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Abstract
Background: Patients with diabetes are at increased risk of severe influenza disease; influenza vaccination for these
patients is therefore recommended by the World Health Organization and several National Immunization Technical
Advisory Groups. However, no systematic review has evaluated the effects of influenza vaccines for patients with
diabetes.
Methods: We conducted a systematic review and meta-analysis by searching Medline, Embase, Cochrane Central
Register of Controlled Trials, and ClinicalTrials.gov from inception until November 2014. We included all types of
studies reporting on the efficacy, effectiveness, and/or safety of influenza vaccination in patients with type 1 and
type 2 diabetes of all ages. We used the Newcastle-Ottawa scale to assess risk of bias in observational studies.
Residual confounding was addressed by comparing estimates of vaccine effectiveness (VE) during influenza seasons
to those obtained during off-seasons. Quality of the evidence for each outcome was assessed using the GRADE
methodology.
Results: Following review of 1,444 articles, 11 observational studies with a total of 170,924 participants were
included. In diabetic patients of working-age (18–64 years), influenza vaccination prevented all-cause hospitalization
with a pooled VE of 58% (95% CI, 6–81%) and hospitalization due to influenza or pneumonia (VE 43%; 95% CI,
28–54%), whereas no effects on all-cause mortality and influenza-like illness (ILI) were observed. In the elderly (65+),
influenza vaccination prevented all-cause mortality (VE 38%; 95% CI, 32–43%), all-cause hospitalization (VE 23%;
95% CI, 1–40%), hospitalization due to influenza or pneumonia (VE 45%; 95% CI, 34–53%), and ILI (VE 13%; 95% CI,
10–16%). However, significant off-season estimates for several outcomes indicated residual confounding, particularly
in elderly patients. Quality of the evidence was low to very low for all outcomes. Laboratory-confirmed influenza
infections were not reported.
Conclusions: Due to strong residual confounding in most of the identified studies, the available evidence is
insufficient to determine the magnitude of benefit that diabetic people derive from seasonal influenza vaccination.
Adequately powered randomized controlled trials or quasi-experimental studies using laboratory-confirmed
influenza-specific outcomes are urgently needed.
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Background
Worldwide, more than 347 million people live with diabetes
[1]. Since patients with diabetes are at increased risk of
medical complications attributable to influenza infections
[2], annual vaccination against influenza is recommended
for these patients by the World Health Organization
(WHO) [3] and several National Immunization Technical
Advisory Groups (NITAGs) [4-7]. However, the underlying
pathology of greater susceptibility to influenza and its complications is not well understood. An impaired immune response has been hypothesized to be responsible for an
increased risk of infection [8-10] as well as infection-related
complications in patients with diabetes [11,12]. If this hypothesis holds true, the immune response to influenza vaccines might be impaired in diabetic patients as well. In fact,
while some studies found a reduced immune response to
vaccination in patients with diabetes [13,14], others did not
detect a difference in the humoral response between diabetic patients and healthy controls [15-18]. However, the
value of these studies is limited not only because of their
small size and contradicting findings, but also because influenza antibody titers do not perfectly correlate with clinical protection [19]. Therefore, evidence from postmarketing studies with clinical outcomes is highly desirable.
Knowledge of the benefits and harms is important to
inform decision-making for vaccination and crucial for
public health authorities when defining vaccination target groups. As such, we performed a systematic review
and meta-analysis on influenza vaccine efficacy/effectiveness (VE) and safety in diabetic patients of all ages. We
draw particular attention on the analysis of bias and
confounding and used the methodology developed by
the Grading of Recommendations Assessment and
Evaluation (GRADE) working group to assess the quality
of evidence for each outcome.
Methods
Eligibility criteria

To be eligible for this systematic review, a study had to be
an original report on the efficacy, effectiveness, and/or
safety of vaccines against seasonal influenza in individuals
with diabetes mellitus. Patients with type 1 and type 2 diabetes of all ages were included. The control group had to
be either unvaccinated or must have received placebo. All
reported clinical or laboratory-confirmed outcomes and
all types of local and systemic adverse events were considered. No restrictions were made regarding study type,
publication language, and publication status.
Search strategy and data extraction

The systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement [20]. The study protocol of this review is available in Additional file 1. The
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literature search was independently developed by two reviewers (CR and TH) and discussed with a librarian of the
Robert Koch Institute. Two reviewers (CR and TH) independently searched MEDLINE, EMBASE, and Cochrane
Central Register of Controlled Trials (date of last search:
November 25, 2014) and the screening process was not
different for citations versus full-text articles. For complete
search strategy, see Additional file 2. In addition, ClinicalTrials.gov and reference lists of all identified studies were
reviewed for additional studies.
From each eligible original study, two independent reviewers (CR and TH) extracted study characteristics and
assessed methodological quality, using standardized
forms. Extraction forms were pilot tested with the first
identified study and disease-specific data (e.g., diagnosis
of type of diabetes; type of therapy) were added. For one
study [21], the corresponding author was contacted to
resolve discrepancies in published data. For a study,
which was published as a congress abstract [22], we contacted the authors to obtain further details. In case of
disagreements regarding screening, data extraction, and
quality assessment a final decision was made by consensus or resolved by a third reviewer (OW). The following
information was extracted: country, year, study design,
age at vaccination, sex, identification of diabetic patients,
conflict of interest declared by study authors, vaccine
used (name, manufacturer), number of vaccinated and
unvaccinated participants, proportion of participants lost
to follow up, relative risks, odds ratios, hazard ratios, risk
difference for defined outcomes, confounder-adjusted estimates, confounders considered, and control period (offseason) estimates.
Assessment of bias

