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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.1,2 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.3

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; HFrEF (left ventricular 
ejection fraction (LVEF) < 40%), HFpEF (EF ⩾ 50%) and 
a grey area in between (EF: 40%–49%) now categorized as 
mid-range (HFmrEF).4 A recent systematic review showed 
that in the general Western population aged 60 years or 
over, HFpEF with a prevalence of 4.9% is now more com-
mon than HFrEF with a prevalence of 3.3%.5 Longitudinal 
data from the United States suggest that over the last 
10 years the incidence of HFrEF seems to be decreasing, 
while the incidence of HFpEF is increasing.6,7 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.11,12 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.13–15 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.6,16 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 
early stages of HFpEF. The prevalence of both HF and 
LVDD in type 2 diabetes patients has been studied previ-
ously.3,17,18 However, most of these studies did not distin-
guish between HFrEF and HFpEF, nor assessed LVDD 
adequately with echocardiography.17,19 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.20,21 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 ⩾7.0 mmol/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/é ratio > 13 and left atrial 
(LA) volume index > 34 mL/m2. 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.22 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).23 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?

(c) 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?

(i) 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 (CIs) 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 I2 statistic.24 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% CIs 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.25,26 A p-value < 0.05 was con-
sidered significant. All statistical analyses were performed 
in R using the ‘metafor’ package.27

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 six studies recruited 
their participants from the population at large18,42–46 and 
four studies failed to report where they had selected their 
participants from.47–50 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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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 ± 6 years (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 18 years. Different parameters were used to assess 

LVDD including the ratio between early (E) and late (A) 
ventricular filling velocity over the mitral valve (E/A 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 

Figure 1.  Flow chart of the process for selection of relevant articles.
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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.29,37,44 These studies were not 
included in the meta-analysis, as these prevalence esti-
mates could not be manually verified and 95% CIs 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: 

Q = 326.87, p < 0.001, I2 = 96.3%; general population: 
Q = 104.58, p < 0.001, I2 = 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 (n = 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, 
I2 = 91.5%; women: Q = 128.89, p < 0.001, I2 = 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 

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.
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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 II diabetes patients in the hospital popula-
tion and pooled prevalence estimate with 95% confidence interval.

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.
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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.

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 1–3 years. 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).18,41 The general population study by 
Boonman-Winter et  al.18 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): 8.6 years] and 28% in women (mean age: 
74.9 years; 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 
60 years 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.5

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 a risk 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.51,52 HFpEF is increasingly consid-
ered to be important and is known for its high mortality 
rates.6,51 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 HFrEF patients, while others sug-
gest similar mortality rates.53–55 Unfortunately though, as 
compared with HFrEF, clear mortality-reducing therapies 
for HFpEF have not yet been identified.56 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.11,12 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.5,11,12

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.57 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 
HFpEF, and in order to optimize cardiovascular risk pre-
vention, including optimal blood pressure control.58,59 
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.60,61

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.53,54,62 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%).18 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.63 As has been 
recently proposed in a review by Dunlay et al.,64 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.,18 
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.11,12 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.65–67 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.45 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.68 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.51,69 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 = 3) 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.

Author’s contributions

S.B. conceived of the study, performed the systematic search, 
screened articles, performed the meta-analysis and wrote the 
manuscript. G.B.V. screened the articles and wrote the manu-
script. A.G. contributed to the results and reviewed/edited the 
manuscript. H.M.d.R. reviewed/edited the manuscript. H.B.R. 
contributed to the methods. A.W.H. reviewed/edited the manu-
script. F.H.R. conceived of the study, contributed to the methods 
and results and reviewed/edited the manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship and/or publication of this 
article.

Funding

G.B.V was supported by the Netherlands Cardiovascular 
Research Initiative, supported by the Dutch Heart Foundation 
Grant CVON [2014-11] RECONNECT. A.G. was supported by 
the Queen of Hearts Consortium that had been supported by a 
grant from the Netherlands Heart Foundation [2013/T084].

References

	 1.	 Bertoni AG, Hundley WG, Massing MW, et al. Heart fail-
ure prevalence, incidence, and mortality in the elderly with 
diabetes. Diabetes Care 2004; 27: 699–703.

