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Abstract

Objective: Type 2 diabetes is a risk factor for the development of left ventricular diastolic dysfunction and heart failure
with preserved ejection fraction. Our aim was to provide a summary estimate of the prevalence of left ventricular
diastolic dysfunction and heart failure with preserved ejection fraction in type 2 diabetes patients and to investigate sex
disparities.

Methods and results: A systematic search of the databases Medline and Embase was conducted for studies reporting
the prevalence of left ventricular diastolic dysfunction or heart failure with preserved ejection fraction among type 2
diabetes patients. Studies were only included if echocardiography was performed. Prevalence estimates were pooled
using random-effects meta-analysis. A total of 28 studies were included. Data on the prevalence of left ventricular
diastolic dysfunction were available in 27 studies. The pooled prevalence for left ventricular diastolic dysfunction in the
hospital population (2959 type 2 diabetes participants) and in the general population (2813 type 2 diabetes participants)
was 48% [95% confidence interval: 38%—-59%] and 35% (95% confidence interval: 24%—46%), respectively. Heterogeneity
was high in both populations, with estimates ranging from 19% to 81% in the hospital population and from 23% to 54%
in the general population. For women and men, the pooled prevalence estimates of left ventricular diastolic dysfunction
were 47% (95% confidence interval: 37%-58%) and 46% (95% confidence interval: 37%-55%), respectively. Only two
studies presented the prevalence of heart failure with preserved ejection fraction; 8% (95% confidence interval: 5%—14%)
in a hospital population and 25% (95% confidence interval: 21%—28%) in the general population [18% in men (mean age:
73.8; standard deviation: 8.6) and 28% in women (mean age: 74.9; standard deviation: 6.9)].

Conclusion: The prevalence of left ventricular diastolic dysfunction among type 2 diabetes patients is similarly high in
men and women, while heart failure with preserved ejection fraction seems to be more common in women than men,
at least in community people with type 2 diabetes.
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Introduction

Heart failure (HF) and type 2 diabetes are both major pub-
lic health concerns and impose a considerable burden on
the health budget for Western societies. Mortality and hos-
pitalization rates are much higher among individuals with
both type 2 diabetes and HF than in individuals suffering
from HF alone.!2 It is well recognized that type 2 diabetes
is a significant risk factor for HF. In the Framingham Heart
Study, it was shown that HF was twice as common among
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men and five times as common among women with diabe-
tes as among those without diabetes.

Until recently, HF was most often categorized into heart
failure with reduced ejection fraction (HFrEF) and pre-
served ejection fraction (HFpEF) with the single left ven-
tricular cut-point 45%, but currently three categories are
used, and the cut-points changed; HFTEF (left ventricular
ejection fraction (LVEF) <40%), HFpEF (EF = 50%) and
a grey area in between (EF: 40%—49%) now categorized as
mid-range (HFmrEF).* A recent systematic review showed
that in the general Western population aged 60years or
over, HFpEF with a prevalence of 4.9% is now more com-
mon than HFrEF with a prevalence of 3.3%.° Longitudinal
data from the United States suggest that over the last
10years the incidence of HFrEF seems to be decreasing,
while the incidence of HFpEF is increasing.®” A reduction
in myocardial infarction, notably ST-segment elevation
myocardial infarction, over the last decades may be the
major cause behind the relative reduction of HFrEF, while
the worsening epidemic of overweight and type 2 diabetes
affecting Western societies may be one of the major expla-
nations behind the increasing trend in HFpEF.8-10 As such,
type 2 diabetes seems to be more strongly associated with
the development of HFpEF than with HFrEF.!l.12 In line
with these findings, left ventricular diastolic dysfunction
(LVDD), the preclinical stage of HFpEF, is also more
prevalent among type 2 diabetes patients than in those
without diabetes.!3-15 Although type 2 diabetes is a known
risk factor of LVDD and HFpEF, the use of echocardiogra-
phy is in general not considered in existing type 2 diabetes
primary care disease management programmes. Sex dif-
ferences in the prevalence of LVDD and HFpEF in patients
with type 2 diabetes are generally unclear so far. Although
some studies suggest that women more often have LVDD
and HFpEF than men, some argue this to be related to an
average older age of women.®1® A systematic review and
meta-analysis could help clarify whether differences in the
prevalence of HFpEF or LVDD exist between women and
men with type 2 diabetes.

