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ABSTRACT
Objective: Type 2 diabetes mellitus (T2DM) is one of
the most prevalent chronic inflammatory diseases of
the elderly. Its development is related to the alteration
of the immune system with aging characterized by
immunosenescence and inflamm-aging. In turn, T2DM
also alters the immune response. As a consequence,
older people with T2DM are more susceptible to
influenza and to its complications as compared with
healthy controls. Vaccination against influenza has
shown poor efficacy in the older population and even
less efficacy in patients with diabetes. We studied here
the antibody response to vaccination in healthy and
diabetic elderly participants.
Research design and methods: In 2 groups of
elderly participants (healthy N=119 and T2DM N=102),
we measured the immunogenicity of influenza vaccine
by hemagglutination inhibition assays. We assessed
several blood and functional parameters as potential
predictors of the vaccine efficacy.
Results: We found no difference between antibody
responses in diabetic elderly compared with healthy
elderly. Among the biological and functional
determinants, the cytomegalovirus (CMV) serostatus
played a more prominent role in determining the
magnitude of response. We concluded that in addition
to age and diabetic status, immunological history such
as CMV status should be taken into account. None of
the other biological or functional parameters studied
could be reliably linked to the vaccine antibody
response in older adults who are not frail including
those with well-controlled diabetes.
Conclusions: Our data strongly suggest that influenza
vaccine should be administered to elderly patients with
T2DM; however, the immune determinants of the
antibody response to influenza vaccination should be
further investigated.

Type 2 diabetes mellitus (T2DM) is one of
the most prevalent chronic diseases of the
elderly.1 Given that diabetes in older adults
represents 50% of all cases of T2DM and
that the prevalence of diabetes peaks at
15.5% in the age group of 75–79 years,2 the
complications of diabetes will continue to
increase with aging of the population.3 Risk

for progressive disability is largely due to
chronic diseases such as arthritis, diabetes,
and peripheral vascular diseases,4 but
whether this decline is preventable remains
uncertain.5 In contrast, catastrophic disability
has been attributed to discrete illness events
including influenza and related complica-
tions including pneumonia, ischemic heart
disease, congestive heart failure, and
strokes,6 which represent four of the six
leading causes of catastrophic disability7 and
risk that could be more easily modified. To
date, healthy diet, exercise, and vaccination
remain the foundation for prevention in the
older adult population.
Several physiological changes have been

described during aging, and among them
one of the most important is immunosenes-
cence (the dysregulation of the immune
system with aging) and the related effects of
‘inflamm-aging’.8 The age-related changes in
the immune response affect mainly the

Key messages

▪ No difference between antibody responses in
diabetic elderly compared with healthy elderly.

▪ Among the biological and functional determi-
nants, the cytomegalovirus serostatus played a
more prominent role in determining response
intensity.

▪ Influenza vaccine should be administered to
elderly patients with type 2 diabetes mellitus.

Research questions

▪ How the adaptive immune system respond to
influenza vaccination in elderly patients with type
2 diabetes mellitus?

▪ What is the role of the cytomegalovirus
infection-induced inflammatory status for con-
tributing to the better vaccine response?

▪ Are there other biomarkers which influence the
response to influenza vaccination?
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adaptive compartment but innate immunity also
changes.9 This dysregulation leads to the development
of a low-grade inflammatory state which favors the
appearance of age-related diseases including cardiovas-
cular diseases, dementia, and T2DM.10 11 The causes of
these immune changes with aging are not well defined.
However, the contribution of thymic involution, chronic
antigenic stimulation, especially by persistent cyto-
megalovirus (CMV) infection, and signalling/metabolic
changes have been proposed.12 13 Thus, there is a
common belief that chronic conditions such as T2DM
further alter immune robustness in elderly individuals.14

Therefore, it is important to evaluate the efficiency of
the immune response in healthy and T2DM elderly par-
ticipants to solve these issues.
Influenza is a serious illness potentially leading to cata-

strophic disabilities in the elderly (defined as a loss of
three or more basic activities of daily living in older
adults).15 During the influenza seasonal peak, there is a
significant excess of mortality from cardiovascular dis-
eases, diabetes, pneumonia, and infections in general in
the population aged 70 years and older.6

Epidemiological studies showed a rise in hospitalization
and death rates due to influenza over the past two
decades in spite of widespread influenza vaccination
programmes16 which is not solely explained by the aging
of the population. Furthermore, sequelae following hos-
pitalizations for influenza illness17 are numerous which
significantly and in an irreversible manner diminish the
quality of life. The loss of independence in activities of
daily living and the loss of as much as 50% of lower limb
muscle strength are the major sequelae observed.18

Influenza is a preventable disease but older adults show
hyporesponsiveness that may be associated with clinical
conditions such as T2DM. Large studies have shown
that age-related immune impairments include

hyporesponsiveness to influenza vaccination by decreas-
ing anti-influenza antibody titer, especially in elderly
with T2DM.19 20 In contrast, influenza vaccination has
consistently demonstrated a reduction in hospitalization
rates for cardiovascular and pneumonia events in
the elderly,21 and although this benefit has been ques-
tioned in older people with T2DM,22 recent studies
however seem to suggest a real clinical and even
immunological effectiveness of influenza vaccination in
this population.23 24

