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Abstract
Background Heart rate-corrected QT (QTc) interval is associated with increased risk for cardiovascular events and mortality
among individuals with diabetes mellitus (DM). Little is known about the epidemiology of prolonged QTc among people with
DM in resource-limited settings.
Methods We conducted a cross-sectional study among adults with diabetes in ambulatory care at the Mbarara Regional Referral
Hospital, from November 2018 to April 2019. Twelve-lead ECG recordings were performed on all participants. We collected
clinical and laboratory data related to diabetes disease status and treatment control. We estimated QTc using Bazett’s formula and
categorized it according to standardized sex-adjusted thresholds. Linear regression analysis was performed to identify correlates
of QTc.
Results We recruited 299 participants with a mean age of 50.1 years (SD±9.8) and mean HbA1c of 9.7 % (SD±2.6), and 69.6%
were female. We detected prolonged and borderline QTc in 6.4% (19/299, 95% CI: 3.9–9.7%) and 23.4% (70/299, 95% CI:
18.7–28.6%) of participants, respectively. In multivariate models, factors associated with increasing QTc interval were mean
arterial pressure (β=0.34; 95% CI: 0.07–0.63, p=0.019) and female sex (β=15.26; 95% CI: 7.58–22.94, p<0.001).
Conclusions The prevalence of abnormal QTc among individuals in routine diabetes care in southwestern Uganda was high.
Female sex and mean arterial pressure were correlated with QTc interval. Given these findings, future studies should explore the
clinical impact of abnormal QTc in this patient population.
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Introduction

Morbidity and mortality of diabetes are rising rapidly in low-
income countries [1]. In Africa particularly, approximately five
percent of deaths are now attributable to diabetes among adults
aged 20–60 years [1]. Cardiovascular disease (CVD) in diabetic

individuals is often unrecognized, yet it is by far the leading
cause of morbidity and mortality in these individuals [2].

A major risk factor for CVD events and mortality in people
with diabetes are abnormalities of the cardiac rhythm, including
abnormal QT interval. In diabetic individuals, prolonged heart
rate-correctedQT (QTc) interval is associatedwith increased risk
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of stroke, ischemic heart disease, and all-cause mortality and
cardiovascular mortality, including sudden death [3, 4]. Thus,
QTc interval on the ECG can potentially be utilized to identify
diabetic individuals at high risk for cardiovascular events [5–7].

Whereas the prevalence of long QTc interval among indi-
viduals with diabetes varies widely, with higher estimates re-
ported in type 2 diabetes (15 to 67%) [8–10] compared to type
1 diabetes (8%) [11], there are scanty data on its prevalence
and correlates in sub-Saharan Africa, where an estimated 25
million people with diabetes reside [1]. We sought to deter-
mine the prevalence of QTc interval abnormalities and asso-
ciated factors among patients with diabetes attending ambula-
tory care at the Mbarara Regional Referral Hospital (MRRH)
in southwestern Uganda, to fill this knowledge gap.

Methods

Study population and setting

Methods for the parent cohort study have already been pub-
lished previously[12]. Briefly, we conducted a cross-sectional
study among patients with diabetes attending the outpatient
diabetes and endocrinology clinic of the Mbarara Regional
Referral Hospital (MRRH) from November 2018 to April
2019. We included diabetic patients aged 18 to 65 years using
consecutive sampling of eligible participants. We defined di-
abetes in participants with fasting capillary glucose of ≥7.0
mmol/L or those who were already on treatment for diabetes
mellitus. We excluded individuals with acute febrile illnesses
in the previous 48 h, those with electrolyte abnormalities, and
those with other endocrine disorders (e.g., thyroid hormone
disorders). We also excluded those who were actively taking
drugs known to affect the cardiac rhythm or QTc interval
including antiarrhythmic drugs (class I and class III), antihy-
pertensive medications, antidepressants, or digitalis in the pri-
or 24 h. Lastly, we excluded individuals with self-reported or
documented history of cardiac (heart failure, ischemic heart
disease), renal, or hepatic disease.

