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                        ORIGINAL ARTICLE    

 Left atrial volume index as a marker of left ventricular diastolic 
dysfunction in asymptomatic Tanzanian diabetic patients      

    PILLY   CHILLO  1,2  ,        Å SHILD E.   RIECK  1  ,       JOHNSON   LWAKATARE  2  ,       JANET   LUTALE  2   
&       EVA   GERDTS  1,3      

  1   Institute of Medicine, University of Bergen, Norway,   2   Muhimbili National Hospital and Muhimbili 
University of Health and Allied Sciences, Dar es Salaam, Tanzania,   and 3   Department of Heart Diseases, 
Haukeland University Hospital, Bergen, Norway                              

 Abstract 
  Aim:  To determine the prevalence of left atrial (LA) enlargement and its relation to left ventricular (LV) diastolic dysfunc-
tion among asymptomatic diabetic outpatients attending Muhimbili National Hospital in Dar es Salaam, Tanzania. 
 Methods:  Echocardiography was performed in 122 type 2 and 58 type 1 diabetic patients. Diastolic dysfunction was defi ned 
as peak transmitral blood velocity to medial mitral annulus velocity (E/E ’ ) ratio  �    15. LA volume indexed to body surface 
area (LAVI) was considered enlarged if   �    29 ml/m 2 .  Results:  Enlarged LAVI and LV diastolic dysfunction were more com-
mon in type 2 than in type 1 diabetic patients (44.3 vs 25.9% and 20.5 vs 3.5%, respectively, both  p   �    0.05). In multi-
variate linear regression analysis, larger LAVI was associated with LV diastolic dysfunction independent of signifi cant 
associations with LV mass index and presence of mitral regurgitation in type 2 diabetic patients, while LV mass index, lower 
ejection fraction and longer duration of diabetes were the main covariates of larger LAVI in type 1 diabetic patients (all 
 p   �    0.05).  Conclusion:  Enlarged LA is common among asymptomatic Tanzanian diabetic patients, and particularly associated 
with LV diastolic dysfunction in type 2, and with cardiomyopathy and lower systolic function in type 1 diabetic patients.  

  Key Words:   Diabetes mellitus  ,   left atrial volume  ,   left ventricular diastolic dysfunction  ,   sub-Saharan   Africa   

   Introduction 

 Although left atrial (LA) enlargement is a common 
marker of subclinical cardiac target organ damage 
both in diabetic and hypertensive patients (1), LA 
size also refl ects the severity of left ventricular (LV) 
diastolic dysfunction independent of other well-
known covariates of LA enlargement including 
hypertension, obesity and age (2 – 5). In particular, 
LA volume, which better refl ects LV fi lling pressure 
over time (6), has been suggested to be a better 
marker of LV diastolic dysfunction and cardiovascu-
lar risk than mitral infl ow Doppler indices, which 
refl ect instant LV fi lling pressures at the time of the 
examination (3,4,7). 

 In diabetic patients, LV diastolic dysfunction is 
common, reported in about 30 – 60% of cases in 
studies from Europe and North America (8 – 11), but 
data from African populations is scarce. In a recent 

publication from South Africa, isolated diastolic dys-
function was found as the only echocardiographic 
pathology in 23% of patients admitted with heart 
failure (12). However, less is known about the prev-
alence of LA enlargement and how well it refl ects 
LV diastolic dysfunction in asymptomatic diabetic 
patients in sub-Saharan Africa. Thus, the aim of this 
study was to determine the prevalence and covariates 
of enlarged LA volume among type 1 and type 2 
diabetic patients attending Muhimbili National 
Hospital in Dar es Salaam, Tanzania.   

 Materials and methods  

 Patient population 

 Participants for this study were recruited from 
diabetic patients who participated in a survey to 
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determine prevalence of microalbuminuria among 
type 1 and type 2 diabetic patients attending Muhim-
bili National Hospital in Dar es Salaam, Tanzania in 
2003 – 4 (13). Of the total 244 patients in this previ-
ously published survey, 184 patients who were still 
receiving care and treatment at the diabetic outpa-
tient clinic at the hospital in 2008 were invited to 
participate in the present study. All 184 patients 
agreed to participate and signed informed consent. 
The study received ethical approval from the Muhim-
bili University of Health ’ s Research and Publications 
Committee. 