Given the large impact of both type 2 diabetes and
HFpEF for patients, but also for the community, it is
important to know the exact prevalence of LVDD in
patients with type 2 diabetes as this can be helpful to target
prevention and intervention strategies for both LVDD and
carly stages of HFpEF. The prevalence of both HF and
LVDD in type 2 diabetes patients has been studied previ-
ously.>17.18 However, most of these studies did not distin-
guish between HFrEF and HFpEF, nor assessed LVDD
adequately with echocardiography.!”! Moreover, many
studies on LVDD were exclusively performed in type 2
diabetes patients managed in secondary care and thus are
not representative of type 2 diabetes patients from the pop-
ulation at large.2921 A systematic review of studies on the
prevalence of LVDD and/or HFpEF in type 2 diabetes
patients is lacking. Therefore, we reviewed the existing lit-
erature to estimate the prevalence of LVDD and HFpEF in

type 2 diabetes patients in both the hospital setting and the
general population. Furthermore, we examined whether
these prevalence estimates differed between men and
women.

Methods

Data sources and searches

A search using the Medline and Embase databases was
conducted up to and including May 2016. We used the
search terms and synonyms of ‘heart failure’, ‘diastolic
ventricular dysfunction’, ‘systolic ventricular dysfunc-
tion’, ‘diabetes mellitus, type 2°, ‘prevalence’ and ‘inci-
dence’. For the exact search strategy, see Supplementary
Table S1. Of the studies retrieved for full-text assessment,
reference lists were screened for other relevant studies.

Study selection

Only studies published in English were considered. Letters,
editorials, case reports, practical guidelines and animal or
in vitro studies were excluded. The following predefined
inclusion criteria were applied: (1) the study reported the
prevalence of HFpEF and/or LVDD in patients with type 2
diabetes; (2) the study population was derived from the
population at large or from the hospital population; (3)
Only studies that used echocardiography to establish or
confirm the diagnosis of previously undetected HFpEF
and/or LVDD were included; (4) type 2 diabetes defined
by one of the following criteria: documentation in medical
record, physician’s diagnosis, self-reported history, use of
anti-diabetic agents and random serum glucose =200 mg/
dL (or =11.1 mmol/L) or serum fasting glucose = 126 mg/
dL (or =7.0mmol/L).

LVDD was defined as an ejection fraction of =45% and
diastolic abnormalities on echocardiography such as an
E/A ratio<0.75 or >1.50, E/¢ ratio> 13 and left atrial
(LA) volume index >34 mL/m?. HFpEF was defined as
having an ejection fraction of =45% and clinical symp-
toms and signs suggestive of HF (i.e. shortness of breath,
fatigue, pulmonary congestion and/or peripheral oedema)
and objective evidence of diastolic dysfunction measured
with echocardiography.

If multiple studies were based on the same study popu-
lation, we selected the study with the largest population for
data extraction. Selection of publications and data extrac-
tion was done independently by two reviewers (S.B. and
G.B.V.). Consensus was used to resolve disagreement. If
consensus could not be reached, a third reviewer (F.H.R.)
was consulted.

Data extraction and quality assessment

A methodological quality assessment of each of the
included studies was performed independently by two
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authors (S.B. and G.B.V.). In case of discrepancies, con-
sensus was reached after discussion between the two
assessors. If disagreement remained, a third assessor was
asked and the majority of votes counted. As there is no
formal checklist available specifically designed to appraise
risk of bias in prevalence studies, we based our assessment
on the risk of bias tool of Hoy et al.?? This is a new risk of
bias tool for prevalence studies based on a modification of
an existing tool and on the approach of the QUADAS-2
(tool for the Quality Assessment of Diagnostic Accuracy
Studies).?* Signalling questions were used to identify
potential problems in the design, conduct and analysis of a
study that might introduce bias or raise concerns about the
applicability of the findings. The following signalling
questions were used:

(a) Do the included patients and setting match what is
intended by the review question (type 2 diabetes
patients from the general population, referral centres
and hospital centre)?