Study definitions and procedures

We collected socio-demographic and clinical characteristics,
including data on alcohol use, smoking, level of physical ac-
tivity, and diabetes treatment history of the study participants
through a structured questionnaire. We measured weight and
height to the nearest 0.1kg and 0.1 cm, respectively, with
participants putting on light clothes and removing shoes. We
calculated body mass index (BMI) as body weight in kilo-
grams divided by the square of the body height in meters.
We measured waist circumference at the level of umbilicus
with inelastic tapeline (to the nearest 0.1 cm), at the end of
normal expiration.

Blood was collected for glycosylated hemoglobin (HbA1c,
Cobas Integra 400, Roche diagnostics, Basel, Switzerland).
Fasting blood sugar measurements were obtained using a
Freestyle Glucometer (Abbott Diabetes Care Inc.,
Maidenhead, UK) after at least 8 h of fasting. Blood pressure
was recorded in a sitting position using an automatic sphyg-
momanometer in the upper arm (OmronHEM705 LP, Omron
Healthcare, Inc., Bannockburn, IL, USA). We calculated the
pulse pressure as the difference between systolic and diastolic
blood pressures in mmHg and computed the mean arterial
pressure as the sum of diastolic blood pressure and one-third
of pulse pressure. After pupillary dilation by an ophthalmolo-
gist, the presence of diabetic retinopathy was diagnosed with
direct ophthalmoscopy and categorized as non-proliferative or
proliferative diabetic retinopathy.

Measurement and classification of QTc interval

We performed 12 lead ECG recordings on all study participants
using a portable ECGmachine (Edan Instruments, Inc., Hessen,
Germany). Participants were instructed to rest for 5 min in su-
pine position before all the ECG recordings. We measured the
QT interval from the beginning of the earliest onset of the QRS
complex to the end of the Twavewhere it crosses the isoelectric
line. In case aUwavewas present, wemeasured theQT interval
up to the bottom of the angle between the T and U waves. We
considered QT as the mean of QT from five consecutive cycles
in lead V5. We calculated the QTc interval according to
Bazett’s formula (QTc=QT/RR1/2) for heart rates between 60
and 100 beats/minute and Fredericia’s formula (QTc=QT/
RR1/3) for heart rates less than 60 or greater than 100 beats/
minute because Bazett’s formula tends to over-correct at high
heart rates and under-correct at low heart rates [13]. We further
classified the QTc interval as normal (<430ms in males,
<450ms in females), borderline (430–450ms in males, 450–
470ms in females), or prolonged (>450ms in males, >470ms
in females) to further adjust for sex, according to a criteria
previously described [13]. Finally, we estimatedQTc dispersion
(QTd) as the difference between the maximum and minimum
QTc intervals in V5. QTd of >80ms was considered an abnor-
mally prolonged [9]. To ensure quality control, two independent
observers (D.C.A and G.K), who were blinded to participants’
data, measured the QT and RR intervals and an average mea-
sure taken. We estimated Pearson’s correlation coefficient to
estimate inter-reader agreement between the two observers.

Sample size and statistical analyses

For the parent study, we calculated a sample size of 296 par-
ticipants to enable a 5% precision with a 95% confidence
interval around an estimate of our primary outcome, cardio-
vascular autonomic neuropathy (CAN), with prevalence of
20%, after consideration of a 10% non-response rate [12].
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Statistical analyses were performed using Stata version 13
(StataCorp, College Station, TX, USA).

For this analysis, our outcome of interest was QTc interval.
We first categorized the QTc interval into three categories
(normal, borderline, and prolonged), according to the follow-
ing cut-offs: normal (<430ms in males, <450ms in females),
borderline (430–450ms in males, 450–470ms in females), and
prolonged (>450ms in males, >470ms in females), as per rec-
ognized criteria [13]. We determined the prevalence of QTc
interval abnormalities as a proportion of participants meeting
the definitions of the respective categories. We considered
participants to have abnormally long QTc interval if they fell
into the category of borderline or prolonged QTc interval. We
then described the socio-demographic and clinical character-
istics of study participants by the subgrouping of QTc interval
and compared differences in socio-demographic and clinical
characteristics of those with QTc interval>440ms and those
with QTc interval≤440ms, using chi-square test for categori-
cal variables, Student t-tests for continuous normally distrib-
uted variables (expressed as means with standard deviations),
andWilcoxon rank-sum test for non-normally distributed con-
tinuous variables (expressed as medians with inter-quartile