 Among the 184 patients recruited, LA volume 
could not be measured in four patients due to poor 
apical window, and these were excluded from the 
present analysis.   

 Clinical assessment and Laboratory tests 

 A structured questionnaire was used for interview 
about socio-demographic characteristics, history of 
cardiovascular risk factors and the duration of dia-
betes. Height and weight were measured and used to 
calculate body mass index. Waist circumference was 
measured at the level of the umbilicus and used as 
a measure of central obesity. Blood pressure was 
measured using a mercury sphygmomanometer and 
appropriate cuff size following the joint European 
Society of Hypertension and European Society of 
Cardiology guidelines (14). After a 5-min rest in the 
sitting position, a set of three readings were done 
5 min apart. The average of the last two readings was 
taken as the patient ’ s clinic blood pressure. Hyperten-
sion was defi ned as blood pressure  �    140/90 mmHg or 
use of antihypertensive medications. 

 Serum glucose, HbA 1c , lipids and creatinine were 
measured in fasting blood samples. Urinary albumin/
creatinine ratio (UACR) was measured in a spot 
morning urine sample. Abnormal albuminuria was 
defi ned as UACR  �    30 mg/g (15).   

 Echocardiography 

 All echocardiograms were performed by the same 
licensed cardiologist (PC) who had received special 
training in echocardiography using a SONOS 7500 
Phillips echocardiograph. Patients were examined in 
left lateral decubitus position using a 3-MHz trans-
ducer following a standardized protocol. All images 
were recorded digitally on Magnetic Optical disks, 
and interpretation of all digital echocardiograms was 
done at the Department of Heart Disease, Hauke-
land University Hospital using a Tomtec (TomTech 
Imaging Systems GmbH, Unterschleissheim, Ger-
many) workstation for post-processing. All studies 
were fi rst read by the primary investigator and then 
proof-read by the senior investigator, a highly expe-
rienced reader (EG).   

 Assessment of cardiac structure 

 Quantitative echocardiography was performed fol-
lowing the joint European Association of Echocar-
diography and American Society of Echocardiography 
guidelines (16). LV mass was calculated using an 
autopsy validated equation (17) and indexed to 
height 2.7  to obtain LV mass index (LVMI). LV hyper-
trophy was considered present if LVMI exceeded 
49.2 g/m 2.7  in men and 46.7 g/m 2.7  in women (18). 
LA volume was measured using biplane Simpson ’ s 
method at the end of LV systole and indexed to body 
surface area (LAVI). LAVI was considered enlarged 
if  �    29 ml/m 2  (16). Assessment of mitral valve regur-
gitation was done using colour Doppler imaging and 
graded 1 – 4 (19).   

 Assessment of LV diastolic function 

 LV fi lling was recorded at the level of the mitral leaf-
lets tips. The leading edge of the mitral fl ow pattern 
was traced to derive peak early (E) and atrial (A) 
velocities, E/A ratio and E deceleration time. Isovolu-
mic relaxation time was measured from the leading 
edge of the aortic valve closure spike to the leading 
edge of the mitral valve opening spike. The medial 
early diastolic mitral annular velocity (E ’ ) was mea-
sured by spectral tissue Doppler imaging in apical 
four-chamber view. The ratio of E to E ’  velocity (E/E ’  
ratio) was taken as an estimation of LV fi lling pres-
sure (20) and diastolic dysfunction was defi ned as 
E/E ’   �    15 (21).   

 Statistical methods 

 Data management and statistical analysis was per-
formed using SPSS for Windows version 18.0. Data 
is presented as mean  �  standard deviation for con-
tinuous variables and as percentages for categorical 
variables. Groups of patients were compared using 
 χ  2  test, unpaired Student ’ s  t -test and general linear 
model adjusting for age and gender with Sidak ’ s  post 
hoc  test as appropriate. Bivariate correlations were 
assessed by Pearson ’ s correlation coeffi cients. Uni- 
and multivariate linear and logistic regression analy-
ses were used to identify covariates of enlarged LAVI 
in the total study population and separately in groups 
of patients with type 1 and type 2 diabetes. Results 
are presented as beta coeffi cients and signifi cant level 
for the linear models and as odds ratios (OR) and 
95% confi dence intervals (CI) for the logistic 
models. Finally, the ability of LAVI to detect diastolic 
dysfunction was tested in receiver operating charac-
teristic (ROC) curve analysis of probabilities derived 
from the multivariate models reporting area under 
the curve (AUC) and 95% CI. ROC curves 
were compared using DeLong ’ s test (22). A two-
tailed  p -value of  �    0.05 was considered statistically 
signifi cant.    
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 Results  