The Cochrane Risk of Bias tool was used to assess risk
of bias in randomized controlled trials (RCTs) and the
Newcastle-Ottawa Scale was used to assess the risk of
bias in quasi-experimental studies and in observational
studies. Following the suggestions made by the Cochrane
Collaboration [23], we assessed risk of bias separately for
each outcome and expressed the results as a considered
judgment, using the categories ‘high risk of bias’, ‘low
risk of bias’, and ‘unclear risk of bias’. In addition, we
assessed the risk of healthy vaccinee bias and confounding by indication in the included studies. Details of the
methodology are described in Additional file 3.
Assessment of quality of the body of evidence

We used the GRADE methodology to assess the quality of
the respective body of evidence for each outcome [24,25].
According to GRADE, outcomes of an intervention
are categorized into four levels of evidence quality: +very
low, ++ low, +++ moderate, and ++++ high. In GRADE,
bodies of evidence from RCTs start as high quality
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evidence, whereas those from observational studies start
as low quality evidence. Defined criteria are applied to either decrease or increase quality of evidence rating. Details on the GRADE methodology can be found elsewhere
[25-27]. Applying the principle of assessing the best available evidence, we assessed the results of the confounderadjusted analyses with GRADE.
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coverage data on diabetic patients were provided (details
on excluded studies are reported in Additional file 4).
No additional studies reporting on influenza VE or safety
specifically in subgroups of diabetic patients were identified in the Cochrane review on influenza vaccination in
the elderly [30].
Study characteristics

Statistical analysis

Abstracted data were aggregated in tables, together with
risk of bias assessments. Risk ratios, odds ratios, risk differences and corresponding 95% confidence intervals
(95% CIs) were either calculated or extracted directly
from the publications. VE was calculated as 1–(risk ratio
comparing vaccine and control recipients) × 100.
All analyses were performed separately according to
study design and age group. Where data from more than
one study on a given outcome were available, we performed meta-analysis, using a random-effects model to
account for heterogeneity. I2 was used to quantify the
extent of heterogeneity. In addition to pooling crude estimates, we pooled confounder-adjusted estimates if they
were adjusted at least for age, sex, and comorbidities. To
evaluate the presence of residual confounding, we contrasted estimates of VE measured during the influenza
season to estimates measured during ‘control periods’
outside the influenza season in the same studies. Using
the confounder-adjusted estimate, residual confounding
was defined to be present if vaccination had a statistically significant effect on a given outcome in the absence
of influenza virus circulation (‘off-season’). Formal testing for publication bias was not done since study numbers for each outcome were too small. Calculations were
done using STATA 12 (StataCorp LP, Texas, USA) and
Review Manager (RevMan 5.2, Cochrane Collaboration).
The results of the GRADE evidence rating were recorded in GRADE evidence profiles using the GRADEpro software [28].

Results
Selection of studies

After removal of duplicates, we identified 1,444 records
in electronic databases (Figure 1) and finally included a
total of 11 original studies comprising data of 170,924
diabetic patients. Of these, 10 were identified via databases and one study [29] was identified from a reference
list. In addition, we identified one conference abstract
[22] which, however, did not provided sufficient data to
be extracted. We did not identify further unpublished
data. All studies were published in English. The main
reasons for exclusion were that no data on vaccine effectiveness or vaccine safety in diabetic patients were
reported, that studies did not provide original data (e.g.,
narrative review or guidelines), or that only vaccine

We included six cohort [21,29,31-34] and five case–control [35-39] studies. No RCTs or other experimental or
quasi-experimental studies were identified. Six studies
[21,29,32,34,37,39] included patients aged 65 or older
and two case–control studies [35,38] provided stratified
analyses on both elderly and adults of working-age (18
to 64 years). None of the studies presented data on children or adolescents. One article [31] did not report the
age of included patients (Table 1).
Nine of 11 studies used either International Classification of Diseases Codes (ICD-9/10) or International Classification of Primary Care Codes from clinical records or
administrative databases to identify diabetic patients and
subsequent influenza disease. Only one study provided
data on the type of diabetes, glycemic control, and number of years that patients lived with diabetes [36]. One
study reported on three different vaccine types that were
used by included patients [37]. However, a stratified analysis (e.g., VE of adjuvanted vs. non-adjuvanted vaccines)
was not possible, since diabetic patients were not stratified accordingly.
Five studies gave information on potential conflicts of
interest [32,35,37-39]. Of those, in one study, a coauthor received consulting fees and had served on an
advisory board of a pharmaceutical company [38].
Reported outcomes

Overall, six different clinical outcomes were reported.
Outcomes that were addressed by at least one of the studies were all-cause mortality, all-cause hospitalization,
hospitalization due to influenza or pneumonia (based on
hospital discharge diagnosis codes), influenza-like illness
(ILI), admission to an intensive care unit (ICU), and respiratory failure (Additional file 5). Since it was unclear
whether the outcomes ICU-admissions and respiratory
failures reported in one study [39] were a subgroup analysis of hospitalized cases, these outcomes were excluded
from the final analysis. Two studies additionally provided
data on the compound outcome ‘hospitalization or death’
[29,38]. None of the studies reported data on vaccine
safety and none of the studies gave data on laboratoryconfirmed influenza infections. Four of 11 studies did not
report adjusted VE estimates [21,31,33,37] and one study
did not provide crude point estimates [35]. Three studies
measured ‘pseudo-effectiveness’ of influenza-related outcomes off-season [21,32,35].
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Figure 1 Flow chart for the systematic literature search and study selection related to efficacy, effectiveness, and safety of influenza
vaccines in diabetic patients.