ranges). We performed univariable and multivariable linear
regression analyses to determine the factors associated with
QTc interval, reporting beta regression coefficients with their
95% confidence intervals as our measures of association.
Variables that were considered to have an association
(p<0.1) in univariable analyses were entered in the multivar-
iable models through stepwise backward method. The entry
and removal probabilities for stepwise were 0.05 and 0.1,
respectively. Variables in the multivariable model with p-
values <0.05 were considered statistically significant.

Results

We analyzed the data of 299 participants from a total of 512
individuals screened for inclusion into the study. Of the 512
screened individuals, 213 met the exclusion criteria including
five with thyroid disorders, 94 who had taken cardiotropic
medications (calcium channel blockers, beta blockers) in the
prior 24-h period, and 17 with other underlying medical con-
ditions (cardiac, renal, or hepatic disease).

Table 1 Demographic and clinical characteristics of study participants by QTc interval category

QTc interval >440ms QTc interval ≤440ms

Characteristic n = 104 n = 195 p value
Age in years, mean (±SD) 51.3 (±9.4) 49.5 (±10.0) 0.136
Female sex, n (%) 87 (83.7) 121 (62.1) <0.001
Height in meters, mean (±SD) 1.62 (0.07) 1.62 (0.09) 0.798
Weight in kg, mean (±SD)
BMI in kg/m2, mean (±SD) 27.9 (±6.1) 27.2 (±5.1) 0.300
Waist circumference in cm, mean (±SD) 99.0 (±14.0) 97.8 (±13.4) 0.460
Ever smoked, n (%) 26 (25.0) 43 (22.1) 0.564
Duration of diabetes in year, median (IQR) 4 (2.9) 4 (1.8) 0.237
Vigorous physical activity (≥600 METS/week) (%) 66 (63.5) 107 (54.9) 0.152
Fasting blood sugar in mmol/L, mean (±SD) 11.3 (±5.1) 11.1 (±4.7) 0.669
HbA1c (%), mean (±SD) 9.6 (±2.6) 9.8 (±2.6) 0.505
History of hypertension, n (%) 82 (78.9) 125 (64.1) 0.009
Resting systolic blood pressure in mmHg, mean (±SD) 146 (±23) 140 (±22) 0.030
Resting diastolic blood pressure in mmHg, mean (±SD) 89 (±10) 86 (±11) 0.023
Mean arterial pressure in mmHg, mean (±SD) 108 (±13) 104(±13) 0.014
Pulse pressure in mmHg, mean (±SD) 57 (±18) 54 (±18) 0.165
Presence of diabetic retinopathy, n (%) 0.790
None 81 (77.9) 150 (76.9)
Non-proliferative 19 (18.3) 34 (17.4)
Proliferative 4 (3.9) 11 (5.6)
Symptoms of neuropathy in past 6 months n (%)
Palpitations 58 (55.8) 91 (46.7) 0.134
Fainting 41 (39.4) 73 (37.4) 0.736
Numbness in feet 67 (64.4) 116 (59.5) 0.404
Use of antihypertensive drugs n (%) 0.246
None 3 (5.5) 14 (17.5)
Diuretic 6 (10.9) 7 (8.8)
Beta blocker 3 (5.5) 6 (7.5)
Calcium channel blocker 44 (32.6) 21 (26.3)
ACEI/ARB 17 (30.9) 25 (31.3)

SD standard deviation, IQR inter-quartile range, METS metabolic equivalents, ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin
receptor blockers
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Socio-demographic and clinical characteristics

Participants’ characteristics are summarized in Table 1. Of the
299 participants analyzed, 69.6% were female; mean age was
50.1 years (SD±9.8), mean HbA1c was 9.7% (SD±6.7), and
mean duration of diabetes was 5.8 (SD±5.9) years. We found
a higher crude prevalence of QTc prolongation among wom-
en, those with higher resting systolic and diastolic blood pres-
sures and those with higher pulse pressure and higher mean
arterial pressure. Other characteristics were similar between
the two groups.