Identified defects in immune functions related to dia-
betes are largely restricted to polymorphonuclear neu-
trophil function and a related increased risk for
bacterial infections and candidiasis.25 Studies on the effi-
ciency of the immune response to influenza vaccination
in this population are limited and the biomarkers
reflecting this efficiency are almost unknown.23 Thus, as
the clinical effectiveness of influenza vaccination is well
recognized, the aim of this study was to compare the
antibody response to influenza vaccination in healthy
elderly and older persons with optimally treated and
well-controlled T2DM. The clinical and functional bio-
markers determining the response to vaccination have
also been investigated.

RESEARCH DESIGN AND METHODS
Patients with T2DM and controls
A total of 221 participants aged ≥65 years from the com-
munities of Greater Vancouver, British Columbia, and
Sherbrooke, Quebec, were enrolled in this cross-
sectional clinical study: 119 healthy participants chosen
by the criteria of the SENIEUR protocol as already
described and 102 participants with clinically well-
controlled T2DM, treated only with oral hypoglycemic
agents: 68 T2DM patients took metformin, 10 took

Table 1 Clinical parameters of the healthy elderly and elderly type 2 diabetes participants

Parameters Healthy elderly (n=119) Type 2 diabetes (n=102) Statistics (p Value)

Age (years) 75.74±6.64 74.57±6.45 NS

Total cholesterol (mmol/L) 5.13±1.12 3.94±0.79 p<0.0001

Triglyceride (mmol/L) 1.25±0.52 1.60±0.59 p=0.0002

HDL-C (mmol/L) 1.63±0.50 1.22±0.31 p<0.0001

LDL-C (mmol/L) 2.91±0.81 1.97±0.66 p<0.0001

Glucose (mmol/L) 4.91±0.68 6.85±1.77 p<0.0001

HbA1c (%) 5.85±0.30 6.81±0.81 p<0.0001

HbA1c (mm/mol) 40±1.8 51±4.9 p<0.0001

β2 microglobulin (mg/L) 2.18±0.55 2.25±0.69 NS

CRP (mg/L) <3 <3 NS

Hemoglobin (g/L) 130.00±9.83 127.30±11.26 NS

WCC count (n×109/L) 5.57±1.30 6.32±1.66 p=0.01

Neutrophils (n×109/L 3.17±0.94 3.75±1.17 p=0.005

Lymphocytes (n×109/L) 1.64±0.53 1.69±0.61 NS

Monocytes (n×109/L) 0.55±0.18 0.61±0.23 NS

BMI 25.75±3.94 29.08±4.51 p<0.0001

Waist circumference (cm) 90.55±9.54 101.7±11.72 p<0.0001

BMI, body mass index; CRP, C reactive protein; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; NS, non-significant; WCC, white cell count.
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sulfonylurea, and 24 took repaglinide. They were all
community-dwelling; highly functional; and free of dia-
betic renal, eye, and neurological complications.
Hypertension was medically treated in some patients but
all of them received statin treatment. Furthermore, no
participants suffered from heart failure, dementia, or
cancer. No participant smoked. The clinical and func-
tional characteristics of the groups studied are depicted
in tables 1 and 2, respectively. All of the enrolled partici-
pants underwent influenza vaccination in the years
2010–2011 (healthy: 81 and T2DM: 61) and 2011–2012
(healthy: 38 and T2DM: 41). They received the standard
dose of seasonal, trivalent, split-virus influenza vaccine.
The vaccine in 2010–2011 and in 2011–2012 contained:
A/California/7/2009 (H1N1), A/Victoria/210/2009
(H3N2), and B/Brisbane/60/2008. Patients were
excluded in cases of overt cardiovascular disease and/or
acute or chronic proven inflammatory diseases. Written
informed consent for participation in the study was
obtained from the patients and ethics approval was
obtained from the local ethics committee for each site:
the University of British Columbia of Clinical Research
Ethics Board and the Research center on Aging (IRB:
2010–2020/Fulop).

Study protocol
The volunteers were screened during a pre-enrolment
visit where medical history and medication question-
naires were filled. Following screening, a blood sample
was collected from the antecubital vein. The routine
biological parameters such as WCC (white cell count)
and red blood cell (RBC) count, glucose, liver and
kidney functions, and glycated hemoglobin (HbA1c)
were determined. Participants were screened and T2DM
requiring insulin treatment, highly dysbalanced T2DM
(glucose more than 12 mmol/L and HgbA1c >8.5% or
69 mmol/mol), or liver or kidney dysfunction (creatine
clearance <30 mL/min) were excluded. All study partici-
pants had blood samples (40 mL) collected prior to
intramuscularly administered influenza vaccine and at
28 days postvaccination (30 mL).