(b) Is the sampling frame a true or close representation
of the population intended by the review question?

(¢) Is an unselected (random/consecutive) sample of
patients invited to participate?

(d) Is the response rate=75% or did a non-response
analysis show no difference between participants and
non-participants?

(e) Is an acceptable case definition for LVDD and/or
HFpEF used in the study?

(f) Is the instrument to measure LVDD and/or HFpEF
valid?

(g) Is the same mode of data collection used for all
subjects?

(h) Is it unlikely that the handling of missing (endpoint)
data introduced bias?

(1) Were the numerator(s) and denominator(s) for the
parameter of interest appropriate?

All signalling questions were scored with either low or
high risk of bias. Studies had an overall risk of bias which
was classified as low if =<1 question had a risk of bias, a
medium risk of bias if 2-3 questions had a high risk bias or
finally a high risk of bias if >3 questions had a high risk of
bias.

Data synthesis and analysis

Information on study characteristics was collected with a
data extraction form and comprised the first author’s name,
publication year, source population and setting, age, num-
ber of participants, duration of type 2 diabetes, exclusion
criteria, echocardiographic measurements used, LVEF

threshold used and prevalence estimates of HFpEF and/or
LVDD. Prevalence numerators and denominators were
extracted from the studies.

Individual study prevalence and the corresponding 95%
confidence intervals (Cls) were calculated for all the
included studies. To perform meta-analysis, the prevalence
data were logit transformed so that the data followed a nor-
mal distribution. A random-effects model was used to
obtain pooled estimates (with the corresponding 95% CI)
of the logit-transformed prevalence data, as this model
takes the between-study heterogeneity into account better
than a fixed-effects model. Heterogeneity was assessed
using Cochrane’s Q test and the /2 statistic.2* The pooled
prevalence estimate was calculated for all the included
studies and separately for studies concerning the general
population and hospital population. If we could not recal-
culate prevalence estimates, because of missing informa-
tion on the number of individuals suffering from LVDD or
HFpEF, they were not included in the meta-analysis.
Results of the meta-analysis are presented as Forest plots
showing prevalence proportions with the corresponding
95% ClIs for each study and the overall random-effects
pooled estimate. Publication bias was first assessed by
visually inspecting the distribution of the observed studies
on a funnel plot. To quantify the degree of bias illustrated
in the funnel plot, Begg’s rank correlation test and Egger’s
linear regression were used.?32¢ A p-value < 0.05 was con-
sidered significant. All statistical analyses were performed
in R using the ‘metafor’ package.?’

Results

Search results and characteristics

In total, our search resulted in 5410 unique studies. These
studies were first screened on title and then on abstract for
eligibility. We additionally screened the full-text article of
165 studies for more detailed information. The main rea-
sons for exclusion included the following: no echocardio-
graphic measurements, missing information on type 2
diabetes, HFpEF or diastolic dysfunction, or studies had
another domain of interest, for instance, hypertensive
patients with diabetes.28 Finally, 28 studies were included
in this review. Details of the selection process are provided
in Figure 1.

Study characteristics and quality assessment of all the
28 included studies are shown in Table 1. Of all the included
studies, the majority included participants derived from a
hospital setting (n=18),13-15:20.21.29-41 gix studies recruited
their participants from the population at large'$#2+46 and
four studies failed to report where they had selected their
participants from.4’-0 Data on the prevalence of LVDD
were available in 27 studies and data on HFpEF in two
studies (Table 1). Data on prevalence numbers were avail-
able from 16 different countries: 4 from Africa, 2 from
Australia, 11 from Europe, 4 from the United States and 3
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Pubmed: 4553
Embase: 1168

Duplicates: 311

Date of search 26-05-2016

5721 citations obtained

A4

Potentially relevant articles identified and screened for retrieval (n=5410)