 Patients ’  characteristics 

 The study population included 58 type 1 and 122 
type 2 diabetic patients. Seven patients (3.9%) had 
LV ejection fraction  �    50% (1 type 1 and 6 type 2 
diabetic patients). Compared with type 1, type 2 dia-
betic patients were older (55    �    9 vs 21    �    10 years), 
had longer duration of diabetes (11    �    6 vs 8    �    4 
years) and were more likely to be obese (37% vs 2%) 
and have hypertension (82% vs 17%), all  p   �    0.01. 
Grade 1 mitral regurgitation was present in 25.6% 
patients and grade 2 in 1.7% in the total study pop-
ulation, and more common among patients with 
enlarged LAVI independent of type of diabetes. 
Severe mitral regurgitation was not found in any 
patient. All type 1 diabetic patients were on insulin 
treatment, while among type 2 diabetic patients, 
77.9% were on oral hypoglycaemic drugs, 20.5% 
were on insulin and 1.6% on diet alone.   

 Prevalence and correlates of larger LAVI 

 In the total population, enlarged LAVI was present 
in 38.3% and was more common among type 2 
diabetic patients (44.3% vs 25.9%, respectively, 
 p   �    0.05). Patients with enlarged LAVI were older 
when compared with patients with normal LAVI 
both among type 1 (26.9 vs 18.7 years) and type 2 
(56.8 vs 53.1 years) diabetic groups (both  p   �    0.05). 
There was no gender difference in patients with and 
without enlarged LAVI in both type 1 (53% vs 51% 
women) and type 2 (61% vs 66% women),  p   �    0.05 
for both. 

 Enlarged LAVI was more common in patients 
with hypertension and in patients with increased E/E ’  
ratio refl ecting LV diastolic dysfunction, particularly 
among type 2 diabetic patients (Figure 1). In com-
parisons adjusted for sex and age, patients with type 
1 diabetes and enlarged LAVI showed a trend towards 
longer diabetes duration, and had lower estimated 
GFR (Table I). Among type 2 diabetic patients, those 
with larger LAVI had signifi cantly higher pulse pres-
sure (Table I). 

 The most important echocardiographic differ-
ence between patients with enlarged LAVI and those 
with normal LAVI was larger LV mass index and 
higher prevalence of LV hypertrophy both among 
type 1 and type 2 diabetic patients (Table II). In 
addition, the E/E ’  ratio was signifi cantly higher in 
patients with type 2 diabetes and enlarged LAVI 
(Table II). In bivariate correlations, larger LAVI was 
signifi cantly associated with higher systolic blood 
pressure, mean blood pressure, serum creatinine, LV 
mass index as well as higher E/E ’  ratio, both in type 
1 and type 2 diabetic patients (Table III). Use of 
anti-diabetic treatment did not correlate with 
LAVI.   

 LAVI in relation to LV diastolic dysfunction 

 In the total population, LV diastolic dysfunction 
(defi ned as E/E ’  ratio  �    15) was present in 15.1% of 
patients. Diastolic dysfunction was more common in 
type 2 than in type 1 diabetic patients (20.5% vs 
3.5%,  p   �    0.01). The E/E ’  ratio correlated positively 
with increasing LAVI in univariate analysis, both in 
type 2 and in type 1 diabetic patients although the 
correlation coeffi cient was higher in the type 2 dia-
betic patients (Figure 2). 