Prevalence of QTc interval abnormalities

Pearson’s correlation coefficient for the agreement between
the two observers for the QTc intervals was 0.92. We detected
abnormally long QTc interval in 89/299 participants (29.8%,
95% CI: 24.6–35.3%), with a prevalence of prolonged QTc of
6.4% (19/299, 95% CI: 3.9–9.7%) and a prevalence of bor-
derline QTc of 23.4% (70/299, 95% CI: 18.7–28.6%). There
was no significant difference in the distribution of different
categories of QTc interval in males and females, as seen in
Fig. 1. No participants had abnormally prolonged QTc disper-
sion (QTd).

Factors associated with QTc interval

Results of univariable and multivariable linear regression
models for factors associated with QTc interval are presented
in Table 2. In unadjusted analyses, female sex (p<0.001), rest-
ing systolic blood pressure (p=0.020), resting diastolic blood

pressure (p=0.010), history of hypertension (p=0.007), mean
arterial pressure (p<0.001), and history of taking calcium
channel blockers (p=0.006) were significantly associated with
increasing QTc interval.

In the final multivariate model (Table 2), after controlling
for the duration of diabetes, age, and antihypertensive medi-
cations, significant factors associated with QTc interval were
mean arterial pressure (β=0.34; 95% CI: 0.07–0.63, p=0.019)
and female sex (β=15.26; 95% CI: 7.58–22.94, p<0.001). The
predicted QTc interval for females was higher across all age
groups (Fig. 2).

Discussion

We found a high prevalence of abnormally long QTc interval
among individuals with diabetes in ambulatory care in south-
western Uganda and identified female sex and mean arterial
pressure as key correlates of increased QTc interval. The prev-
alence of abnormally long QTc interval of 30% (95% CI:
24.6–35.3%) reported in our study is consistent with studies
in Italy and China that have reported prevalence estimates
ranging from 24 to 35% among diabetic individuals [9, 10].
In contrast, our study demonstrates much higher prevalence of
abnormally long QTc than others from Nigeria and Iraq,
which reported much lower estimates of 12% and 9%, respec-
tively, among diabetic individuals [14, 15]. Our study also
revealed a significantly higher prevalence (p<0.001) than the
11.7% prevalence recently reported in the general population
in southwestern Uganda [16].
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These results reinforce previous findings that suggest that
individuals with diabetes have increased QTc intervals com-
pared to non-diabetic individuals [9]. This phenomenon is
hypothesized to be due to persistent hyperglycemia, which
increases intracellular levels of calcium, causes production
of free radicals, alters cardiac sympathovagal tone balance,
and contributes to diminished nitric oxide production [17].
Low levels of nitric oxide in turn may cause impaired func-
tioning of primary active transport mechanisms within
cardiomyocytes, resulting in prolongation of myocardial repo-
larization [18]. Furthermore, hyperglycemia-mediated free re-
active species have been shown to impair functioning of the P-
glycoprotein, a protein that is responsible for intracellular

extrusion of multiple pro-arrhythmic agents [19] and IKr chan-
nels, the main channels that contribute to potassium efflux
during repolarization [20]. This combination of factors is be-
lieved to alter cardiomyocyte repolarization, ultimately affect-
ing the QTc interval [20].

Our results demonstrated a correlation between mean arte-
rial pressure and QTc interval, in agreement with previous
studies [21–24]. Of note, the association between blood pres-
sure and QTc interval has also previously been demonstrated
in hypertensive mice [25]. Although the mechanisms by
which arterial blood pressure influences QTc interval are not
well understood, it is postulated to be due to chronic alter-
ations in the ultrastructure of cardiomyocytes, as a result of
chronically increased afterload [26]. Additionally, the pre-
dominance of sympathetic nervous system activation, often
seen in hypertensive patients, may result into increased QTc
interval [27]. The influence of arterial blood pressure on QTc
interval demonstrated in our study has clinical implications, as
it further confirms the need to better control blood pressure in
diabetic patients, so as to reduce the risk of adverse cardiovas-
cular events. Future longitudinal studies will be required to
ascertain whether control of blood pressure could potentially
result into improvement in QTc interval and cardiovascular
events in the study population.