4978 articles excluded based on title |

-

A

Articles retrieved for more detailed evaluation (n=432)

267 articles excluded based on abstract ‘

—

A

author (n=165)

Potentially relevant articles identified and screened by first and second

138 articles excluded based on full text
Reasons for exclusion:

Missing information on type 2 diabetes,
heart failure or diastolic dysfunction: 37
No echocardiographic measurements: 51
No prevalence data reported: 6
Other domain: 23
Identical study population: 10
No full text available: 10
Conference paper: 1

A 4

Articles selected (n= 27)

A4

N

1 cross-reference

Articles included for review (n= 28)

Figure |. Flow chart of the process for selection of relevant articles.

from Asia (Table 1). Of the 28 studies analysed, 24 reported
the age of their participants, with only 5 studies reporting
sex-specific mean age. The mean age ranged from
44 * 6years (in an American cohort with an upper age limit
of 65) to 71.5 £ 7.5 years in a European cohort. Duration of
type 2 diabetes was reported in 19 of the 28 studies and
ranged from new-onset diabetes to a mean duration of more
than 18years. Different parameters were used to assess

LVDD including the ratio between early (£) and late (4)
ventricular filling velocity over the mitral valve (£/4 ratio),
E-wave deceleration time (DT), isovolumetric relaxation
time (IVRT) and the ratio of mitral early diastolic inflow
velocity to mitral early annular lengthening velocity (E/é
ratio). See Table 1 for the exact cut-off values of the differ-
ent parameters and the classification of LVDD used in the
included studies. The LVEF cut-point ranged from 45% to
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Author and Year LVDD Population Prevalence [95% CI]
Poirier ,2001 28 46 —_— 0.61[0.46,0.74]
Zabalgoitia 2001 41 86 — 0.48[0.37,0.58]
Annonu 12001 41 66 | —— 0.62[0.50,0.72]
Boyer 2004 26 57 — 0.46[0.33,0.59]
Fang ,2005 19 101 —s— 0.19[0.12,0.28]
Bajraktari 2005 75 114 —— 0.66[057,0.74]
Dawson 2005 257 435 S 5 0.59[0.54,064]
Albertini ,2008 60 91 —a— 0.66[0.56,0.75]
Srivastava ,2008 109 229 l—l—i 0.43[041,054]
From 2010 411 1760 0.23[0.21,0.25]
Poulsen 2010 121 305 l—l—l 0.40[0.34,045]
Kazlauskaite 2010 64 126 '—'—'—' 051[0.42,059]
Patil 2011 69 127 —— 0.54[0.46,0.63]
Ernande 2011 54 114 —— 0.47[0.38,057]
Boonman 2012 146 581 0.25[0.22,0.29]
Cioffi 2012 148 687 HilH 0.22[019,025]
Faden 2013 156 386 ‘—.—' 0.40[0.36,045]
Chillo 2013 25 122 —— 0.20[0.14,0.29]
Dodiyi-Manuel 2013 59 20 o 066[055,0.75]
Akiyama 2014 65 100 P —— 0.65[0.55,0.74]
Chen 2014 7 95 s 081[072,0.88]
Dandamundi 2014 74 136 —a— 0.54[0.46,0.63]
Pareek ,2015 30 107 —— 0.28[0.20,0.37]
Chaudhary 2015 41 100 —a— 0.41[032,051]
Pooled prevalence - 0.46[0.39,0.54]
I I I 1
0.00 0.50 0.75 1.00

Figure 2. Prevalence of left ventricular diastolic dysfunction among type 2 diabetes patients in both general and hospital

populations.

Prevalence proportions with 95% confidence interval of left ventricular diastolic dysfunction among type 2 diabetes patients in both general and
hospital populations and pooled prevalence estimate with 95% confidence interval.

55%, with most studies using 50% (n=15). Most articles
had a medium risk of bias (n=19), five had a high risk of
bias and four had a low risk of bias. Most studies scored a
high risk of bias on item (b) concerning the sampling frame.