Risk of bias assessment in individual studies

Outcome-specific risk of bias assessment is presented in
Additional file 6. In six cohort studies, eight estimates
were reported. In two cohort studies, risk of bias was
low regarding all-cause mortality and the compound
outcome hospitalization or death, respectively. The
remaining estimates, which were reported in cohort
studies, had a high risk of bias.
In the five case–control studies, 18 estimates for different outcomes were reported. Six estimates presented
by four studies indicated high risk of bias, whereas the
remaining 12 estimates were at low risk (Additional file
6). Notably, in one study [35] risk of bias differed within
the study among different outcomes and age groups: in
adults of working-age, risk of bias was high for all-cause
hospitalization but low for hospitalization due to influenza or pneumonia and for ILI, whereas, among the elderly, risk of bias was high for all these outcomes.
In 7 of the 11 included studies confounding by indication was likely (Additional file 3): baseline characteristics
showed that vaccinated participants had more comorbidities than unvaccinated participants. Healthy vaccinee

bias, however, was likely to be present in a subgroup of
patients in one study only; Lau et al. [35] showed that,
among the elderly, vaccinated patients had fewer comorbidities than unvaccinated participants.
Vaccine effectiveness in adults aged 18 to 64 years

Overall, three case–control and one cohort study presented data on working-age adults. Crude and adjusted
odds ratios for single studies for all outcomes are shown
in Additional file 5. In the pooled analysis (Table 2), adjusted point estimates correspond to VE of 58% (95% CI,
6–81%, I2 = 77%, n = 3) against all-cause hospitalization.
Point estimates regarding hospitalization due to influenza or pneumonia were reported by only one study and
corresponded to a VE of 43% (95% CI, 28–54%, n = 1).
Regarding all-cause mortality and ILI, no statistically significant protective effects were observed; however, adjusted estimates for each of the latter three outcomes
were reported by only one study. Off-season VE estimates against all-cause hospitalization calculated in one
study were lower than estimates during influenza seasons, but still showed a protective effect (VE, 27% (95%

Author

Study design, year

Country

Age in years
(mean or range)

Percentage male

Identification of
diabetic patients

Predominantly
circulating influenza
(sub)strains

Study size (n)

Hak [29]

Prospective, 1996/1997
and 1997/1998

US

≥65, but not reported for
diabetic sub-cohort

Not reported for
diabetic sub-cohort

ICD-9 codes, database of
managed care organizations

A(H3N2) in both seasons

14,915 in 96/97

Heymann [21]

Retrospective, 2000/2001

Israel

Vacc., 72.8 ± 0.6

Vacc., 51.8

Not reported

16,383

Non-vacc., 73.1 ± 0.5

Non-vacc., 42.1

ICD-9 codes, diabetes register
of healthcare service

Isotani [31]

Retrospective, 1999/2000

Japan

Not reported

Not reported

Outpatient clinic, unclear

Influenza A

450

Rodriguez-Blanco [32]

Retrospective, 2002–2005

Spain

Vacc., 75.2 ± 6.5

Vacc., 39.8

ICD-9 codes, clinical records

A(H3N2)

2,650

Non-vacc., 73.1 ± 6.9

Non-vacc., 42.2

Cohort studies

21,991 in 97/98

Selvais [33]

Prospective, 1995/96

Belgium

56.3 ± 15.9 years

55

Diabetes clinic, unclear

Not reported

432

Schade [34]

Retrospective, 1995–1997

US

65 to 114 years

Not reported

ICD-9 codes, hospital discharge

Not reported

26,443 in 96/97
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Table 1 Characteristics of included studies on influenza vaccine effectiveness in diabetic patients

23,839 in 97/98
Case–control studies
Colquhoun [36]

not matched, 1989 and 1993

UK

≤19–85 years

Cases, n = 59

ICD-9 codes, diabetes register

Controls, n = 55

1989, A(H3N2)
1993, A(H3N2) and B

114 (37 cases,
77 controls)

Gasparini [37]

Matched, 2010/11

Italy

Not reported for diabetic
sub-cohort

Not reported for
diabetic sub-cohort

ICD-9 codes, hospital discharge

A(H1N1)pdm, and B

78 (46 cases,
32 controls)

Lau2 [35]

Nested, 2000–2008

Canada

Working-age, 53

Working age, 52
elderly, 47

ICD-9/10 codes, administrative
database

Not reported

91,605

Cases, 51.6 controls, 38.3

ICPC codes, general practitioners

A(H3N2)

1,753 (192 cases,
1,561 controls)

Vacc., 73.1 ± 5.9

Vacc, 50.0

ICD-9 codes, NHRI-database

Not reported

Non-vacc., 73.2 ± 6.8

Non-vacc., 49.5

9,025 (4,571 vacc.,
4,454 non-vacc.)

1

Elderly, 74
Looijmans [38]

Nested, 1999/2000

Netherlands

Wang [39]

Nested, 2001–2009

Taiwan

Cases, 68.1 ± 13.7
Controls, 69.8 ± 12.6

Total population

170,9243

1
Median; 2Published as cohort study, however, due to matching of controls, this study was considered as case–control study here; 3Since overlapping of the study population reported by Hak et al. and Schade et al.
for two influenza seasons cannot be ruled out for calculation of the total population for each study numbers of only one season were used.
ICD, International classification of diseases codes; ICPC, International Classification of Primary Care Codes; NHRI, Claims data from the National Health Research Institutes Database.
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Outcome/Design

No of studies
included

Crude OR
(95% CI)

I2

No of studies
included

Adjusted OR
(95% CI)

I2

No of studies
included

Off-season adjusted
OR (95% CI)

I2

0–17

No studies

0

–

–

0

–

–

0

–

–

18–64

All-cause mortality
1

0.46 (0.11–1.89)

NA1

1

0.76 (0.07–8.06)

NA1

0

–

NA1

2

0.32 (0.19–0.54)

0%

3

0.42 (0.19–0.94)

77%

1

0.73 (0.65–0.83)

NA1

0

–

–

1

0.57 (0.46–0.72)

NA1

1

0.88 (0.68–1.14)

NA1

Cohort studies

1

0.76 (0.50–1.15)

NA1

0

–

–

0

–

–

Case–control studies

0

–

–

1

0.99 (0.97–1.01)

NA1

1

1.00 (0.90–1.12)

NA1

Cohort studies

3

0.54 (0.37–0.79)