 Multivariate linear regression analysis in the type 
2 diabetic group demonstrated that larger LAVI was 
associated with having LV diastolic dysfunction inde-
pendent of LV mass index and presence of mitral 
regurgitation, while no signifi cant association was 
found with LV ejection fraction, age, systolic blood 
pressure, poorer glycaemic control or presence of 
obesity (Table IV). Using the same model, LV mass 
index and lower ejection fraction were the main cova-
riates of larger LAVI in type 1 diabetic patients (Table 
IV). Adding duration of diabetes as a covariate in the 
model revealed an independent association between 
longer duration of diabetes ( β   �    0.27,  p   �    0.05) and 
larger LAVI among type 1 diabetic patients, irrespec-
tive of signifi cant association with LV mass index 
( β   �    0.36) and lower ejection fraction ( β   �  	0.37, 
both  p   �    0.01). Converting the multivariate linear 
model into a multivariate logistic regression model, 
enlarged LAVI was associated with a 3.3 times higher 
prevalence of LV diastolic dysfunction (OR  �    3.28 
[95% CI 1.19 – 8.99],  p   �    0.021) in the overall popu-
lation independent of LV hypertrophy (OR  �    2.5 
[95% CI 1.15 – 5.45],  p   �    0.021), type 2 diabetes 
(OR  �    1.23 [95% CI 0.5 – 3.05],  p   �    0.648) and 
hypertension (OR  �    1.2 [95% CI 0.50 – 2.98], 
 p   �    0.670). Plotting the overall probability of this 
model with and without inclusion of LV hypertrophy 
among the covariates in a ROC curve demonstrated 

  Figure 1.     Prevalence of increased left atrium volume index (LAVI) 
in different subgroups of patients: (1) normotensive patients (NT) 
with normal peak early transmitral jet velocity to mitral annulus 
velocity ratio (E/E ’ ), (2) hypertensive patients (HT) with normal 
E/E ’  and (3) patients with increased E/E ’  (presence of left 
ventricular diastolic dysfunction) according to type of diabetes.  
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that the association of larger LAVI with presence of 
LV diastolic dysfunction was independent of pres-
ence of LV hypertrophy (Figure 3).    

 Discussion 

 To our knowledge, the present study is the fi rst to 
demonstrate that enlarged LA is a common fi nding 
in asymptomatic diabetic patients in sub-Saharan 

Africa, and particularly associated with presence of 
LV diastolic dysfunction in type 2 diabetic patients, 
while LA enlargement more refl ects LV systolic dys-
function and diabetic cardiomyopathy development 
in type 1 diabetic patients. Previous studies in Europe 
and North America have demonstrated that LV 
diastolic dysfunction is common in diabetic patients 
(8 – 11). Our fi nding that subclinical LV diastolic 
dysfunction was common in asymptomatic type 

   Table I. Demographic characteristics and laboratory fi ndings in type 1 and type 2 diabetic patients divided into groups with normal and 
enlarged left atrium volume indexed to body surface area (LAVI).  

Type 1 Type 2

Variable
Normal LAVI 

( n   �    43)
Increased LAVI 

( n   �    15)  p -value
Normal LAVI 

( n   �    68)
Increased LAVI 

( n   �    54)  p -value

Diabetes duration (years) 6.9    �    3.1 10.5    �    6.4 0.088 10.2    �    5.5 11.1    �    6.3 0.811
Height (cm) 151    �    12 149    �    19 0.002 161    �    7 160    �    8 0.288
Weight (kg) 47.3    �    13.0 49.9    �    19.6 0.024 72.9    �    12.5 72.7    �    12.4 0.923
Body mass index (kg/m 2 ) 20.3    �    3.5 21.4    �    5.1 0.251 28.2    �    4.4 28.7    �    5.3 0.456
Obesity (%) 0 7 0.385 33 43 0.245
Waist circumference (cm) 72    �    9 78    �    18 0.471 97    �    11 99    �    11 0.369
Systolic blood pressure (mmHg) 113    �    15 122    �    27 0.945 144    �    18 153    �    25 0.062
Diastolic blood pressure (mmHg) 72    �    12 76    �    19 0.864 88    �    11 88    �    12 0.765
Hypertension (%) 12 29 0.602 82 87 0.960
Antihypertensive treatment (%) 2 21 0.098 14 17 0.584
Insulin use (%) 100 100  – 18 24 0.382
Oral hypoglycaemic drugs use (%) 0 0  – 81 74 0.368
Pulse pressure (mmHg) 41    �    11 46    �    10 0.705 55    �    15 65    �    18 0.008
Mean arterial pressure (mmHg) 86    �    12 91    �    21 0.918 107    �    12 110    �    15 0.420
HbA 1c  (%) 11.3    �    2.0 10.0    �    2.2 0.142 10.2    �    2.2 9.4    �    2.4 0.124
Serum creatinine ( μ mol/l) 75    �    40 113    �    125 0.286 97    �    31 118    �    110 0.212
Estimated GFR (ml/min/1.73 m 2 ) 116    �    48 87    �    35 0.033 82    �    24 78    �    27 0.707
Abnormal albuminuria (%) 42 36 0.641 38 32 0.443

