of non-diabetic subjects, and therefore do not represent the
actual numbers of influenza-attributable outcomes in adults in Manitoba without diabetes

# ‘Projected’ minus ‘counterfactual’

Unaccounted RSV would lead to overestimates of influenza-
attributable illness. Because the proportion of unaccounted
RSV is not likely to be different in those with diabetes, our
estimates of the relative effects of diabetes on influenza-
attributable illness may not be affected. Indeed, we obtained
similar results using a more specific measure of influenza
activity—the proportion of respiratory specimens positive
for influenza virus (data not shown).

Second, as the present study was observational, other
unrecognised confounders may affect our findings. For exam-
ple, obesity has emerged as a risk factor for hospitalisation and
severe outcomes in pHINI cases [34-36]. It remains unclear
from the pHINI literature whether obesity is an independent
risk factor for influenza or whether the association between
obesity and severe outcomes of influenza is itself confounded
by diabetes, cardiovascular disease and other obesity-related
comorbidities [36]. One recent study of the NHANES cohort
found a consistent association between obesity and pHIN1
hospitalisations/death, after stratifying by comorbidity, suggest-
ing a true diathesis [34]. In the seasonal influenza literature,
Kwong et al have demonstrated an association between obesity
and increased respiratory hospitalisations, after adjusting for
diabetes and cardiovascular disease [37]. Obesity may therefore
account for the association between diabetes and influenza-
attributable illness to an unknown extent [38]. Other clinical
variables we were unable to include were the specific type of
diabetes; and variables related to diabetes severity and control,
such as HbA .. The incorporation of such variables in future
studies would provide additional evidence helping to confirm

or disprove a diabetes-specific effect. Our results likely gener-
alise to those with type 2 diabetes, which comprises the vast
majority of diabetes in adults. We adjusted for comorbidity
using the number of ADGs instead of specific individual-level
diagnoses, due to practical modelling limitations.

Finally, our data is limited to healthcare use, which may
under-represent the total burden of influenza. Many working-
age adults with influenza do not present for medical attention
although they may still incur absenteeism and productivity
losses [1, 39]. Previous studies have suggested that patients
with diabetes who experience infectious diseases may be more
likely to present for medical attention and to be hospitalised [40,
41], and this may lead to overestimates of influenza-attributable
illness specifically in diabetic adults. Because increased medi-
cal attention likely applies generally, regardless of infectious
actiology (e.g. ILL, PI or ALL of both influenza and non-
influenza aetiologies), we have accounted for this source of
potential confounding by singling out differences in the effects
of circulating influenza among diabetic and non-diabetic adults,
while adjusting analytically for the effects of diabetes alone.

Three previous studies have compared influenza-
attributable outcomes in patients with and without diabetes
during periods of seasonal influenza. Schanzer et al noted
increased influenza-attributable primary respiratory admis-
sions in patients with diabetes compared with those without
diabetes, but did not report diabetes-specific risk estimates
[13]. Bouter et al found that diabetes increased the risk of
both pneumonia hospitalisations and subsequent mortality to a
greater extent during years with significant influenza activity
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[11]. Finally, Neuzil et al reported a fivefold (unadjusted)
higher rate of influenza-attributable cardiopulmonary
hospitalisations or deaths in working-age women with diabe-
tes [12]. The limitations of these studies include potential bias
from the use of hospital-based comparison groups [11], lack of
adjustment for comorbidities and vaccination status [11-13]
and inadequate adjustment for seasonality [12], as mentioned
earlier. Additionally, several studies have examined the effects
of diabetes on pHINI influenza. Diabetes appears dispropor-
tionately represented in most studies of confirmed pHINI
cases requiring hospitalisation [36, 42—45]. Some pHIN1
studies have also identified diabetes as a risk factor for severe
outcomes following hospitalisation [45], although other stud-
ies have not [46, 47]. Whether the high prevalence of diabetes
in pHINT studies can be attributed to a diabetes-effect on risk
[45], confounding due to other comorbidities [46, 47] or due
to adults with diabetes being more readily admitted on a
precautionary basis [35] remains unclear. Moreover, since
over one-third of diabetes is undiagnosed in the community
[48], the lack of a population control group in case series of
pHINT hospitalisations makes it difficult to ascertain whether
the apparent effect of diabetes on pHIN1 hospitalisations is
due to increased detection of diabetes in tertiary care. The
prevalence of diabetes in pHINI patients may be consistent
with its community prevalence if undiagnosed diabetes is
included [46].

To our knowledge, our study is one of only two studies [12]
to have identified and followed individuals, in the general
population, with and without diabetes, for influenza-
attributable outcomes. The use of administrative databases
ensures comparable data quality among all study subjects.
Our study used a validated case definition [16] to define
diabetes status before outcome ascertainment, thus avoiding
differential detection of undiagnosed diabetes in adults
hospitalised for a study outcome. Moreover, ours is the only
study to have adjusted for comorbidities, vaccination status
and cyclic trends apart from influenza. Insofar as diabetes was
found to be a risk factor for influenza-attributable
hospitalisations, our results agree with those of previous sea-
sonal influenza studies [11-13] as well as those of certain
pHINTI studies [45]. In contrast to previous studies, the effect
we demonstrated was much smaller and subtler in magnitude.
These findings highlight the importance of appropriate adjust-
ment for potential confounders and cyclic trends, which may
otherwise lead the burden of seasonal influenza to be
overestimated in high-risk populations. Our findings also
suggest that we should be cautious of pHINT1 series showing
a high prevalence of diabetes, although our data did not
include 2009 and are therefore not straightforwardly
applicable.

Clinical and policy implications Our results suggest that
working adults with diabetes experience greater risk of
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influenza-related ALLs. The public health impact of diabetes
on the burden of influenza in Manitoba may be summarised as
an additional six hospitalisations per 1,000 diabetic person-
years. A previous economic analysis of a universal vaccina-
tion programme in Ontario estimated the cost of a pneumonia-
or influenza-related hospitalisation to be $6,418 Canadian
dollars (CAD), and the cost of a universal vaccination pro-
gramme to be $7.55 CAD per dose delivered [49]. Using these
figures as rough approximations, it may be cost-saving to
target working-age adults with diabetes for vaccination, with
a presumed rate of vaccine effectiveness as low as 20%. Of
course, the unit cost of a diabetes-specific vaccination pro-
gramme may be much higher, and the actual effectiveness of
influenza vaccinations in high-risk populations is not well
established. While observational studies suggest that vaccina-
tion against influenza reduces hospitalisations in working-age
adults with diabetes [10, 50], these benefits may be attribut-
able to healthy user bias [15]. Our observation that working-
age adults with diabetes experience a greater burden of influ-
enza than similar non-diabetic adults provides a clinical justi-
fication for targeted anti-influenza interventions; identifying
particular interventions and evaluating their effectiveness in
this population are questions for further research.

Vaccination guidelines indirectly single out working-age
adults with diabetes for routine vaccination. We have demon-
strated an increased burden of influenza in this population.
Randomised trials are needed to confirm actual vaccine effec-
tiveness in this group. Formal economic studies are also
required, to ascertain the extent to which identifying diabetes
as a high-risk indication for vaccination may mitigate the
healthcare use and costs associated with influenza. Until such
studies are available, our work represents the strongest current
evidence highlighting the burden of influenza, and the poten-
tial benefits of influenza vaccination, in diabetic adults.
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