90%

2

0.62 (0.57–0.68)

0%

1

0.70 (0.37–1.31)

NA1

Case–control studies

2

0.39 (0.35–0.43)

0%

2

0.44 (0.36–0.53)

0%

0

–

–

Cohort studies

1

0.83 (0.72–0.95)

NA1

0

–

–

1

0.91 (0.71–1.17)

NA1

Case–control studies

2

0.89 (0.81–0.98)

0%

3

0.77 (0.60–0.99)

94%

1

0.66 (0.59–0.74)

NA1

1

0.20 (0.07–0.61)

NA1

1

0.55 (0.47–0.66)

NA1

1

0.48 (0.32–0.70)

NA1

0

–

–

1

0.87 (0.84–0.90)

NA1

1

0.82 (0.70–0.96)

NA1

1

1.75 (0.10–32.68)

NA1

0

–

–

0

–

–

1

0.34 (0.02–5.85)

NA1

0

–

–

0

–

–

Age-group (years)

Case–control studies
All-cause hospitalization
Case–control studies
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Table 2 Pooled crude and adjusted odd ratios of influenza vaccine effectiveness (per outcome) during influenza-season and off-season in vaccinated vs.
unvaccinated diabetic patients

Influenza/pneumonia hospitalization
Case–control studies
Influenza-like illness

≥65

All-cause mortality

All-cause hospitalization

Influenza/pneumonia hospitalization
Case–control studies
Influenza-like illness
Case–control studies
Not reported

Influenza/pneumonia hospitalization
Cohort studies
Influenza-like illness
Cohort studies

OR, Odds ratio; 95% CI, 95% Confidence interval; 1Only one study.
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CI, 17–35%, n = 1)), thereby indicating residual confounding. Off-season VE estimates regarding other outcomes were not statistically significant.
Vaccine effectiveness in elderly aged 65 and older

Crude and adjusted odds ratios for all outcomes in elderly
diabetic patients are shown in Table 2. In cohort studies,
pooled analysis of adjusted point estimates showed protective effects of influenza vaccination against all-cause
mortality (adjusted VE 38%, 95% CI, 32–43%, I2 = 0%,
n = 2). For the remaining outcomes, only crude point estimates were reported by cohort studies and off-season estimates did not indicate residual confounding here.
Pooled analysis of case–control studies indicated that
influenza vaccination prevented all-cause mortality (adjusted VE 56%, 95% CI, 47–64%, I2 = 0%, n = 2) and allcause hospitalization (adjusted VE 23%, 95% CI, 1–40%,
I2 = 94%, n = 3). Only one study [35] reported data on
VE against hospitalization due to influenza or pneumonia
(adjusted VE 45%, 95% CI, 34–53%, n = 1), and against ILI
(adjusted VE, 13%, 95% CI, 10–16%, n = 1). However,
significant VE estimates for all-cause hospitalization,
hospitalization due to influenza or pneumonia and for ILI
were identified also off-season, often even with higher
point estimates than during influenza seasons.
High statistical heterogeneity was observed regarding
the outcome all-cause hospitalization among both adults
at working age and the elderly. However, we did not find
appropriate explanations for these high values, possibly
due to the small number of studies.
Quality of evidence

For working-age adults (18 to 64 years), evidence for a
protective effect of influenza vaccination on all-cause
mortality was assessed as being of very low quality due
to a high imprecision of the estimate. The same quality
assessment applied to all-cause hospitalization, with estimates having a high risk of bias and being imprecise.
Evidence for effects of influenza vaccination on
hospitalization due to influenza or pneumonia and effects
on ILI was assessed as being of low quality (Additional
file 7 for the GRADE evidence profile).
For elderly patients (65 years and older), evidence on
effectiveness for preventing all-cause hospitalization,
hospitalization due to pneumonia or influenza, and ILI
by influenza vaccination was rated as being of very low
quality due to serious risk of bias. For all-cause mortality, quality of evidence was low (Additional file 8 for the
GRADE evidence profile).

Discussion
The evidence on the effectiveness of influenza vaccination in preventing clinical outcomes in patients with
diabetes is limited for elderly and adults, and absent for
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children and adolescents. For elderly patients, the quality
of evidence was low for preventing all-cause mortality
and very low for all other clinical outcomes. In workingage adults, vaccination was shown effective only against
hospitalization due to influenza or pneumonia (quality
of evidence: low), whereas no effect was found against
any other clinical outcome (quality of evidence: low to
very low). In the absence of RCTs, quality of evidence
was strongly limited through risk of bias and residual
confounding in the observational studies.
Why the evidence was limited

In our review, we found the currently available evidence
on the effectiveness of influenza vaccination in preventing clinical outcomes in diabetic patients to be limited
for several reasons. The first important limitation concerns the unavailable data for specific age groups or outcomes. Although a shift towards younger ages has been
observed in the manifestation of diabetes in several industrialized countries [40-43], no studies were identified
which reported data on influenza VE in diabetic children
or adolescents. Additionally, the number of studies on
working-age adults and elderly people with diabetes can
be regarded as relatively small given the public health
relevance of both diabetes and influenza. This ultimately
led to wide confidence intervals – at least for some outcomes – which limited the conclusions that could be
drawn from these estimates. The lack of studies on
safety outcomes related to influenza vaccines when used
in diabetic patients was surprising. However, influenza
vaccines have been used for decades and safety did not
appear to be a serious issue in healthy adults or elderly
[30,44]. Regarding diabetic patients, one study compared
reactogenicity of trivalent inactivated influenza vaccines
with virosomal influenza vaccines in children with diabetes type 1 and found only transient and non-severe
adverse events in both groups [45]. Serious adverse
events in diabetic patients following influenza vaccination have been reported only in case studies. One study
reported two cases of pancreas transplant rejection in
patients with diabetes type 1 after immunization against
pandemic influenza (H1N1pdm) [46]. Another patient
with a family history of type 2 diabetes developed fulminant type 1 diabetes with thrombocytopenia within
7 days after seasonal influenza vaccination [47]. Thus,
overall, reactogenicity or severe side effects in patients
with diabetes does not seem to be frequent or different
from healthy adults.
A second limitation was the choice of case definitions.
In the observational studies included in our review, patients with diabetes were mainly identified via disease
classification codes. Due to the nature of register-based
studies, unspecific outcomes (i.e., outcomes without laboratory confirmation of the diagnosis) were used for