    HbA 1c , haemoglobin A 1c ; GFR, glomerular fi ltration rate.   

  Table II. Echocardiographic fi ndings in type 1 and type 2 diabetic patients divided into groups with normal and increased left atrium 
volume index (LAVI).  

Type 1 Type 2

Variable
Normal LAVI 

( n   �    43)
Increased LAVI 

( n   �    15)  p -value
Normal LAVI 

( n   �    68)
Increased LAVI 

( n   �    54)  p -value

Left atrial diameter (cm) 2.9    �    0.4 3.2    �    0.6 0.464 3.2    �    0.34 3.5    �    0.5  �    0.001
Indexed LA (cm/m 2 ) 2.1    �    0.3 2.3    �    0.5  �    0.001 1.8    �    0.2 2.0    �    0.3  �    0.001
Left atrial volume (ml) 31    �    9 55    �    22  �    0.001 40    �    7 67    �    19  �    0.001
LAVI (ml/m 2 ) 22    �    5 38    �    10  �    0.001 23    �    4 38    �    10  �    0.001
Intraventricular septum (cm) 0.88    �    0.15 0.91    �    0.23 0.264 1.23    �    0.28 1.31    �    0.35 0.509
Posterior wall (cm) 0.76    �    0.14 0.85    �    0.19 0.844 1.00    �    0.23 1.10    �    0.28 0.135
LV end diastolic diameter (cm) 3.92    �    0.51 4.27    �    0.89 0.514 4.12    �    0.49 4.33    �    0.64 0.017
LV ejection fraction (%) 66    �    5 61    �    10 0.114 65    �    8 63    �    8 0.313
LV mass index (g/m 2.7 ) 31.0    �    7.7 39.1    �    12.4 0.031 44    �    12 55    �    19 0.001
LV hypertrophy (%) 5 27 0.050 30 57 0.008
E (m/s) 94    �    14 95    �    14 0.100 67    �    16 75    �    20 0.006
A (m/s) 65    �    14 68    �    20 0.893 78    �    14 82    �    18 0.322
E/A ratio 1.50    �    0.33 1.55    �    0.58 0.045 0.87    �    0.23 0.96    �    0.45 0.044
Deceleration time (ms) 160    �    40 158    �    21 0.453 205    �    53 204    �    63 0.738
Isovolumic relaxation time (ms) 62    �    13 63    �    21 0.373 82    �    18 80    �    22 0.278
E ’  (m/s) 10.3    �    2.2 10.4    �    2.5 0.360 6.7    �    2.3 6.1    �    2.4 0.596
E/E ’ 9.4    �    2.4 9.5    �    2.1 0.895 10.5    �    2.9 13.6    �    5.6 0.002
E/E ’   �    15 (%) 2 7 0.657 9 35 0.002
Mitral regurgitation (%) 14 40 0.148 21 43 0.015

    LV, left ventricular; LA, left atrium; E, peak early transmitral jet; A, peak transmitral jet velocity during atrial contraction; E ’ , peak early 
mitral annular velocity.   
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2 diabetic patients, but rare in asymptomatic type 1 
diabetic patients (present in 20.5% and 3.5%, respec-
tively), adds to a publication from the Heart of 
Soweto study in South Africa which found that iso-
lated diastolic dysfunction was the sole echocardio-
graphic abnormality in 23% of Africans admitted 
with symptomatic heart failure (12). The six-fold 
higher prevalence of LV diastolic dysfunction among 
type 2 diabetic patients refl ects the higher prevalence 
of factors predisposing to diastolic dysfunction in 
this group, like older age and more hypertension, 
obesity and LV hypertrophy. The lower prevalence of 
diastolic dysfunction in our study compared with 
reports from Europe (9 – 11) and North America (8) 
probably refl ects differences in defi nitions of diastolic 

dysfunction used. In fact our defi nition of diastolic 
dysfunction of E/E ’  ratio  �    15 identifi es patients who 
have at least moderate diastolic dysfunction with 
increased LA pressure (21). 