Prevalence of LVDD and HFpEF

Of the 27 studies, 3 studies did not report the number of
individuals diagnosed with LVDD, but only reported the
prevalence estimates.?®3744 These studies were not
included in the meta-analysis, as these prevalence esti-
mates could not be manually verified and 95% Cls could
not be reliably calculated. Pooled prevalence estimates for
LVDD are presented for all of the included studies (n=24
including a total of 6061 individuals) and separately for
studies including the hospital population (n=15) with
2959 participants and the general population (n=>5) with
2813 participants (Figures 2 to 4). These meta-analyses
yielded a summary prevalence of LVDD of 46% (95% CI:
39%—-54%), 48% (95% CI: 38%—59%) and 35% (95% CI:
24%—-46%), respectively. Estimates ranged from 23% to
54% in the general population and from 19% to 81% in the
hospital population (Figures 3 and 4) and there was a high
level of study heterogeneity (hospital population:

0=326.87, p<0.001, =96.3%; general population:
0=104.58, p<0.001, 2=96.7%). The pooled prevalence
estimate of the four studies with an unknown setting was
55% (95% CI: 46%—63%). Two funnel plots were con-
structed: one for the general population studies and one for
the hospital population studies (Supplementary Figures S1
and S2). Although visual inspection revealed slight asym-
metry, both Begg’s test (p=0.48 and p=0.56, respectively)
and Egger’s test (p=0.39 and p=0.30, respectively)
showed no potential risk of publication bias. Sex-specific
data were available in 12 studies (including 3609 individu-
als), and separately for studies including the hospital popu-
lation (n=3) with 2570 participants and the general
population (rn=7) with 1039 participants. For two studies
the settings were unknown. One study had only informa-
tion about the prevalence in men. Sex-specific pooled
prevalence estimates of LVDD revealed a prevalence of
47% (95% CI: 37%—58%) for women and 46% (95% CI:
37%—55%) for men (Figures 5 and 6) and there was a high
level of heterogeneity (men: (Q=224.87, p<<0.001,
’=91.5%; women: 0=128.89, p<<0.001, ?=92.5%),
with prevalence estimates ranges from 24% to 78% in
women and 19% to 63% in men. Only five studies reported
sex-specific mean ages with differences between men and
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Author and Year LVDD Population Prevalence [95% CI]
Srivastava ,2008 109 229 Do 0.48(0.41,0.54)
From 2010 411 1760 LI 0.23[0.21,0.25]
Boonman 2012 146 581 - 0.25[0.22,0.29]
Dandamundi , 2014 74 136 e 0.54[046,063]
Pareek ,2015 30 107 — 0.28[0.20,0.37)
Pooled prevalence e p— 035[0.24 ,046]

[ I I I 1
0.00 0.25 0.50 0.75 1.00

Figure 3. Prevalence of left ventricular diastolic dysfunction among type 2 diabetes patients in the general population.
Prevalence proportions with 95% confidence interval of left ventricular diastolic dysfunction among type 2 diabetes patients in the general population
and pooled prevalence estimate with 95% confidence interval.

Author and Year LVDD Population Prevalence [95% CI]
Annonu 2001 41 66 '—‘—‘ 0.62[0.50,0.73]
Fang 2005 19 101 —— 0.19[0.12,0.28)
Bajraktari , 2005 75 114 PR — 0.66[0.57,0.74)
Dawson 2005 267 435 .- 0.50[0.54,0.64]
Albertini , 2008 60 91 I — 0.66[0.56,0.75)
Poulsen 2010 121 305 i 0.40[0.34,045)
Kazlauskaite, 2010 64 126 r—l—u 0.51[0.42,059)
Patil 2011 69 127 !—‘—'—' 0.54[0.46,0.63]
Ernande 2011 54 114 i—'-‘—l 0.47[0.38,0.57)
Coifi  , 2012 148 687 HEH 0.22[0.19,0.25]
Faden ,2013 156 386 i 0.40[0.36,0.45)
Chille ,2013 25 122 —— 0.20[0.14,0.29]
Dodiyi , 2013 59 90 —s— 0.66[0.55,0.75)
Chen ,2014 77 95 —_ 0.81[0.72,0.88]
Chaudhary , 2015 41 100 r—-—~| 0.41[0.32,0.51)
Pooled prevalence * 0.48[0.38,0.59])
[ T ;I I 1
0.00 0.25 0.50 075 1.00