Remschmidt et al. BMC Medicine (2015) 13:53

identifying influenza disease or related outcomes. Since
non-specific outcomes are known to be a poor proxy
for influenza, outcomes such as all-cause hospitalization
or ILI usually underestimate VE due to dilution effects
(since many other causes can lead to the same outcome). In
contrast, the outcome ‘influenza/pneumonia hospitalization’
is more specific and might be based on laboratory confirmation by some but not all physicians. However, misclassification is still possible due to selective testing or
if the discharge diagnosis was only based on clinical
judgment, which can lead to over- or underestimation
of VE. Therefore, laboratory confirmation has been advocated as a minimum requirement for studies assessing influenza vaccine efficacy or effectiveness [48-51].
However, such data were not available in the studies
analyzed here.
A third limitation concerns the design of available
studies. Namely, no RCTs or other experimental studies
have been performed so far, to determine the effects of
influenza vaccination in the large group of diabetic patients. In observational studies on the effectiveness of influenza vaccination in the presence of comorbidities,
two different types of confounding have been described,
which affect the comparability of vaccinated and unvaccinated participants. If patients with underlying chronic
diseases are more likely to be vaccinated, selection for
vaccination is confounded by factors that are also related
to clinical outcomes. This scenario is referred to as ‘confounding by indication’ [52]. If no adequate statistical
adjustment (e.g., for comorbidities) is made, confounding by indication leads to an underestimation of VE. The
alternative scenario is called ‘healthy vaccinee bias’ and
refers to a situation when patients who are in better
health condition are more likely to be vaccinated [53]. If
not corrected for, healthy vaccinee bias leads to an overestimation of VE. We found nearly all of the studies analyzed here to be at risk of confounding by indication. If
no correct adjustment had been made for comorbidities,
these studies would have underestimated VE. Indication
for healthy vaccinee bias was observed in only one study
in elderly patients. Since identification of both confounding by indication and healthy vaccine bias is challenging, some authors have suggested using off-season
estimates of VE as control period to assess the extent of
residual confounding [54]. Any effect of vaccination
measured during off-seasons is therefore attributable to
confounding. If confounder-adjusted VE estimates do
not differ between influenza season and off-season, residual confounding is likely to be present. In our metaanalysis, residual confounding was likely to seriously
affect VE estimates in the elderly but only to a small extent in working-age adults. This fits well with the possibility of healthy vaccinee bias in the study by Lau et al.
[35], which provided the majority of off-season estimates
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for this analysis. Adjusting for functional status rather
than comorbidities in observational studies might reduce
the impact of residual confounding in observational
studies [55]; however, ultimately, these problems can
only be solved by the conduct of RCTs or by designing
other experimental or quasi-experimental studies which
minimize bias and confounding.
Interpretation of meta-analysis results

Our meta-analysis indicated that in working-age adults
with diabetes, influenza vaccination prevents hospitalizations but not death or ILI. In contrast to the outcome
‘all-cause hospitalization’, for which a significant offseason effect suggests residual confounding, the more
specific outcome ‘influenza/pneumonia hospitalization’
seems more robust and not impaired by residual confounding. For this outcome, only one observational
study was identified and showed a VE of 43%, thereby
indicating a moderate effectiveness. Why no effect of
vaccination was found against all-cause mortality and
ILI remains unclear; however, this might be due to the
fact that the number of deaths in this age-group is small
and that the effect against ILI is diluted through the unspecific clinical case-definition of the outcome itself
[56].
Regarding elderly diabetic patients, the results of our
meta-analysis showed protection against all-cause mortality and hospitalizations as well as against ILI. However, residual confounding was likely in all outcomes as
demonstrated by significant off-season VE estimates except for all-cause mortality. For all-cause mortality, the
VE estimate during off-season had a wide 95% CI and
the point estimate was not significantly different from
the VE point estimate during influenza season. In fact,
studies among elderly people have found that VE estimates against all-cause deaths were higher than expected
given the observed effectiveness against laboratoryconfirmed influenza cases [57,58]. It was concluded that
selection bias have led observational studies to greatly
exaggerate influenza vaccine benefits in this particular
age group [55,59]. Overall, these findings indicate a VE
overestimation for all outcomes in elderly diabetic patients, and no precise estimate of a preventive effect can
be inferred from these data.
Strengths and limitations of this review

Our systematic review has several strengths. It is the first
systematic evaluation of the literature on this topic, covering published data on more than 170,000 diabetic patients.
We performed an outcome- and age group-specific quality
assessment of individual studies and assessed the quality
of evidence of each reported outcome using the GRADE
methodology. We paid particular attention to residual
confounding in the observational studies by comparing
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estimates of VE during influenza seasons to those obtained outside seasons. Furthermore, interpreting and
drawing conclusions from the studies was challenging.
This was mainly due to the identified limitations of the included studies, namely the lack of RCTs and other experimental studies and the high risk of bias. In addition, only
one of the included studies provided data on type of diabetes or glycemic control. Given the wide spectrum of disease severity and treatment success in diabetic patients,
influenza VE might differ substantially between patient
sub-groups. Factors such as severity of disease and treatment success, differences in study settings and healthcare
systems, and methodological variations, might have caused
the statistical heterogeneity observed for some outcomes.
However, due to the small number of studies it was not
possible to investigate this issue by subgroup analysis.