 The well-known confounders of enlarged LAVI 
identifi ed in previous studies, like hypertension, LV 
hypertrophy and reduced LV ejection fraction were 
all identifi ed also in the present study population, 
although the effect of blood pressure diminished 
when LV mass was added to multivariate analyses, 
as also reported by others (23). As demonstrated by 
the results, LAVI was particularly associated with LV 
diastolic dysfunction in type 2 diabetic patients, 
but increased progressively with increasing E/E ’  ratio 
in both type 1 and type 2 diabetic patients in 

  Table III. Correlates of larger left atrium volume index (LAVI) in the total population and in groups of patients with type 1 and type 2 
diabetes.  

Total population ( n   �    180) Type 1 ( n   �    58) Type 2 ( n   �    122)

Variable
Pearson ’ s 

correlation  p -value
Pearson ’ s 

correlation  p -value
Pearson ’ s 

correlation  p -value

Age (years) 0.25 0.001 0.41 0.001 0.13 0.153
Duration of diabetes (years) 0.24 0.001 0.53  �    0.001 0.12 0.176
Height (cm) 0.09 0.238 0.03 0.812 0.03 0.758
Weight (kg) 0.16 0.028 0.12 0.158 0.02 0.837
Body mass index (kg/m 2 ) 0.16 0.031 0.23 0.082 0.02 0.821
Waist circumference (cm) 0.17 0.023 0.22 0.091 0.01 0.934
Systolic BP (mmHg) 0.41  �    0.001 0.31 0.017 0.41  �    0.001
Diastolic BP (mmHg) 0.26 0.001 0.24 0.067 0.19 0.041
Pulse pressure (mmHg) 0.40  �    0.001 0.24 0.067 0.41  �    0.001
Mean BP (mmHg) 0.35  �    0.001 0.28 0.031 0.33  �    0.001
HbA 1c  (%)   	  0.26  �    0.001  	  0.30 0.021  	  0.21 0.019
Serum creatinine ( μ mol/l) 0.46  �    0.001 0.55  �    0.001 0.40  �    0.001
Estimated GFR (ml/min/1.73 m 2 )   	  0.26 0.001  	  0.28 0.034  	  0.18 0.047
Intraventricular septum (cm) 0.18 0.017 0.04 0.792 0.13 0.164
Posterior wall thickness (cm) 0.24 0.001 0.19 0.148 0.19 0.033
LV ejection fraction (%)   	  0.28  �    0.001  	  0.59  �    0.001  	  0.15 0.110
LV mass index (g/m 2.7 ) 0.48  �    0.001 0.57  �    0.001 0.44  �    0.001
E/E ’ 0.47  �    0.001 0.30 0.022 0.49  �    0.001

    BP, blood pressure; HbA 1c , haemoglobin A 1c ; GFR, glomerular fi ltration rate; LV, left ventricular; E/E ’ , peak early transmitral jet velocity 
to mitral annulus velocity ratio.   

  Figure 2.     Relationship between left atrium volume index (LAVI) and peak early transmitral jet velocity to mitral annulus velocity ratio 
(E/E ’ ) in type 1 and type 2 diabetic patients.  
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concordance with previous fi ndings in the North 
American population of Olmstead County (3,4). 
Although higher systolic blood pressure was associ-
ated with enlarged LAVI among both type 1 and type 
2 diabetic patients in univariate analysis, higher sys-
tolic blood pressure did not independently predict 
LAVI in multivariate analysis. Furthermore, in ROC 
curve analysis, LAVI was associated with presence of 
LV diastolic dysfunction independent of presence of 
LV hypertrophy. 