Biological parameters determination
All the routine biochemical laboratory tests were deter-
mined by the clinical laboratories for each of the study
sites using the current best practices. The hemagglutin-
ation inhibition (HI) assay was performed using the
recommendations of the WHO26 and as previously
described.27 Briefly, we measured the immunogenicity of
the vaccine in healthy and T2DM participants
(≥65 years old) before (t0) and after vaccination (t28)
by HI assay. Sera were stored frozen at −20°C. Paired
preimmunization and postimmunization serum samples
from the same individual were tested simultaneously,
according to Frasca et al.23 Sera were pretreated with
receptor-destroying enzyme (Denka Seiken Co Ltd) and
serial twofold dilutions were performed and four HA
units of the influenza vaccine strain were added with
human RBCs (type 0).23 28 A fourfold rise in titer from
prevaccination (t0) to postvaccination (t28) indicates
seroconversion to the vaccine strain.29 The CMV ser-
ology was performed in the hospital virology laboratory
of the University of Sherbrooke, and the McElhaney
laboratory at the Vancouver Coastal Health Research
Institute. The IgG levels against CMV were determined.

Functional parameters determination
The frailty index, which is based on a count of accumu-
lated deficits divided by the number of potential deficits
(80 items) was determined as described by Mitnitski
et al30 (not frail, score <0.2; prefrail, score ≥0.2 and
≤0.3; frail, score >0.3). Grip strength was tested by a
hand grip dynamometer using the average on three
repeated measures for both hands following
TNC-CDAAR procedure (http://cdaar.tufts.edu/
protocols/Handgrip.pdf). Timed 6 m walk test was per-
formed as described by Henwwod and Taafe,31 and
expressed as time (s) per 6 m walked.
For the assessment of physical activity, a score ranging

from 0 to 60 was assigned for physical activity using the
Physical Activity Scale for the Elderly (PASE), and of
frailty, a clinical frailty score (Canadian Study on Health
and Aging (CSHA) Clinical Frailty Score, CFS) from 1

Table 2 Functional parameters of the healthy elderly and elderly type 2 diabetes participants

Parameters Healthy elderly (n=119) Type 2 diabetes (n=102) Statistics (p Value)

Pulse (bpm) 71.90±10.00 72.31±9.88 NS

Blood pressure (mm Hg)

Systolic 132.8±16.16 134.80±13.37 NS

Diastolic 75.24±11.24 75.61±10.87 NS

Walk test (s/6 m) 7.30±2.96 7.77±2.90 NS

Hand grip (kg)

Right 19.85±7.48 21.62±9.61 NS

Left 19.81±7.85 20.60±10.45 NS

Clinical frailty score (1–7) 2.69±1.43 3.23±1.13 p=0.003

Frailty index 0.074±0.06 0.12±0.07 p=0.0036

PASE 125.9±80.90 106.6±71.65 p=0.074

NS, non-significant; PASE, Physical Activity Scale for the Elderly.
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(completely healthy with no underlying chronic dis-
eases) to 7 (completely dependent in all activities of
daily living) were used.32 33

Statistical analyses
The distribution of demographic status including age
and sex, the biological parameters including lipids,
hematological, and inflammatory parameters were com-
pared between the healthy and the T2DM cohorts, the
CMV+ and CMV− cohorts, the responders and non-
responders cohorts. The differences were determined
using the χ2 test for categorical variables and the t test
for continuous variables. We used the Pearson’s or
Spearman’s correlation tests to establish correlations
between the clinical status and the antibody response to
vaccination measured by the change in hemagglutinin
inhibition assay (HIA) titers from prevaccination to post-
vaccination. The Cox proportional hazard regression
model was used to estimate the corresponding HR and
95% CI. Multivariate regression analysis was used so that,
using the antibody response to vaccination as the
dependent variable, we could determine which of the
variables studied was independently associated with
influenza vaccination. A value of p<0.05 was required for
statistical significance. Data are reported as mean±SD.

RESULTS
Inflammation and biological determinants in elderly
patients with T2DM
Together, 221 older adults participated in the study, 119
healthy and 102 with T2DM. Their demographical and
clinical parameters are presented in table 1. The two
groups were matched for age. Significant differences
were found in the lipid parameters as the mean total
cholesterol and the low-density lipoprotein cholesterol
(LDL-C) levels were lower in T2DM group compared
with the healthy group, likely as a consequence of statin
treatment. It is of note that all T2DM participants were
under statin treatments while only 10% of the healthy
elderly were under statin treatments. In contrast, the
mean high-density lipoprotein cholesterol (HDL-C) level
was also lower while the triglyceride (TG) level was
higher in T2DM versus healthy older adults. We should
note that although there were significant differences, all
of these parameters were within the normal range. As
expected, there were differences for glucose and HbA1c
levels with a significant increase in T2DM. No differ-
ences between the inflammatory parameters measured
by the commonly used C reactive protein and the less
commonly used β2-microglobulin were found (table 1).
The WCC count and concomitantly the absolute neutro-
phil number were significantly increased with T2DM,
although within the normal range. Among the physical
parameters, the body mass index (BMI) and waist cir-
cumference were significantly increased in T2DM, indi-
cating overweight in this population (table 1). Thus, the
healthy and T2DM groups were significantly different