Conclusions
The WHO and several NITAGs recommend seasonal influenza vaccination of patients with diabetes, regardless of
age and severity of the diabetic disease [3-7]. For NITAGs,
knowledge about the strength of the vaccine effect and the
quality of the underlying evidence are crucial for decision
making. However, there are also other relevant key criteria
such as disease severity, burden of the disease in a population, and the availability of other preventive measures
[60]. Given the large number of people living with diabetes
worldwide, it is surprising that it is impossible to determine to which extent diabetic patients benefit from seasonal influenza vaccination.
On the other hand, the absence of alternative effective
preventive measures and the good safety profile of seasonal influenza vaccines can still justify the decision to
vaccinate the patient even if the quality of evidence on
the effectiveness is low. This is particularly true if other
underlying risk factors might put the diabetic patient at
an increased risk for severe influenza disease.
Given the low to very low quality of evidence related to
influenza VE in diabetic adults and elderly and the lack of
evidence in children with diabetes, RCTs or carefully conducted quasi-experimental studies using laboratoryconfirmed influenza-specific outcomes (e.g., studies using
instrumental variable method [61]) are urgently needed to
clarify the true effect of influenza vaccination in this important patient population.
Additional files
Additional file 1: Protocol for the systematic review.
Additional file 2: Search strategy.
Additional file 3: Healthy vaccinee bias and confounding by
indication in the included studies.
Additional file 4: List of excluded studies.

Page 9 of 11

Additional file 5: Crude, adjusted and off-season point estimates
and risk of bias in included studies.
Additional file 6: Application of the Newcastle-Ottawa scale for
outcome-specific risk of bias assessment in individual studies.
Additional file 7: GRADE evidence profile in diabetic patients at
working age (18–64 years).
Additional file 8: GRADE evidence profile in elderly persons with
diabetes (≥65 years).

Abbreviations
CI: Confidence interval; GRADE: Grading of recommendations assessment
development and evaluation; ICU: Intensive care unit; ILI: Influenza-like illness;
NITAG: National immunization technical advisory group; RCT: Randomized
controlled trial; VE: Vaccine effectiveness; WHO: World health organization.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
CR and TH were responsible for the study design. CR and TH performed the
literature search, data extraction, statistical analysis and interpretation of the
data, and drafted the manuscript. OW interpreted the data, gave important
intellectual content, and revised the manuscript critically. All authors read
and approved the final manuscript.
Acknowledgements
We thank Henriette Senst MA (LIS) from the library of the Robert Koch
Institute for her support in the development of the literature searches.
Received: 9 October 2014 Accepted: 13 February 2015

References
1. Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Paciorek CJ, et al.
National, regional, and global trends in fasting plasma glucose and diabetes
prevalence since 1980: systematic analysis of health examination surveys
and epidemiological studies with 370 country-years and 2.7 million
participants. Lancet. 2011;378:31–40.
2. Mertz D, Kim TH, Johnstone J, Lam PP, Science M, Kuster SP, et al.
Populations at risk for severe or complicated influenza illness: systematic
review and meta-analysis. BMJ. 2013;347:f5061.
3. World Health Organization, Strategic Advisory Group of Experts (SAGE) Working
Group. Background paper on influenza vaccines and immunization. 2012. http://
www.who.int/entity/immunization/sage/meetings/2012/april/1_Background_
Paper_Mar26_v13_cleaned.pdf?ua=1. Accessed on 19 March, 2014.
4. Centers for Disease Control and Prevention (CDC). Prevention and control
of seasonal influenza with vaccines. Recommendations of the Advisory
Committee on Immunization Practices – United States, 2013–2014. MMWR
Recomm Rep. 2013;62:1–43.
5. Public Health England: Chapter 19: Influenza. The green book. Updated 11
September 2013. https://www.gov.uk/government/publications/influenzathe-green-book-chapter-19. Accessed on 20 March 2014. 2013.
6. German Standing Committee on Vaccination (STIKO): [Empfehlungen der
Ständigen Impfkommission (STIKO) am Robert Koch-Institut/Stand: August
2013]. Epidemiologisches Bulletin 34/2013. https://www.rki.de/DE/Content/
Infekt/EpidBull/Archiv/2013/Ausgaben/34_13.pdf;jsessionid=7DE55B4223
04CC5842CE18900F8E43A1.2_cid372?__blob=publicationFile. Accessed on
19 March 2014. 2013.
7. National Advisory Committee on Immunization (NACI): Statement on
seasonal influenza vaccine for 2013–2014. Canada communicable disease
report. October 2013, Volume 39, ACS-4. http://www.phac-aspc.gc.ca/
publicat/ccdr-rmtc/13vol39/acs-dcc-4/index-eng.php. Accessed on 19
March, 2014. 2013.
8. Muller LM, Gorter KJ, Hak E, Goudzwaard WL, Schellevis FG, Hoepelman AI,
et al. Increased risk of common infections in patients with type 1 and type
2 diabetes mellitus. Clin Infect Dis. 2005;41:281–8.
9. Shah BR, Hux JE. Quantifying the risk of infectious diseases for people with
diabetes. Diabetes Care. 2003;26:510–3.