	 2.	 MacDonald MR, Petrie MC, Varyani F, et al. Impact of dia-
betes on outcomes in patients with low and preserved ejec-
tion fraction heart failure: an analysis of the Candesartan 
in Heart failure: Assessment of Reduction in Mortality and 
Morbidity (CHARM) programme. Eur Heart J 2008; 29: 
1377–1385.



492	 Diabetes & Vascular Disease Research 15(6)

	 3.	 Kannel WB and McGee DL. Diabetes and cardiovascular dis-
ease. The Framingham study. JAMA 1979; 241: 2035–2038.

	 4.	 Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC guide-
lines for the diagnosis and treatment of acute and chronic 
heart failure: The Task Force for the diagnosis and treatment 
of acute and chronic heart failure of the European Society 
of Cardiology (ESC) developed with the special contribu-
tion of the Heart Failure Association (HFA) of the ESC. Eur 
Heart J 2016; 37: 2129–2200.

	 5.	 Van Riet EES, Hoes AW, Wagenaar KP, et al. Epidemiology 
of heart failure: the prevalence of heart failure and ven-
tricular dysfunction in older adults over time. A systematic 
review. Eur J Heart Fail 2016; 18: 242–252.

	 6.	 Owan TE, Hodge DO, Herges RM, et al. Trends in preva-
lence and outcome of heart failure with preserved ejection 
fraction. N Engl J Med 2006; 355: 251–259.

	 7.	 Gerber Y, Weston SA, Redfield MM, et al. A contemporary 
appraisal of the heart failure epidemic in Olmsted County, 
Minnesota, 2000 to 2010. JAMA Intern Med 2015; 175: 996–
1004.

	 8.	 Whiting DR, Guariguata L, Weil C, et al. IDF diabetes atlas: 
global estimates of the prevalence of diabetes for 2011 and 
2030. Diabetes Res Clin Pr 2011; 94: 311–321.

	 9.	 Bhupathiraju SN and Hu FB. Epidemiology of obesity and 
diabetes and their cardiovascular complications. Circ Res 
2016; 118: 1723–1735.

	10.	 Zimmet PZ, Magliano DJ, Herman WH, et al. Diabetes: a 21st 
century challenge. Lancet Diabetes Endo 2014; 2: 56–64.

	11.	 Seferovic PM and Paulus WJ. Clinical diabetic cardiomyo-
pathy: a two-faced disease with restrictive and dilated phe-
notypes. Eur Heart J 2015; 36: 1718–1727, 1727a–1727c.

	12.	 Paulus WJ and Tschope C. A novel paradigm for heart fail-
ure with preserved ejection fraction: comorbidities drive 
myocardial dysfunction and remodeling through coronary 
microvascular endothelial inflammation. J Am Coll Cardiol 
2013; 62: 263–271.

	13.	 Bajraktari G, Qirko S, Rexhepaj N, et  al. Non-insulin 
dependent diabetes as an independent predictor of asymp-
tomatic left ventricular diastolic dysfunction. Croat Med J 
2005; 46: 225–231.

	14.	 Annonu AK, Fattah AA, Mokhtar MS, et al. Left ventricular 
systolic and diastolic functional abnormalities in asympto-
matic patients with non-insulin-dependent diabetes melli-
tus. J Am Soc Echocardiog 2001; 14: 885–891.

	15.	 Dodiyi-Manuel ST, Akpa MR and Odia OJ. Left ventricular 
dysfunction in normotensive type II diabetic patients in Port 
Harcourt, Nigeria. Vascular Health Risk Manage 2013; 9: 
529–533.

	16.	 Ho JE, Gona P, Pencina MJ, et  al. Discriminating clinical 
features of heart failure with preserved vs reduced ejection 
fraction in the community. Eur Heart J 2012; 33: 1734–1741.

	17.	 Nichols GA, Hillier TA, Erbey JR, et al. Congestive heart 
failure in type 2 diabetes: prevalence, incidence, and risk 
factors. Diabetes Care 2001; 24: 1614–1619.