for the characteristic biological markers of T2DM, but
not for others, such as lipids, probably due to the treat-
ment of T2DM. No sign of chronic inflammation could
be detected by these routine clinical measurements.
In addition to the biological parameters, functional

tests are very important as a measure of the heterogen-
eity of health in aged individuals to assess the functional
reserve. When we examined the functional parameters
among healthy older and T2DM participants, we found
no change in the physical performance measured by the
6 m walk test and hand grip, indicating good physical
capacity in both groups. However, when we assessed the
frailty in both groups as a marker of functional reserve,
a significant difference was found using both frailty
measurement tools, although the frailty index remained
within the non-frail range. The PASE was significantly
lower in the T2DM group indicating less physical activity
but still within the normal range (table 2). These results
suggest that older adults with T2DM have a tendency to
be frailer and may not have the resiliency of healthy
older adults in the face of an influenza infection.

The overall response to influenza vaccination is not
affected by T2DM
Following vaccination against seasonal influenza, the
healthy and the T2DM elderly were tested for their in vivo
antibody response (figure 1). We found that the HIA ratio
(day 28/day 0) did not differ between the two cohorts
(figure 1A). This finding correlates with the few studies on
this population.34 Next, we compared the number of parti-
cipants arbitrarily identified as weak/non-responders
1<HIA<4 in the healthy elderly and in the T2DM group
separately. We could not find any difference between the
healthy and the T2DM groups (figure 1B). It is of note
that the analysis of seroconversion rates (HIA ratio ≥4),
considered to be a protective antibody response to vaccin-
ation, showed an equally low number of strong (true)
responders in the healthy and T2DM groups with no sig-
nificant difference between the groups (figure 1C).
Next, we compared whether the parameters clinically

and functionally measured between healthy and T2DM
elderly participants differ among responders (HIA>1)
and non-responders (HIA=1; figure 2). Thus, we did not
find any difference between the responders and non-
responders; however, the differences observed between
healthy and diabetic participants for parameters such as
glucose and HbA1c remained significantly different. No
additional difference was observed with any other
parameters.
We then investigated for vaccination efficiency-related

parameters by looking for biomarkers correlated with
the HIA day 28/day 0 ratio (table 3). The results indi-
cated that, in the healthy group, the HIA ratio was nega-
tively correlated with HDL-C and PASE and positively
with WCC. In the T2DM group, the HIA ratio was nega-
tively correlated with LDL-C, glucose, waist circumfer-
ence, and with PASE. This suggests that the control of
T2DM, such as glucose and the metabolic-related
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parameters, positively influences the response to influ-
enza vaccination. Interestingly, we first noted, in the
healthy elderly group, that the WCC was positively corre-
lated with the HIA ratio. Moreover, in both groups, phys-
ical activity was negatively correlated with the HIA ratio,
which may be explained by previous reports of physical
activity having, in some circumstances, an immunosp-
pressive effect.27 35 One other interesting finding in the
T2DM group, was the negative correlation between the
clinical frailty score (increasing frailty) and the antibody
response to vaccination, even though the score was
within the non-frail range. These results ultimately
suggest that better diabetic control and less frailty may
prevent hyporesponsiveness.

Response to vaccine is influenced by CMV seropositive
status but not diabetes
As we could not find any clinically meaningful biomar-
kers linked to the antibody response to influenza vaccin-
ation in both groups, we investigated the potential role
of immune exhaustion induced by chronic infections,
such as CMV, in the amplitude of the antibody response
to influenza vaccination (figure 3). First, we found no
difference between the mean age of the CMV+ and
CMV− participants (figure 3A). Moreover, the distribu-
tion of the number of CMV+ and CMV− participants
within the two groups was also not different (figure 3B).
Additionally, we wanted to verify whether the clinical
and functional parameters changed regarding to the

Figure 1 The results of the influenza vaccination measured by hemagglutination inhibition assay (HIA) among healthy elderly

and elderly patients with type 2 diabetes mellitus (T2DM). HIA was measured as described in Materials and methods. (A)

Comparison of the HIA by ratio between days 28 and 0 (d28/0) among the total healthy elderly and T2DM elderly participants.

(B) Distribution of weak responders (HIA≥1) versus non-responders at all (HIA=1) between non-T2DM (ND) and T2DM (D)

elderly participants. (C) Distribution of the strong (true) responders, taking into account the accepted threshold for vaccination

response between ND and D elderly participants. No significant difference was found at any comparison.

Figure 2 Comparison of clinical

and functional parameters among

non-responders (=1) and

responders (≥4) among healthy

elderly and elderly patients with

T2DM. No significant difference

was found at any comparison.