Remschmidt et al. BMC Medicine (2015) 13:53

10. Calvet HM, Yoshikawa TT. Infections in diabetes. Infect Dis Clin North Am.
2001;15:407–21.
11. Yende S, van der Poll T, Lee M, Huang DT, Newman AB, Kong L, et al. The
influence of pre-existing diabetes mellitus on the host immune response
and outcome of pneumonia: analysis of two multicentre cohort studies.
Thorax. 2010;65:870–7.
12. Collaboration ERF, Seshasai SR, Kaptoge S, Thompson A, Di Angelantonio E,
Gao P, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific
death. N Engl J Med. 2011;364:829–41.
13. Diepersloot RJ, Bouter KP, Beyer WE, Hoekstra JB, Masurel N. Humoral
immune response and delayed type hypersensitivity to influenza vaccine in
patients with diabetes mellitus. Diabetologia. 1987;30:397–401.
14. Muszkat M, Friedman G, Dannenberg HD, Greenbaum E, Lipo M, Heymann
Y, et al. Response to influenza vaccination in community and in nursing
home residing elderly: relation to clinical factors. Exp Gerontol.
2003;38:1199–203.
15. Frasca D, Diaz A, Romero M, Mendez NV, Landin AM, Ryan JG, et al. Young
and elderly patients with type 2 diabetes have optimal B cell responses to
the seasonal influenza vaccine. Vaccine. 2013;31:3603–10.
16. Pozzilli P, Gale EA, Visalli N, Baroni M, Crovari P, Frighi V, et al. The immune
response to influenza vaccination in diabetic patients. Diabetologia.
1986;29:850–4.
17. Dorrell L, Hassan I, Marshall S, Chakraverty P, Ong E. Clinical and serological
responses to an inactivated influenza vaccine in adults with HIV infection,
diabetes, obstructive airways disease, elderly adults and healthy volunteers.
Int J STD AIDS. 1997;8:776–9.
18. El-Madhun AS, Cox RJ, Seime A, Sovik O, Haaheim LR. Systemic and local
immune responses after parenteral influenza vaccination in juvenile diabetic
patients and healthy controls: results from a pilot study. Vaccine.
1998;16:156–60.
19. Reber A, Katz J. Immunological assessment of influenza vaccines and
immune correlates of protection. Expert Rev Vaccines. 2013;12:519–36.
20. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Ann
Intern Med. 2009;151:264–9. W264.
21. Heymann AD, Shapiro Y, Chodick G, Shalev V, Kokia E, Kramer E, et al.
Reduced hospitalizations and death associated with influenza vaccination
among patients with and without diabetes. Diabetes Care. 2004;27:2581–4.
22. Vamos EP, Pape UJ, Curcin V, Harris MJ, Valabhji J, Majeed A, et al. Influenza
vaccine effectiveness against hospitalisation and death in people with Type
2 diabetes. Wiley-Blackwell; 2014, p. 74–75. http://onlinelibrary.wiley.com/
doi/10.1111/dme.12378_2/pdf.
23. Higgins J, Green S. Cochrane Handbook of Systematic Reviews of
Interventions. Cochrane Collaboration. 2011. http://handbook.cochrane.org/.
24. Guyatt GH, Oxman AD, Schunemann HJ. GRADE guidelines-an introduction
to the 10th-13th articles in the series. J Clin Epidemiol. 2013;66:121–3.
25. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE: an emerging consensus on rating quality of evidence and strength
of recommendations. BMJ. 2008;336:924–6.
26. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading
quality of evidence and strength of recommendations. BMJ. 2004;328:1490.
27. Guyatt GH, Oxman AD, Schunemann HJ, Tugwell P, Knottnerus A. GRADE
guidelines: a new series of articles in the Journal of Clinical Epidemiology.
J Clin Epidemiol. 2011;64:380–2.
28. Guyatt GH, Thorlund K, Oxman AD, Walter SD, Patrick D, Furukawa TA, et al.
GRADE guidelines: 13. Preparing summary of findings tables and evidence
profiles-continuous outcomes. J Clin Epidemiol. 2013;66:173–83.
29. Hak E, Nordin J, Wei F, Mullooly J, Poblete S, Strikas R, et al. Influence of
high-risk medical conditions on the effectiveness of influenza vaccination
among elderly members of 3 large managed-care organizations. Clin Infect
Dis. 2002;35:370–7.
30. Jefferson T, Di Pietrantonj C, Al-Ansary LA, Ferroni E, Thorning S, Thomas RE.
Vaccines for preventing influenza in the elderly. Cochrane Database Syst
Rev. 2010;2:CD004876.
31. Isotani H. Use of influenza vaccine in patients with diabetes, particularly
those with complications of cardiac or renal disease. Intern Med.
2000;39:862.
32. Rodriguez-Blanco T, Vila-Corcoles A, de Diego C, Ochoa-Gondar O, Valdivieso E,
Bobe F, et al. Relationship between annual influenza vaccination and winter
mortality in diabetic people over 65 years. Hum Vaccin Immunother.
2012;8:363–70.

