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Abstract

Background: Heart rate-corrected QT (QTc) interval prolongation is associ-
ated with increased risk of cardiovascular events and mortality among individ-
uals with diabetes mellitus (DM). However, limited data exist on the epidemi-
ology of abnormally long QTc among people with DM in northern Uganda.
Objectives: We determined the prevalence and factors associated with abnor-
mally long QT¢ intervals among individuals attending the diabetic clinic at Lira
Regional Referral Hospital (LRRH) in northern Uganda. Methods: We con-
ducted a cross-sectional study among individuals attending the diabetic clinic
at LRRH from July to December 2025. Twelve-lead electrocardiogram record-
ings were performed on all participants. We collected clinical and laboratory
data related to diabetes disease status and treatment. QTc was calculated using
Bazett’s formula for heart rates 60 - 100 beats/minute and Fredericia’s formula
for extremes, then categorized using standardized sex-adjusted thresholds.
Borderline and prolonged categories were combined as “abnormally long QT¢”
for analysis. Modified Poisson regression with robust variance was used to
identify factors associated with abnormally long QTc intervals. Results: We
recruited 338 participants with a mean age of 52.4 years (SD + 10.2) and a mean
HbAlc of 9.2% (SD = 2.8); 63.0% were female. The prevalence of abnormally
long QTc interval was 22.5% (76/338, 95% CI: 18.3% - 27.3%). In multivariate
analysis, factors independently associated with a higher prevalence of abnor-
mally long QTc¢ included elevated mean arterial pressure (aPR = 1.16, 95% CI:
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1.05 - 1.28, p = 0.002) and use of furosemide-containing antihypertensive reg-
imens (aPR = 1.32, 95% CI: 1.11 - 1.57, p = 0.002). Protective factors included
adequate physical activity (=150 minutes/week) (aPR = 0.85, 95% CI: 0.77 -
0.94, p = 0.002) and use of oral hypoglycemic agents alone (aPR = 0.62, 95%
CI: 0.55-0.70, p < 0.001) or combined with injectable agents (aPR = 0.57, 95%
CI: 0.50 - 0.66, p < 0.001) compared to injectable-only regimens. Conclusions:
Approximately one in five individuals with diabetes in routine care at LRRH
has an abnormally long QTc¢ interval, representing a substantial burden of po-
tential arrhythmic risk. Elevated mean arterial pressure, furosemide use, insu-
lin-only therapy, and physical inactivity were independently associated with
abnormally long QTc. These findings support routine ECG screening in dia-
betic clinics and careful consideration of antihypertensive and hypoglycemic
agent selection in this population.
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1. Introduction

The morbidity and mortality burden of diabetes mellitus is escalating rapidly in
low-income countries, with approximately five percent of deaths among adults
aged 20 - 60 years in Africa now attributable to diabetes [1]. Cardiovascular dis-
ease (CVD) remains the leading cause of morbidity and mortality in individuals
with diabetes, yet it often goes unrecognized until advanced stages [2].

A major risk factor for CVD events and mortality in people with diabetes is
abnormalities of cardiac rhythm, particularly prolongation of the heart rate-cor-
rected QT (QTc) interval. Prolonged QTc interval in diabetic individuals is asso-
ciated with increased risk of stroke, ischemic heart disease, and sudden cardiac
death [3] [4]. A recent systematic review confirmed that QTc prolongation is a
consistent predictor of cardiovascular mortality in diabetic populations [5]. Con-
sequently, QTc interval measurement on electrocardiography (ECG) represents a
potentially valuable tool for identifying diabetic patients at high risk for cardio-
vascular events [6]-[8].

The prevalence of abnormally long QTc interval among individuals with diabe-
tes varies widely across studies, with higher estimates reported in type 2 diabetes
(15% - 67%) compared to type 1 diabetes (8%) [9]-[11]. However, there is a pau-
city of data on its prevalence and correlates in sub-Saharan Africa, home to an
estimated 25 million people with diabetes [1]. A previous study from southwest-

ern Uganda reported a prevalence of abnormally long QTc of 29.8% among dia-
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betic patients in ambulatory care [12], but no data exist from northern Uganda,
where healthcare access and socioeconomic challenges may differ substantially.
Understanding the burden and determinants of abnormally long QTc intervals
in this setting is critical for developing targeted screening and prevention strate-
gies. We therefore sought to determine the prevalence of QTc interval abnormal-
ities and associated factors among patients with diabetes attending the diabetic

clinic at Lira Regional Referral Hospital (LRRH) in northern Uganda.

2. Methods
2.1. Study Design and Setting

We conducted a cross-sectional study among patients with diabetes attending the
outpatient diabetic clinic at Lira Regional Referral Hospital from July to December
2025. LRRH is located in Adyel Division, Lira City, approximately one kilometer
from Lira town center, serving a population of about two million people primarily
from the Lango sub-region. The diabetic clinic manages an average of 150 patients

per month, providing essential diabetes care and education.