BMI, body mass index; CFS,

Clinical Frailty Score; HIA,

hemagglutination inhibition assay;

HDL, high-density lipoprotein;

LDL, low-density lipoprotein;

PASE, Physical Activity Scale for

the Elderly; T2DM, type 2

diabetes mellitus; TC, total

cholesterol; TG, triglycerides;

WC, waist circumference; WCC,

white cell count.
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CMV serostatus. No difference was found for any of the
studied parameters (see online supplementary figure
S1). Thus, CMV does not determine per se any func-
tional alteration in elderly individuals. When we sepa-
rated the HIA response not between healthy and T2DM
participants but between CMV+ and CMV− participants,
we found significant difference in favor of a higher HIA
ratio in CMV+ participants (p<0.0251; figure 3C). The
fact that the CMV+ participants have a higher ratio of
HIA was rather unexpected. Finally, we analyzed the
HIA response to influenza vaccination on healthy and
T2DM groups depending on their CMV serology. We
found that, in any studied group, the CMV+ participants
responded better that those CMV−, and this result was
similar in the two study groups (figure 3D) suggesting
that CMV seropositivity is more important than T2DM
in the antibody response to influenza.
Repeating the same analyses as above, we divided the

healthy and T2DM groups into CMV+ and CMV− indivi-
duals and then studied whether the clinical and func-
tional parameters may distinguish participants in the
healthy and the T2DM groups (figure 4). These results
are in accordance with those found between the healthy
and T2DM participants and as already showed (see
online supplementary figure S1) CMV serostatus does
not affect any of the biochemical parameters measured.
However, as the CFS was significantly different between
T2DM and healthy participants, independently of the
CMV serostatus, we may assume that, in T2DM partici-
pants, diabetes is a more determinant factor for frailty
than CMV serostatus, in contrast with healthy partici-
pants, for whom being CMV+ is more predictive of the
frailty status. Interestingly, when a multiple regression
analysis was performed none of these parameters
emerged as more predictive for the frailty status (data
not shown). However, these results suggest that for
healthy participants, CMV seropositivity can be a driving
force for frailty while in CMV+ participants, the T2DM is
a further burden.
Finally, we wanted to investigate whether these bio-

logical and functional parameters found to be differ-
ent among the CMV+ and CMV− healthy and T2DM
participants may correlate with the various HIA levels
(table 4). As expected, there was a correlation in CMV+
participants, independent of T2DM, between the
CFS and the HIA ratio which could not be found in
CMV− participants. Identical results were found for
PASE. In CMV− participants, there was a negative cor-
relation between the glucose level and the waist circum-
ference and the immune response, suggesting that the
control of diabetes in CMV− T2DM participants is
crucial. In the CMV− healthy participants, the lipid
parameters are negatively correlated with the response
to vaccine. Altogether, these results show that the
control of T2DM may be the most important parameter
to improve the antibody response to influenza vaccin-
ation and that CMV+ participants show a more robust
response.

T
a
b
le

3
C
o
rr
e
la
ti
o
n
b
e
tw
e
e
n
th
e
c
lin
ic
a
l
a
n
d
fu
n
c
ti
o
n
a
l
p
a
ra
m
e
te
rs

w
it
h
th
e
re
s
p
o
n
s
e
to

th
e
in
fl
u
e
n
z
a
v
a
c
c
in
e
m
e
a
s
u
re
d
b
y
th
e
ra
ti
o
o
f
H
IA

d
a
y
2
8
/d
a
y
0

H
IA

d
a
y
2
8
/
d
a
y
0

A
g
e

(y
e
a
rs
)

T
o
ta
l

c
h
o
le
s
te
ro
l

(m
m
o
l/
L

H
D
L
-C

(m
m
o
l/
L
)

L
D
L
-C

(m
m
o
l/
L
)

T
ri
g
ly
c
e
ri
d
e

(m
m
o
l/
L
)

G
lu
c
o
s
e

(m
m
o
l/
L
)

H
g
b
A
1
c

(%
)

W
h
it
e
c
e
ll

c
o
u
n
t

×
1
0
9
/L

N
e
u
tr
o
p
h
il
s

(×
1
0
9
/L
)

W
a
is
t

c
ir
c
u
m
fe
re
n
c
e

(c
m
)

C
li
n
ic
a
l

fr
a
il
ty

s
c
o
re

P
A
S
E

B
M
I

N
o
n
d
ia
b
e
ti
c

S
p
e
a
rm

a
n
(r
)