	18.	 Boonman-de Winter LJ, Rutten FH, Cramer MJ, et al. High 
prevalence of previously unknown heart failure and left 
ventricular dysfunction in patients with type 2 diabetes. 
Diabetologia 2012; 55: 2154–2162.

	19.	 Barzilay JI, Kronmal RA, Gottdiener JS, et al. The associa-
tion of fasting glucose levels with congestive heart failure in 

diabetic adults > or =65 years: The Cardiovascular Health 
Study. J Am Coll Cardiol 2004; 43: 2236–2241.

	20.	 Albertini JP, Cohen R, Valensi P, et al. B-type natriuretic pep-
tide, a marker of asymptomatic left ventricular dysfunction in 
type 2 diabetic patients. Diabetes Metab 2008; 34: 355–362.

	21.	 Fang ZY, Schull-Meade R, Leano R, et  al. Screening for 
heart disease in diabetic subjects. Am Heart J 2005; 149: 
349–354.

	22.	 Hoy D, Brooks P, Woolf A, et al. Assessing risk of bias in 
prevalence studies: modification of an existing tool and evi-
dence of interrater agreement. J Clin Epidemiol 2012; 65: 
934–939.

	23.	 Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: 
a revised tool for the quality assessment of diagnostic accu-
racy studies. Ann Intern Med 2011; 155: 529–536.

	24.	 Higgins JPT and Thompson SG. Quantifying heterogeneity 
in a meta-analysis. Stat Med 2002; 21: 1539–1558.

	25.	 Egger M, Smith GD, Schneider M, et al. Bias in meta-anal-
ysis detected by a simple, graphical test. Brit Med J 1997; 
315: 629–634.

	26.	 Begg CB and Mazumdar M. Operating characteristics of a 
bank correlation test for publication bias. Biometrics 1994; 
50: 1088–1101.

	27.	 Viechtbauer W. Conducting meta-analyses in R with the 
metafor package. J Stat Softw 2010; 36: 1–48.

	28.	 Andersen NH, Poulsen SH, Poulsen PL, et al. Left ventricu-
lar dysfunction in hypertensive patients with type 2 diabetes 
mellitus. Diabet Med 2005; 22: 1218–1225.

	29.	 Aigbe IF, Kolo PM and Omotoso AB. Left ventricular 
structure and function in black normotensive type 2 diabetes 
mellitus patients. Ann Afr Med 2012; 11: 84–90.

	30.	 Chaudhary AK, Aneja GK, Shukla S, et al. Study on dias-
tolic dysfunction in newly diagnosed type 2 diabetes mel-
litus and its correlation with glycosylated haemoglobin 
(HbA1C). J Clin Diagn Res 2015; 9: OC20–OC22.

	31.	 Chen Y, Zhao CT, Zhen Z, et al. Association of myocardial 
dysfunction with vitamin D deficiency in patients with type 2 
diabetes mellitus. J Diabetes Complicat 2014; 28: 286–290.

	32.	 Chillo P, Rieck AE, Lwakatare J, et al. Left atrial volume 
index as a marker of left ventricular diastolic dysfunction in 
asymptomatic Tanzanian diabetic patients. Blood Pressure 
2013; 22: 86–93.

	33.	 Cioffi G, Giorda CB, Chinali M, et al. Analysis of midwall 
shortening reveals high prevalence of left ventricular myo-
cardial dysfunction in patients with diabetes mellitus: the 
DYDA study. Eur J Prev Cardiol 2012; 19: 935–943.

	34.	 Dawson A, Morris AD and Struthers AD. The epidemiology 
of left ventricular hypertrophy in type 2 diabetes mellitus. 
Diabetologia 2005; 48: 1971–1979.

	35.	 Ernande L, Bergerot C, Rietzschel ER, et al. Diastolic dys-
function in patients with type 2 diabetes mellitus: is it really 
the first marker of diabetic cardiomyopathy? J Am Soc 
Echocardiog 2011; 24: 1268–1275.e1.