Figure 4. Prevalence of left ventricular diastolic dysfunction among type 2 diabetes patients in the hospital.
Prevalence proportions with 95% confidence interval of left ventricular diastolic dysfunction among type Il diabetes patients in the hospital popula-
tion and pooled prevalence estimate with 95% confidence interval.
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Author and Year LVDD Population Prevalence [95% CI]
Zabalgoitia , 2001 17 36 '—f—| 0.47[0.32,063]
Dawson 2005 39 190 -—-—| 0.47[0.40,0.54]
Albertini , 2008 29 42 — 0.69[0.54,0.81]
Srivastava , 2008 47 84 r-—'—l 056[045,066]
From ,2010 251 897 HlH 0.28[0.25,0.31]
Kazlauskaite, 2010 36 66 '—'—' 055[0.43,066]
Patil ,2011 30 58 |—-—| 0.52[0.39,0.64]
Ernande 2011 21 45 l—‘—l 0.47[0.33,0.61]
Boonman 2012 64 27 i 024[0.19,0.29]
Akiyama 2014 35 45 — 0.78[063,088]
Chaudhary , 2015 10 35 |—|. 0.29[0.16,0.45]
Pooled prevalence '--— 0.47[0.37,0.58]
[ I : I I 1
0.00 0.25 0.50 0.75 1.00

Figure 5. Prevalence of left ventricular diastolic dysfunction among women with type 2 diabetes.
Prevalence proportions with 95% confidence interval of left ventricular diastolic dysfunction among women with type 2 diabetes and pooled preva-
lence estimate with 95% confidence interval.

Author and Year LVDD Population Prevalence [95% CI]
Poirier , 2001 28 46 |—'—‘ 0.61[0.46,0.74]
Zabalgoitia , 2001 24 50 '—‘-—' 0.48[0.35,0.62]
Dawson 2005 168 310 i 0.54[0.49,0.60]
Albertini , 2008 M 49 —_— 0.63[0.49,0.75]
Srivastava , 2008 62 145 '—'-‘—' 0.43[035,051]
From ,2010 160 863 HH 0.1910.16,0.21]
Kazlauskaite, 2010 28 60 F—'—' 0.47[0.35,0.59]
Patil 2011 39 69 "—'—' 057[0.45,0.68]
Ernande 2011 33 69 ’—‘—' 0.48[0.36,0.60]
Boonman 2012 g2 310 - 026[0.22,0.32]
Akiyama 2014 M 55 H—"—i 0.56[0.43,0.69]
Chaudhary , 2015 31 85 —— 0.480.36,0.60]
Pooled prevalence -ﬁ—— 0.46[0.37,0.55]
[ I : I I 1
0.00 0.25 0.50 0.75 1.00

Figure 6. Prevalence of left ventricular diastolic dysfunction among men with type 2 diabetes.
Prevalence proportions with 95% confidence interval of left ventricular diastolic dysfunction among men with type 2 diabetes and pooled prevalence
estimate with 95% confidence interval.
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women of 1-3years. This did not explain differences in
sex-specific prevalence in those studies.

The prevalence of HFpEF was only available in two
studies including a total of 765 individuals, one from the
general population and one from the hospital population,
and was therefore not pooled. The prevalence of HFpEF
found in the general population (605 individuals with type
2 diabetes) was 25% (95% CI: 21%—28%) and 8% (95%
CI: 5%—14%) in the hospital population (160 individuals
with type 2 diabetes).!8#! The general population study by
Boonman-Winter et al.!® was the only study presenting
also sex-specific prevalence of (previously undetected)
HFpEF: 18% in men [mean age: 73.8 years; standard devi-
ation (SD): 8.6years] and 28% in women (mean age:
74.9years; SD 6.9 years).