0
.1
6
8
7

−
0
.0
4
1
1
2

−
0
.2
6
3
4

0
.0
4
1
5
8

0
.2
5
7
3

0
.0
3
1
1
8

−
0
.0
0
9
6

0
.4
0
8
3

0
.1
6
0
8

0
.0
6
5
3
2

0
.2
4
6
5

−
0
.3
1
4
6

0
.1
6
4
5

9
5
%

C
I

−
0
.0
9
6
7
6

to
0
.4
1
1
7

−
0
.3
0
5
7
to

0
.2
2
9
4

−
0
.4
9
6
3
–

0
.0
0
4
8
9
4

−
0
.2
2
8
9

to
0
.3
0
6
1

−
0
.0
1
1
4
5
to

0
.0
4
9
1
4

−
0
.2
4
3
7
to

0
.3
0
1
4

−
0
.3
1
0
5

to
0
.2
9
3
0

0
.1
1
4
0
to

0
.6
3
6
8

−
0
.1
5
5
7
to

0
.4
4
7
3

−
0
.2
1
6
5
to

0
.3
3
7
1

−
0
.0
1
5
6
5

to
0
.4
7
7
0

−
0
.5
3
3
8

to
0
.0
5
5
8
9

−
0
.1
0
1
0

to
0
.4
0
8
1

p
(t
w
o
-t
a
ile
d
)

0
.1
9
7
7

0
.7
6
1
4

0
.0
4
7
7

0
.7
5
8
8

0
.0
5
3
3

0
.8
2
1
2

0
.9
5

0
.0
0
6
6

0
.3
0
3

0
.6
4
2
1

0
.0
5
7
6

0
.0
1
5
2

0
.2
0
9
2

D
ia
b
e
ti
c

S
p
e
a
rm

a
n
(r
)

−
0
.1
2
3

−
0
.2
4
0
2

0
.1
9
4
6

−
0
.2
7
5
5

−
0
.1
7
4

−
0
.3
1
2
7

0
.0
2
9
1
6

−
0
.0
5
6
4
9

−
0
.0
1
3

−
0
.3
7
1
7

0
.3
3
5
2

−
0
.3
4
6
6

−
0
.2
6
2
7

9
5
%

C
I

−
0
.3
7
8
5
to

0
.1
4
9
9

−
0
.4
8
3
5
to

0
.0
3
7
6
5

−
0
.0
9
0
9
to

0
.4
5
0
6

−
0
.5
1
4
1

to
0
.0
0
2
6
3

−
0
.4
3
1
1
to

0
.1
0
9
2

−
0
.5
5
1
9
to

0
.0
2
5
9
7

−
0
.2
5
0
8

to
0
.3
0
4
6

−
0
.2
6
4
4
to

0
.3
6
6
2

−
0
.3
2
7
9
to

0
.3
0
4
5

−
0
.5
9
0
7
to

0
.1
0
1
7

0
.0
7
1
3
4
to

0
.5
5
5
3

−
0
.5
6
4
1

to
0
.0
8
4
1
0

−
0
.4
9
7
7

to
0
.0
0
8
2
6

p
(t
w
o
-t
a
ile
d
)

0
.3
6
1
9

0
.0
8
0
2

0
.1
6
6
8

0
.0
4
5
9

0
.2
1
2
7

0
.0
2
8
7

0
.8
3
5
8

0
.7
2
5
7

0
.9
3
5
7

0
.0
0
6
7

0
.0
1
1
5

0
.0
0
8
9

0
.0
5
0
5

p
-v
a
lu
e
s
in

b
o
ld

re
p
re
s
e
n
t
th
e
o
n
ly
s
ig
n
if
ic
a
n
t
p
-v
a
lu
e
s
.

B
M
I,
b
o
d
y
m
a
s
s
in
d
e
x
;
H
g
b
A
1
c
,
g
ly
c
a
te
d
h
e
m
o
g
lo
b
in
;
H
D
L
-C

,
h
ig
h
-d
e
n
s
it
y
lip
o
p
ro
te
in

c
h
o
le
s
te
ro
l;
L
D
L
-C

,
lo
w
-d
e
n
s
it
y
lip
o
p
ro
te
in

c
h
o
le
s
te
ro
l;
P
A
S
E
,
P
h
y
s
ic
a
l
A
c
ti
v
it
y
S
c
a
le

fo
r
th
e
E
ld
e
rl
y
.

6 BMJ Open Diabetes Research and Care 2015;3:e000140. doi:10.1136/bmjdrc-2015-000140

Immunology and transplantation



DISCUSSION
Aging comes with changes in the immune response,
which translate into altered vaccination response.36

Aging is also associated with many chronic diseases
including T2DM, and a shift toward low-grade inflamma-
tion (so-called ‘inflamm-aging’).37 The interaction
between the effects of aging, chronic diseases, and
inflamm-aging is postulated to inhibit the antibody
response to influenza vaccination,38 but from a public
health point of view, this is highly recommended.39 40

However, there have been very limited studies and have
not shown a difference in healthy older adults compared
with those with diabetes,23 but the vaccine coverage
remains very low.41 Thus, our aim was to study the deter-
minants of a robust response to influenza vaccination in
older adults including important health indicators in
those with T2DM.
We demonstrated in this study that the antibody

response to influenza vaccination in older adults with
well-controlled diabetes is not different from healthy
elderly. However, there were very few seroconverters with
a fourfold or greater rise in titer over the basal level
(figure 1). These results are in contrast with the results
of Frasca et al,23 showing that elderly patients with
T2DM had in vivo and in vitro antibody responses even

higher than those of healthy elderly age-matched con-
trols. This apparent discrepancy may be explained by
both the vaccination history and the control of the
disease in these cohorts. Thus, we wanted to investigate
whether overall health indicators, common biological
markers, inflammatory parameters, and CMV serostatus
might influence the magnitude of the vaccine
response.42