Page 10 of 11

33. Selvais PL, Hermans MP, Donckier JE, Buysschaert M. Reported rates,
incentives, and effectiveness of major vaccinations in 501 attendees at two
diabetes clinics. Diabetes Care. 1997;20:1212–3.
34. Schade CP, McCombs MA. Influenza immunization and mortality
among diabetic Medicare beneficiaries in West Virginia. W V Med J.
2000;96:444–8.
35. Lau D, Eurich DT, Majumdar SR, Katz A, Johnson JA. Effectiveness of influenza
vaccination in working-age adults with diabetes: a population-based cohort
study. Thorax. 2013;68:658–63.
36. Colquhoun AJ, Nicholson KG, Botha JL, Raymond NT. Effectiveness of
influenza vaccine in reducing hospital admissions in people with diabetes.
Epidemiol Infect. 1997;119:335–41.
37. Gasparini R, Amicizia D, Lai PL, Rossi S, Panatto D. Effectiveness of
adjuvanted seasonal influenza vaccines (Inflexal V (R) and Fluad (R)) in
preventing hospitalization for influenza and pneumonia in the elderly: a
matched case–control study. Hum Vaccin Immunother. 2013;9:144–52.
38. Looijmans-Vanden Akker I, Verheij TJ, Buskens E, Nichol KL, Rutten GE, Hak E.
Clinical effectiveness of first and repeat influenza vaccination in adult and
elderly diabetic patients. Diabetes Care. 2006;29:1771–6.
39. Wang IK, Lin CL, Chang YC, Lin PC, Liang CC, Liu YL, et al. Effectiveness of
influenza vaccination in elderly diabetic patients: a retrospective cohort
study. Vaccine. 2013;31:718–24.
40. Dahlquist GG, Nystrom L, Patterson CC, Swedish Childhood Diabetes Study
Group, Diabetes Incidence in Sweden Study Group. Incidence of type 1
diabetes in Sweden among individuals aged 0–34 years, 1983–2007: an
analysis of time trends. Diabetes Care. 2011;34:1754–9.
41. Ehehalt S, Dietz K, Willasch AM, Neu A. Baden-Wurttemberg Diabetes Incidence
Registry Group. Epidemiological perspectives on type 1 diabetes in childhood
and adolescence in Germany: 20 years of the Baden-Wurttemberg Diabetes
Incidence Registry (DIARY). Diabetes Care. 2010;33:338–40.
42. Patterson CC, Dahlquist GG, Gyurus E, Green A, Soltesz G, EURODIAB Study
Group. Incidence trends for childhood type 1 diabetes in Europe during
1989–2003 and predicted new cases 2005–20: a multicentre prospective
registration study. Lancet. 2009;373:2027–33.
43. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE.
Global estimates of diabetes prevalence for 2013 and projections for 2035.
Diabetes Res Clin Pract. 2014;103:137–49.
44. Demicheli V, Jefferson T, Al-Ansary LA, Ferroni E, Rivetti A, Di Pietrantonj C.
Vaccines for preventing influenza in healthy adults. Cochrane Database Syst
Rev. 2014;3:CD001269.
45. Zuccotti GV, Scaramuzza A, Riboni S, Mameli C, Pariani E, Tanzi E, et al.
Long-lasting immunogenicity of a virosomal vaccine in older children and
young adults with type I diabetes mellitus. Vaccine. 2009;27:5357–62.
46. Vistoli F, Focosi D, De Donno M, Giannecchini S, Mariotti ML, Occhipinti M,
et al. Pancreas rejection after pandemic influenza virus A(H1N1) vaccination
or infection: a report of two cases. Transpl Int. 2011;24:e28–9.
47. Yasuda H, Nagata M, Moriyama H, Kobayashi H, Akisaki T, Ueda H, et al.
Development of fulminant Type 1 diabetes with thrombocytopenia after
influenza vaccination: a case report. Diabet Med. 2012;29:88–9.
48. Kissling E, Valenciano M, Falcao J, Larrauri A, Widgren K, Pitigoi D, et al. ‘I-MOVE’
towards monitoring seasonal and pandemic influenza vaccine effectiveness:
lessons learnt from a pilot multi-centric case–control study in Europe, 2008–9.
Euro Surveill. 2009;14:19388.
49. Navarro-Mari JM, Perez-Ruiz M, Cantudo-Munoz P, Petit-Gancedo C,
Jimenez-Valera M, Rosa-Fraile M, et al. Influenza-like illness criteria were
poorly related to laboratory-confirmed influenza in a sentinel surveillance
study. J Clin Epidemiol. 2005;58:275–9.
50. Woolpert T, Brodine S, Lemus H, Waalen J, Blair P, Faix D. Determination of
clinical and demographic predictors of laboratory-confirmed influenza with
subtype analysis. BMC Infect Dis. 2012;12:129.
51. Thomas RE. Is influenza-like illness a useful concept and an appropriate test
of influenza vaccine effectiveness? Vaccine. 2014;32:2143–9.
52. Hak E, Verheij TJ, Grobbee DE, Nichol KL, Hoes AW. Confounding by
indication in non-experimental evaluation of vaccine effectiveness: the
example of prevention of influenza complications. J Epidemiol Community
Health. 2002;56:951–5.
53. Ridenhour BJ, Campitelli MA, Kwong JC, Rosella LC, Armstrong BG, Mangtani P,
et al. Effectiveness of inactivated influenza vaccines in preventing influenzaassociated deaths and hospitalizations among Ontario residents aged ≥65 years:
estimates with generalized linear models accounting for healthy vaccinee
effects. PLoS One. 2013;8:e76318.

Remschmidt et al. BMC Medicine (2015) 13:53

Page 11 of 11

54. Jackson ML, Yu O, Nelson JC, Naleway A, Belongia EA, Baxter R, et al. Further
evidence for bias in observational studies of influenza vaccine effectiveness:
the 2009 influenza A(H1N1) pandemic. Am J Epidemiol. 2013;178:1327–36.
55. Jackson LA, Jackson ML, Nelson JC, Neuzil KM, Weiss NS. Evidence of bias in
estimates of influenza vaccine effectiveness in seniors. Int J Epidemiol.
2006;35:337–44.
56. Beyer WE. Heterogeneity of case definitions used in vaccine effectiveness
studies and its impact on meta-analysis. Vaccine. 2006;24:6602–4.
57. Nichol KL, Nordin JD, Nelson DB, Mullooly JP, Hak E. Effectiveness of
influenza vaccine in the community-dwelling elderly. N Engl J Med.
2007;357:1373–81.
58. Vu T, Farish S, Jenkins M, Kelly H. A meta-analysis of effectiveness of influenza
vaccine in persons aged 65 years and over living in the community. Vaccine.
2002;20:1831–6.
59. Simonsen L, Taylor RJ, Viboud C, Miller MA, Jackson LA. Mortality benefits of
influenza vaccination in elderly people: an ongoing controversy. Lancet
Infect Dis. 2007;7:658–66.
60. Nohynek H, Wichmann O, D Ancona F, VENICE National Gatekeepers.
National Advisory Groups and their role in immunization policy-making
processes in European countries. Clin Microbiol Infect. 2013;19:1096–105.
61. Wong K, Campitelli MA, Stukel TA, Kwong JC. Estimating influenza vaccine
effectiveness in community-dwelling elderly patients using the instrumental
variable analysis method. Arch Intern Med. 2012;172:484–91.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