	36.	 Faden G, Faganello G, De Feo S, et al. The increasing detec-
tion of asymptomatic left ventricular dysfunction in patients 
with type 2 diabetes mellitus without overt cardiac disease: 
data from the SHORTWAVE study. Diabetes Res Clin Pr 
2013; 101: 309–316.

	37.	 Habek JC, Lakusic N, Kruzliak P, et al. Left ventricular dias-
tolic function in diabetes mellitus type 2 patients: correlation 



Bouthoorn et al.	 493

with heart rate and its variability. Acta Diabetologica 2014; 
51: 999–1005.

	38.	 Kazlauskaite R, Doukky R, Evans A, et al. Predictors of dias-
tolic dysfunction among minority patients with newly diag-
nosed type 2 diabetes. Diabetes Res Clin Pr 2010; 88: 189–195.

	39.	 Patil V, Patil H, Shah K, et  al. Diastolic dysfunction in 
asymptomatic type 2 diabetes mellitus with normal systolic 
function. J Cardiovasc Dis Res 2011; 2: 213–222.

	40.	 Poulsen MK, Henriksen JE, Dahl J, et al. Left ventricular 
diastolic function in type 2 diabetes mellitus: prevalence 
and association with myocardial and vascular disease. Circ: 
Cardiovasc Imag 2010; 3: 24–31.

	41.	 Utrera-Lagunas M, Orea-Tejeda A, Castillo-Martínez L, 
et  al. Abnormal myocardial perfusion and risk of heart 
failure in patients with type 2 diabetes mellitus. Exp Clin 
Cardiol 2013; 18: e44–e46.

	42.	 Dandamudi S, Slusser J, Mahoney DW, et al. The prevalence 
of diabetic cardiomyopathy: a population-based study in 
Olmsted County, Minnesota. J Card Fail 2014; 20: 304–309.

	43.	 From AM, Scott CG and Chen HH. The development of 
heart failure in patients with diabetes mellitus and pre-clin-
ical diastolic dysfunction a population-based study. J Am 
Coll Cardiol 2010; 55: 300–305.

	44.	 Henry RM, Paulus WJ, Kamp O, et al. Deteriorating glucose 
tolerance status is associated with left ventricular dysfunc-
tion – The Hoorn Study. Neth J Med 2008; 66: 110–117.

	45.	 Pareek M, Nielsen ML, Gerke O, et al. Worsening diastolic 
function is associated with elevated fasting plasma glucose 
and increased left ventricular mass in a supra-additive fash-
ion in an elderly, healthy, Swedish population. Int J Cardiol 
2015; 184: 466–472.

	46.	 Srivastava PM, Calafiore P, Macisaac RJ, et al. Prevalence 
and predictors of cardiac hypertrophy and dysfunction in 
patients with type 2 diabetes. Clin Sci 2008; 114: 313–320.

	47.	 Akiyama T, Eto Y, Matsuda H, et al. Albuminuria and left 
ventricular mass index are associated with left ventricular 
diastolic dysfunction in type 2 diabetes mellitus patients. 
Diabetol Int 2014; 5: 129–133.

	48.	 Poirier P, Bogaty P, Garneau C, et al. Diastolic dysfunction in 
normotensive men with well-controlled type 2 diabetes: impor-
tance of maneuvers in echocardiographic screening for preclini-
cal diabetic cardiomyopathy. Diabetes Care 2001; 24: 5–10.

	49.	 Zabalgoitia M, Ismaeil MF, Anderson L, et al. Prevalence 
of diastolic dysfunction in normotensive, asymptomatic 
patients with well-controlled type 2 diabetes mellitus. Am J 
Cardiol 2001; 87: 320–323.

	50.	 Boyer JK, Thanigaraj S, Schechtman KB, et al. Prevalence 
of ventricular diastolic dysfunction in asymptomatic, nor-
motensive patients with diabetes mellitus. Am J Cardiol 
2004; 93: 870–875.

	51.	 Redfield MM, Jacobsen SJ, Burnett JC Jr, et al. Burden of 
systolic and diastolic ventricular dysfunction in the commu-
nity: appreciating the scope of the heart failure epidemic. 
JAMA 2003; 289: 194–202.