Discussion

Our review is the first to provide pooled estimates of the
prevalence of LVDD among type 2 diabetes patients and
demonstrates that LVDD is an important problem among
men and women with type 2 diabetes, affecting on average
35% (95% CI: 24%—46%) of type 2 diabetes patients in the
community and 48% (95% CI: 38%—59%) of type 2 diabe-
tes patients in the hospital population. This review, how-
ever, demonstrates a wide variation in the prevalence of
LVDD among type 2 diabetes patients and therefore the
pooled prevalence estimates need to be interpreted with
caution. Only two studies provided prevalence estimates
of HFpEF among type 2 diabetes patients; among 605 type
2 diabetes patients from the general population, aged
60years or over, the prevalence of HFpEF was 24.8%
(95% CI: 21%-28%), and in a hospital population among
160 type 2 diabetes patients the prevalence was 8% (95%
CI: 5%—14%). The prevalence estimates of HFpEF in type
2 diabetes from the general population are high compared
to a prevalence of 4.9% of HFpEF in community dwellers
60 years or over, as presented in a recent review.’

By definition, the denominator of the prevalence is (a
sample of) the population at large. As such, studies inves-
tigating type 2 diabetes patients from the general popula-
tion provide better estimates than studies that calculate a
prevalence in a hospital population with only a selection of
patients with type 2 diabetes, in generally more diseased
patients. Nevertheless, for clinical practice prevalence data
from the hospital setting are especially useful for special-
ists, while the prevalence data from the community are of
interest for the general practitioner.

LVDD is arisk factor for developing HF, notably HFpEF,
but likely HFrEF as well, and it is associated with an increase
in all-cause mortality compared to people (age and gender
adjusted) without LVDD.>!-32 HFpEF is increasingly consid-
ered to be important and is known for its high mortality
rates.®*! Studies reporting comparisons in mortality rates
between HFrEF and HFpEF are conflicting, with some

studies showing that HFpEF patients have a somewhat
lower mortality rate than HFTEF patients, while others sug-
gest similar mortality rates.’>55 Unfortunately though, as
compared with HFrEF, clear mortality-reducing therapies
for HFpEF have not yet been identified.’® Furthermore,
debate remains ongoing regarding the criteria of LVDD and
the cut-points to be used for echocardiographic parameters.
Also the exact pathophysiology underlying LVDD and
HFpEF has not yet been unravelled.!!-!2 It has been well rec-
ognized that HFpEF typically occurs in patients with comor-
bidities including type 2 diabetes, which is in line with our
findings in this review showing very high prevalence rates
of LVDD among type 2 diabetes patients.>!1.12

Only one study so far has shown, with longitudinal
data, that 9% of patients with LVDD improve to a better
diastolic function in 4 years in contrast to 23% worsening
and the remainder having a similar grade of diastolic dys-
function.>” It is currently unknown who with LVDD will
eventually become symptomatic, that is, develop HFpEF,
and after how many years. For that, longitudinal studies
need to be performed, also among patients with type 2 dia-
betes. Such studies could help focus identifying those type
2 diabetes patients with LVDD at high risk of developing
HFpEEF, and in order to optimize cardiovascular risk pre-
vention, including optimal blood pressure control.5-5
Another important prospective research area lies in the
development of prognostically effective treatment strate-
gies of HFpEF. There have been some suggestions for tar-
geting specific subgroups of HFpEF; however, these
treatment strategies need to be further developed.®%-6!

Previous research suggested that women are more
likely to develop HFpEF than men based on a bimodal dis-
tribution for sex and ejection fraction in HF, with female
sex as a risk factor for HFpEF.333462 One study in our
review clearly showed in a general population setting that
women with type 2 diabetes [mean age: 74.9 (SD: 6.9)
years] had a higher prevalence of HFpEF than men with
type 2 diabetes [mean age: 73.8 (SD: 8.6) years]: 28% ver-
sus 18%.18 Interestingly, however, in this same population
study, the prevalence rates of LVDD were similar among
women and men (24% vs 26%).'® Also in our systematic
review, based on 12 studies providing such data, the preva-
lence of LVDD was similar between women and men
(47% vs 46%). An explanation may be that women with
LVDD develop HFpEF more easily than men do. However,
we could not completely account for the effect of age, as
only six studies reported sex-specific mean age.