Finally, we corroborated a well-established correlation be-
tween QTc interval and sex, with females having a higher QTc
interval compared to males, in agreement with previous find-
ings [15, 28]. After puberty, females tend to have a longer
baseline QTc interval due to sex-hormone-related differences
in modulation of ionic currents within the myocardium [29].

Table 2 Univariate and multivariate linear regression analyses for factors associated with QTc interval

Unadjusted linear regression analysis Adjusted linear regression analysis

Variable β coefficient (95% CI) p value β coefficient (95% CI) p value

Age in years 0.25 (−0.001 to 0.51) 0.050 0.09 (−0.17 to 0.35) 0.491
Female sex 15.52 (10.29–20.61) <0.001 15.26 (7.58–22.94) <0.001
BMI in kg/m2 0.31 (−0.14 to 0.76) 0.182
Waist circumference in cm 0.09 (−0.09 to 027) 0.334
Duration of diabetes in years 0.38 (−0.04 to 0.80) 0.074 0.18 (−0.75 to 0.39) 0.532
Fasting blood sugar in mmol/L −0.06 (−0.57 to 0.46) 0.832
HbA1c (%) −0.07 (−1.04 to 0.89) 0.887
History of hypertension 7.39 (2.02–12.76) 0.007
Resting systolic blood pressure in mmHg 0.18 (0.07–0.29) 0.002
Resting diastolic blood pressure in mmHg 0.41 (0.18–0.64) 0.001
Mean arterial pressure in mmHg 0.34 (0.16–0.53) <0.001 0.34 (0.07–0.63) 0.019
Pulse pressure in mmHg 0.14 (−0.01 to 0.28) 0.057
Antihypertensive drugs
None Ref Ref
Diuretic 11.72 (−4.25 to 27.69) 0.149 10.07 (−4.97 to 25.11) 0.187
ACEI/ARB 11.77 (−0.69 to 24.23) 0.064 10.70 (−1.19 to 22.58) 0.077
Beta blocker 8.63 (−9.23 to 26.50) 0.341 4.55 (−13.09 to 22.19) 0.611
Calcium channel blocker 17.34 (4.97–29.72) 0.006 14.65 (−0.67 to 26.57) 0.054

CI confidence interval, BMI body mass index, HbA1c glycosylated hemoglobin, ARB angiotensin receptor blocker, ACEI angiotensin-converting
enzyme inhibitor, Ref reference category

Fig. 2 Linear prediction of QTc interval by age and sex with 95%
confidence intervals
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In individuals with diabetes, these sex-related differences in
QTc interval duration may be amplified. This finding is in
keeping with a possible increased risk for QTc-related cardio-
vascular events observed in females [30].

Limitations

We cannot demonstrate a causal relationship between mea-
sured correlates and QTc interval duration because of the
cross-sectional nature of our study design. Our findings are
also prone to residual and unmeasured confounding from fac-
tors that are known to affect QTc interval, such as serum
electrolytes, levels of thyroid hormones, or unreported medi-
cations including different antidiabetic medications that may
prolong QTc interval. Finally, we conducted a single-center,
cross-sectional study without longitudinal outcome data, so
we are unable to describe the clinical consequence of tradi-
tionally defined QTc prolongation in our study population.

Conclusion

The prevalence of abnormally long QTc interval was high
among ambulatory individuals with diabetes in rural
Southwestern Uganda, detected in about one-third of the study
participants. Female sex and mean arterial pressure were cor-
related with longer QTc intervals. Our findings give support to
consider QTc screening before initiation of QT prolonging
agents among diabetics in the region and should lead to addi-
tional study of the clinical consequences of prolonged QTc
interval in this patient population.
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