 Among type 1 diabetic patients, LAVI did not 
independently predict LV diastolic dysfunction. The 
lack of independent association between LAVI and 

diastolic dysfunction in the type 1 group could be 
explained by the fact that only 3.5% of patients in 
this group had diastolic dysfunction according to 
our defi nition. Instead, among the type 1 diabetic 
patients, duration of diabetes and lower systolic func-
tion were more predictive of larger LAVI than dia-
stolic dysfunction. These fi ndings are in line with the 
well known progression from diastolic dysfunction to 
diabetic cardiomyopathy associated with type 1 dia-
betes (24). The fi nding that duration of diabetes pre-
dicted enlarged LAVI in type 1 diabetes adds to a 
previous report demonstrating that longer duration 
of type 1 diabetes was associated with LV diastolic 
dysfunction (25). 

 Of note, obesity was not an independent predic-
tor of larger LAVI in our study, contrary to fi ndings 
from previous studies in hypertensive populations in 
Caucasians and African Americans (2,23). However, 
body mass index and waist circumference both cor-
related positively with LAVI in univariate analysis in 
the total population. 

 Confl icting results have been reported on the 
impact of poor diabetes control and presence of LV 
diastolic dysfunction (25 – 28). In the present study, 
larger LAVI correlated negatively with HbA 1c , indi-
cating that as LAVI increased patients had better 
glycaemic control. However, overall diabetes control 
was poor in our study, and did not independently 
infl uence presence of LV diastolic dysfunction or 
LAVI in the multivariate analyses.  

 Study limitations 

 There is limited knowledge on LV function in native 
sub-Saharan African diabetic population. Although 
this study did not include a healthy control group or 
deformation analysis, it adds to current knowledge 
of prevalence and covariates of LAVI as a refl ector 
of presence of LV diastolic dysfunction in asymptom-
atic sub-Saharan African diabetic patients. The cross-
sectional design precludes any claim of causal 
relationship. There were also a limited number of 
diabetic patient in this study by design. However, this 

  Figure 3.     Enlarged left atrium volume index (LAVI) was associated 
with left ventricular (LV) diastolic dysfunction independent of 
presence of LV hypertrophy. Receiver operating characteristic 
(ROC) curve showing predicted probability of the multivariate 
logistic regression model with and without LV hypertrophy in the 
model.  

  Table IV. Independent predictors of left atrium volume index (LAVI) in type 1 and type 2 
diabetic patient groups identifi ed in multivariate linear regression analyses.  

Type 2 diabetes group 
( R  2   �    0.34,  p   �    0.001)

Type 1 diabetes group
( R  2   �    0.58,  p   �    0.001)

Variable  β  p -value  β  p -value

LV diastolic dysfunction 0.20 0.035 0.15 0.223
LV mass index (g/m 2.7 ) 0.23 0.026 0.30 0.030
LV ejection fraction (%) 0.01 0.945   	  0.37 0.001
Mitral regurgitation 0.25 0.002 0.07 0.536
Systolic blood pressure (mmHg) 0.16 0.108 0.12 0.386
Obesity 0.03 0.741 0.07 0.564
Age (years) 0.07 0.420 0.20 0.146
HbA 1c  (%)   	  0.09 0.272   	  0.12 0.249

    LV, left ventricular; HbA 1c , haemoglobin A 1c .   
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study gives new information on LV diastolic dysfunc-
tion in asymptomatic diabetic patients seen in an 
outpatient clinic at a tertiary hospital in Tanzania. 

 From studies in Western societies, it is well known 
that subclinical coronary artery disease is more com-
mon in diabetic patients and associated with systolic 
dysfunction and heart failure. The present study did 
not include any systematic testing of presence of 
coronary artery disease, but none of the patients had 
known clinical cardiovascular disease or symptoms.    

 Conclusion 

 In the present echocardiographic study of asymp-
tomatic diabetic patients receiving outpatient care at 
the Muhimbili National Hospital in Dar-es-Salaam 
in Tanzania, enlarged LAVI was more common 
among type 2 than among type 1 diabetic patients. 
Larger LAVI particularly refl ected presence of LV 
diastolic dysfunction in type 2 diabetic patients, 
while in type 1 diabetic patients larger LAVI was 
associated with lower LV systolic function and 
diabetes cardiomyopathy. Further studies are needed 
to determine whether LAVI may be used as a simple 
predictor of risk for incident symptomatic heart 
failure in such patients.                  
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