Many studies included in this review used a relatively
young and healthy study population by excluding several
comorbidities. However, the pathophysiology of HFpEF
and diastolic dysfunction is complicated by a host of
comorbidities, as well as by age and sex, with a different
impact on cardiac function and remodelling.®> As has been
recently proposed in a review by Dunlay et al.,®* part of the
explanation for the female predominance for developing
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HFpEF could lie in their older age at time of detection. The
general lack of studies examining the natural progression
of diastolic dysfunction to HFpEF makes it difficult to
state if the difference in HFpEF prevalence between men
and women is largely attributable to ageing or a combina-
tion of sex differences in cardiac remodelling and ageing.
Given, however, the results of Boonman-de Winter et al.,!8
it seems that the difference between men and women with
type 2 diabetes in the prevalence of HFpEF is not driven
by differences in age because they were of similar age.
The higher prevalence of diastolic dysfunction and
HFpEF in type 2 diabetes patients seems to show the
impact of diabetes in the development of these conditions.
Diabetes is associated with changes in cardiac metabolism,
structure and function. Mechanisms contributing to myo-
cardial dysfunction in diabetes include hyperglycaemia,
lipotoxicity and insulin resistance.!!> Perhaps, these fac-
tors differed between men and women in the studies
included and may thus impact the underlying pathophysi-
ology of diastolic dysfunction and hence the prevalence
rates. However, further research is necessary to confirm
this finding and to unravel possible underlying pathways.
A number of limitations of this review need to be
addressed. First of all, we noted significant heterogeneity
between the included studies, a common finding in meta-
analyses concerning prevalence estimates.®-%7 Many hos-
pital population studies in this review excluded patients
with a history of cardiovascular diseases, hypertension,
atrial fibrillation, valvular diseases and renal diseases,
which was in contrast to the general population studies
(except for the study by Pareek et al.), and resulted in very
select study populations.® So it is highly plausible that the
prevalence of LVDD (and HFpEF) is much higher among
unselected hospitalized type 2 diabetes patients than what
the results from this review suggest.®® Other important rea-
sons for different prevalence rates in our review are differ-
ences in case definition and echocardiographic criteria for
diastolic dysfunction. There is no uniform agreement on
the definition of diastolic dysfunction, and it has only been
agreed upon that multiple echocardiographic measure-
ments should be used. However, because a reference
standard is lacking, an algorithm of echocardiographic
parameters variables is not generally accepted nor could be
validated.>1-%° Tissue Doppler imaging (TDI), widely avail-
able since 2002, is considered crucial in the diagnosis of
diastolic dysfunction, notably the use of the parameter E/é,
but we also included studies performed after 2002 that did
not incorporate the use of TDI. Importantly, we conducted
sensitivity analyses by only including studies using similar
case definitions for LVDD, but again prevalence rates
largely varied (data not shown), suggesting that more fac-
tors may have influenced the results, including differences
in source population, study setting, variation in age and
gender distribution, duration of type 2 diabetes and differ-
ent cut-off points for ejection fraction. In addition, survey

year, study design and sample size may have had an influ-
ence on the prevalence of LVDD. Unfortunately, we only
identified five studies conducted in the community at
large. They were of reasonable quality, ranging from low
(n=2) to medium (n=23) risk of bias. The quality of the 15
hospital population studies included in this review was of
a moderate standard with the majority having a medium
risk of bias, but one study had a low risk of bias and another
a high risk of bias.

Conclusion

The prevalence of LVDD among type 2 diabetes patients is
similarly high in men and women, while HFpEF seems to
be much more common in women than men in community
people with type 2 diabetes. More general population stud-
ies should be performed for an improved understanding of
the prevalence of undetected LVDD and HFpEF. In addi-
tion, there is a need for more longitudinal studies to iden-
tify who with type 2 diabetes and LVDD will develop
HFpEF, after how much time, and whether this differs
between men and women, so strategies for better manage-
ment of these at-risk groups can be developed.
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