	52.	 Aurigemma GP, Gottdiener JS, Shemanski L, et  al. 
Predictive value of systolic and diastolic function for inci-
dent congestive heart failure in the elderly: the cardiovas-
cular health study. J Am Coll Cardiol 2001; 37: 1042–1048.

	53.	 Borlaug BA and Paulus WJ. Heart failure with preserved 
ejection fraction: pathophysiology, diagnosis, and treat-
ment. Eur Heart J 2011; 32: 670–679.

	54.	 Bhatia RS, Tu JV, Lee DS, et  al. Outcome of heart fail-
ure with preserved ejection fraction in a population-based 
study. N Engl J Med 2006; 355: 260–269.

	55.	 Meta-Analysis Global Group in Chronic Heart Failure. The 
survival of patients with heart failure with preserved or 
reduced left ventricular ejection fraction: an individual patient 
data meta-analysis. Eur Heart J 2012; 33: 1750–1757.

	56.	 Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA 
guideline for the management of heart failure: executive 
summary: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on 
practice guidelines. Circulation 2013; 128: 1810–1852.

	57.	 Kane GC, Karon BL, Mahoney DW, et al. Progression of 
left ventricular diastolic dysfunction and risk of heart fail-
ure. JAMA 2011; 306: 856–863.

	58.	 Huelsmann M, Neuhold S, Resl M, et  al. PONTIAC 
(NT-proBNP selected prevention of cardiac events in a pop-
ulation of diabetic patients without a history of cardiac dis-
ease): a prospective randomized controlled trial. J Am Coll 
Cardiol 2013; 62: 1365–1372.

	59.	 Ledwidge M, Gallagher J, Conlon C, et al. Natriuretic pep-
tide–based screening and collaborative care for heart fail-
ure. JAMA 2013; 310: 66.

	60.	 Shah SJ, Kitzman DW, Ba B, et  al. Phenotype-specific 
treatment of heart failure with preserved ejection fraction. 
Circulation 2016; 134: 73–90.

	61.	 Tschöpe C, Birner C, Böhm M, et al. Heart failure with 
preserved ejection fraction: current management and 
future strategies: expert opinion on the behalf of the 
nucleus of the ‘Heart Failure Working Group’ of the 
German Society of Cardiology (DKG). Clin Res Cardiol 
2017; 107: 1–19.

	62.	 Fa M, Havranek EP, Smith G, et al. Gender, age, and heart 
failure with preserved left ventricular systolic function. J 
Am Coll Cardiol 2003; 41: 217–223.

	63.	 Gori M, Lam CS, Gupta DK, et al. Sex-specific cardiovas-
cular structure and function in heart failure with preserved 
ejection fraction. Eur J Heart Fail 2014; 16: 535–542.

	64.	 Dunlay SM, Roger VL and Redfield MM. Epidemiology 
of heart failure with preserved ejection fraction. Nat Rev 
Cardiol 2017; 14: 591–602.

	65.	 Lange S, Shield K, Rehm J, et al. Prevalence of fetal alcohol 
spectrum disorders in child care settings: a meta-analysis. 
Pediatrics 2013; 132: e980–e995.

	66.	 Jones L, Bellis MA, Wood S, et  al. Prevalence and risk 
of violence against children with disabilities: a systematic 
review and meta-analysis of observational studies. Lancet 
2012; 380: 899–907.

	67.	 Mata DA, Ramos MA, Bansal N, et  al. Prevalence of 
depression and depressive symptoms among resident physi-
cians: a systematic review and meta-analysis. JAMA 2015; 
314: 2373–2383.

	68.	 Brouwers FP, de Boer RA, van der Harst P, et al. Incidence 
and epidemiology of new onset heart failure with preserved 
vs reduced ejection fraction in a community-based cohort: 
11-year follow-up of PREVEND. Eur Heart J 2013; 34: 
1424–1431.

	69.	 Nagueh SF, Appleton CP, Gillebert TC, et  al. 
Recommendations for the evaluation of left ventricular dias-
tolic function by echocardiography. J Am Soc Echocardiog 
2009; 22: 107–133.