A number of biological parameters characteristically
altered in T2DM (lipids, glucose, HbA1c, WCC and neu-
trophil count, BMI, and waist circumference) showed
significant differences in the healthy compared with the
T2DM group despite having well-controlled T2DM and
no clinically significant diabetes-related complications.
What was surprising was the increased WCC and neutro-
phil count, albeit within the normal ranges, which may
reflect low-level stimulation in the absence of differences
in the serum inflammatory markers measured. These
finding are in complete accordance with recent findings
that increased neutrophil count may play an important
role in age-associated chronic inflammatory diseases,
such as Alzheimer disease and chronic heart failure.43

When functional parameters as a measure of overall
health status were considered, we found lower levels of
physical activity and increased frailty scores in the T2DM

Figure 3 Age, cytomegalovirus

(CMV) seropositivity in the

healthy and type 2 diabetes

mellitus (T2DM) and the response

to influenza vaccination after the

CMV serostatus in healthy and

patients with T2DM. (A)

Comparison of the age for CMV+

and CMV− elderly participants.

No difference was found. (B)

Distribution of the CMV− and

CMV+ participants in the

non-T2DM and T2DM elderly

groups. No difference was found.

(C) Hemagglutination inhibition

assay (HIA) ratio day 28/day 0

(d28/d0) between the total CMV+

and CMV− elderly populations,

which were significantly different

(p<0.0251). (D) HIA ratio d28/d0

between CMV− and CMV+

participants in the non-T2DM and

the T2DM elderly groups. CMV+

participants had significantly

higher ratio (p<0.0482).

BMJ Open Diabetes Research and Care 2015;3:e000140. doi:10.1136/bmjdrc-2015-000140 7

Immunology and transplantation



group, in line with what Fried and colleagues and others
have reported.44 45

Diabetes is one of the chronic diseases where influ-
enza vaccination is recommended and older adults with
T2DM are less prone to influenza-induced clinical com-
plications once vaccinated.46 Our study clearly shows
that there is no difference in the HIA antibody response
between healthy and T2DM participants; however, clin-
ical and biological predictors of the antibody response
differed between the two groups. In the healthy elderly,
the HDL-C and the WCC counts, respectively, had a
negative and positive association with the antibody
response, parameters that have been already linked to
age-induced dysregulation of the immune system.47 In
the case of T2DM, only glucose remained as a strong
determinant of the antibody response. It has been
shown that hyperglycemia, overweight, and a lack of
physical activity are correlated with a lower immune
response.48 Hyperglycemia can impair neutrophil and
monocyte/macrophage functions and suppress the
T-cell response.46 Several recent studies indicate that
physical activity impacts on immunity as it helps to clear

the lungs from pathogens by increasing mucosal immun-
ity, boosts antibody and cytokine secretion, and acceler-
ates blood circulation;49 however, this can depend on
the intensity and frequency of the activity and the basic
immune status of the participants. Importantly, our
results suggest that in well-controlled older patients with
diabetes and in healthy older adults, level of frailty is an
important predictor of the antibody response to influ-
enza vaccination.
Based on studies showing that CMV infection plays a

major role in immunosenescence,12 we explored whether
CMV could play a role in the antibody response to influ-
enza vaccination, either independently or in association
with T2DM. We evaluated the entire study cohort accord-
ing to their CMV serostatus and, very surprisingly, found
that CMV+ participants responded significantly better
than the CMV− participants. This seems counter intuitive
knowing CMV-induced T cell senescence, however, a
recent publication showed similar trend as in the present
study.50 There is still a debate as to whether CMV+ versus
CMV− individuals mount a lower response to influenza
vaccination,51 52 although it has been shown that

Figure 4 Comparison of clinical and functional parameters between the CMV+ and CMV− participants in the healthy elderly

and elderly patients with T2DM. No difference was found at any comparison. Comparisons were made between the indicated

groups having CMV− or CMV+ as well as being non-diabetic or diabetic. (*p<0.05; **p<0.01; ***p<0.001). BMI, body mass index;

CFS, Clinical Frailty Score; CMV, cytomegalovirus; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PASE, Physical

Activity Scale for the Elderly; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglycerides; WC, waist circumference;

WCC, white cell count.
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Table 4 Correlation between the HIAs and the different parameters in the CMV, diabetic, and healthy participant subgroups

HIA day 28/day 0

Age

(years)

Total

cholesterol

(mmol/L

HDL-C

(mmol/L)

LDL-C

(mmol/L)

Triglyceride

(mmol/L)

Glucose

(mmol/L)

HgbA1c

(%)

White cell

count ×109/l

Neutrophils

(×109/L)

Waist

circumference

(cm)

Clinical

frailty

score PASE BMI

CMV+ diabetic

Spearman (r) −0.09292 −0.2335 0.3400 −0.2473 0.2920 −0.3454 0.06406 0.02574 0.1608 −0.3117 0.3526 −0.4568 −0.2832
95% CI −0.4131 to

0.2477

−0.5294 to

0.1130

0.00277 to

0.6078

−0.5398 to

0.09852

−0.5731 to

0.05054

−0.6261 to

0.01459

−0.2846 to

0.3977

−0.3541 to

0.3983

−0.1557 to

0.6136

−0.5947 to

0.04007

−0.02229 to

0.6136

−0.6855 to

0.1460

−0.5631 to

0.05495

p (two-tailed) 0.5844 0.1705 0.0424 0.1459 0.0840 0.0528 0.7147 0.8945 0.0323 0.0727 0.0323 0.0045 0.0894

CMV+ non-diabetic

Spearman (r) 0.2392 0.01960 −0.1649 −0.08602 0.2155 0.00474 0.06474 0.3553 0.1826 0.02924 0.3610 −0.3482 0.1345

95% CI −0.08327 to

0.5164

−0.3109 to

0.3459

−0.4680 to

0.1730

−0.2496 to

0.4032

−0.2496 to

0.4032

−0.3434 to

0.3418

−0.3417 to

0.4508

−0.05880 to

0.6655

−0.2409 to

0.5476

−0.3163 to

0.3680

0.05055 to

0.6078

−0.6013 to

0.03155

−0.1896 to

0.4323

p (two-tailed) 0.1320 0.9070 0.3226 0.6076 0.1939 0.9781 0.7534 0.0814 0.3824 0.8676 0.0204 0.0277 0.4019

CMV− diabetic

Spearman (r) −0.2559 −0.1489 −0.1321 −0.1837 −0.08273 −0.6106 −0.1038 −0.1769 −0.2167 −0.5371 0.4046 −0.3007 −0.3319
95% CI −0.6544 to

0.2537

−0.5976 to

0.3709

−0.6141 to

0.4217

−0.6325 to

0.3575

−0.5668 to

0.4437

−0.8537 to

0.1490

−0.5674 to

0.4097

−0.6919 to

0.4574

−0.7129 to

0.4241

−0.8143 to

0.06056

−0.6812 to

0.2078

−0.6919 to

0.4574

−0.6994 to

0.1744

p (two-tailed) 0.3053 0.2041 0.3156 0.1931 0.3633 0.0009 0.2833 0.3828 0.3052 0.0020 0.2254 0.3828 0.1785

CMV− non-diabetic

Spearman (r) 0.06973 −0.3821 −0.3561 −0.2866 0.07169 0.2378 0.08385 0.5885 0.4266 −0.5371 −0.1527 −0.2933 0.1259

95% CI −0.4379 to

0.5436

−0.7361 to

0.1361

−0.7220 to

0.1655

−0.6828 to

0.2398

−0.4363 to

0.5450

−0.2886 to

0.6538

−0.4263 to

0.5535

0.1150 to

0.8441

−0.1037 to

0.7680

−0.8143 to

0.06056

−0.6002 to

0.3675

−0.6866 to

0.2329

−0.3909 to

0.5824

p (two-tailed) 0.6585 0.0240 0.0328 0.0686 0.7159 0.3570 0.7475 0.0188 0.1015 0.5405 0.1946 0.0624 0.6320

BMI, body mass index; CMV, cytomegalovirus; HgbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HIA, hemagglutination inhibition assay; LDL-C, low-density lipoprotein
cholesterol; PASE, PASE, Physical Activity Scale for the Elderly.
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persistent CMV infection is associated with reduced
responses to the influenza vaccine, and this seems to
be mediated by higher percentages of late-
differentiated CD4T cells in these individuals.53

However, we can perhaps hypothesize that CMV infec-
tion is accompanied by a higher level of the low-grade
inflammation providing a stimulus to the immune
response, the level of inflammation being higher in
older adults with T2DM and with increased frailty as
in the healthy older adults.54 Together, our data
suggest that in well-controlled T2DM, CMV serostatus
is an important determinant of the antibody response
to influenza vaccination. Nevertheless, as the lower the
lipid level is, better is the response in the CMV−
population, it is possible that these molecules play a
role in the response to influenza immunization. Thus,
in the absence of CMV, the role of diabetic control
including HDL levels47 55 should be included in
future studies.
In conclusion, older adults with well-controlled T2DM

mount antibody responses to influenza vaccination
similar to those of healthy age-matched controls. Less
frailty and improved control of diabetes may be the
important determinants of vaccine responsiveness. CMV
seropositivity is also associated with enhanced response
to vaccination. It is worth to emphasize that these results
may not be applicable to the much wider and more
diverse population with T2DM, which is worthy to
further study. Furthermore, since none of the biological
or functional parameters studied were consistently
linked to the antibody response to vaccination, further
studies are also needed to investigate the immune deter-
minants of the antibody response to influenza vaccin-
ation in older adults, especially with chronic diseases
such as T2DM.
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