2.2. Study Population and Eligibility Criteria

We included diabetic patients aged 18 to 65 years attending the clinic during the
study period. Diabetes was defined as fasting capillary glucose > 7.0 mmol/L or
current treatment for diabetes mellitus. We excluded individuals with acute febrile
illnesses in the preceding 48 hours, those with reported or documented electrolyte
abnormalities within the preceding month (including potassium < 3.5 mmol/L
or >5.5 mmol/L, magnesium < 0.7 mmol/L or >1.1 mmol/L, or calcium < 2.1
mmol/L or >2.8 mmol/L), those with other endocrine disorders (e.g., thyroid hor-
mone disorders), and those actively taking medications known to affect cardiac
rhythm or QTc¢ interval (antiarrhythmic drugs classes I and III, antidepressants,
or digitalis) in the prior 24 hours. We also excluded individuals with self-reported
or documented history of cardiac disease (heart failure, ischemic heart disease),

renal disease, or hepatic disease.

2.3. Sample Size and Sampling

Sample size was calculated using the Kish-Leslie formula for cross-sectional stud-
ies [13]. Using a prevalence of abnormally long QTc of 29.8% from a previous
Ugandan study [12], a 5% margin of error, and a 95% confidence interval, we cal-
culated a minimum sample of 322 participants. After accounting for a 10% non-
response rate, we targeted 358 participants. Consecutive sampling was employed

until the sample size was attained.

2.4. Data Collection Procedures

We collected socio-demographic and clinical characteristics using a structured in-
terviewer-administered questionnaire, including data on alcohol use, smoking,

physical activity, and diabetes treatment history. Diabetes type was determined
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from the patients’ medical records.

2.4.1. Anthropometric Measurements

Weight was measured to the nearest 0.1 kg using a calibrated Seca weighing scale
(Seca 762, GmbH & Co. KG, Hamburg, Germany) with participants wearing light
clothing and no shoes. Height was measured to the nearest 0.1 cm using a stadiom-
eter with participants standing upright. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared and categorized according
to WHO standards: underweight (<18.5), normal (18.5 - 24.9), overweight (25.0 -
29.9), and obese (=30.0). Waist circumference was measured at the umbilical level

using inelastic tape to the nearest 0.1 cm at the end of normal expiration.

2.4.2. Blood Pressure Measurement

Blood pressure was recorded in a sitting position using an automatic sphygmo-
manometer (Omron HEM 705 LP, Omron Healthcare, Inc., Bannockburn, IL, USA).
Mean arterial pressure (MAP) was calculated as diastolic blood pressure plus one-

third of pulse pressure.

2.4.3. Laboratory Measurements

Blood was collected for glycosylated hemoglobin (HbAlc) measurement (Cobas
Integra 400, Roche Diagnostics, Basel, Switzerland). Random blood sugar meas-
urements were obtained using a Freestyle Glucometer (Abbott Diabetes Care Inc.,
Maidenhead, UK).

2.4.4. Physical Activity Assessment

Physical activity was assessed by asking participants about total weekly time en-
gaged in physical activities (including walking, running, swimming, and ball games).
Adequate physical activity was defined as 2150 minutes per week according to
WHO recommendations [14].

2.5. Measurement and Classification of QTc Interval

We performed 12-lead ECG recordings on all study participants using a portable
ECG machine (Edan Instruments, Inc., Hessen, Germany). Participants rested in
a supine position for 5 minutes before recordings. The QT interval was measured
from the beginning of the QRS complex to the end of the T wave, where it crosses
the isoelectric line. When a U wave was present, we measured the QT interval to
the bottom of the angle between the T and U waves. QT was taken as the mean of
QT from five consecutive cycles in lead V5.

We calculated the QTc interval using Bazett’s formula (QTc = QT/RR'?) for
heart rates between 60 and 100 beats/minute and Fredericia’s formula (QTc =
QT/RR!?) for heart rates < 60 or >100 beats/minute, as Bazett’s formula tends to
over-correct at high heart rates and under-correct at low heart rates [15]. We clas-
sified the QTc interval as normal (<430 ms in males, <450 ms in females), border-
line (430 - 450 ms in males, 450 - 470 ms in females), or prolonged (>450 ms in
males, >470 ms in females) according to established criteria [15]. For analysis,
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borderline and prolonged categories were combined as “abnormally long QT¢” to

increase statistical power, consistent with previous studies [12] [16].

2.6. Statistical Analysis

Data were double-entered into Excel and exported to STATA version 17 (Stata
Corp, College Station, Texas, USA) for cleaning and analysis. Continuous varia-
bles were expressed as mean * standard deviation or median with interquartile
range, and categorical variables as frequencies and percentages.

The prevalence of abnormally long QTc¢ interval was calculated as the propor-
tion of participants meeting sex-specific criteria for borderline or prolonged QTc
(ie, QTc>430 ms in males or >450 ms in females), with 95% confidence intervals
using the exact binomial method.

For factors associated with abnormally long QT'c, we first compared character-
istics between participants with normal and abnormally long QTc¢ using chi-
square tests for categorical variables and t-tests or Wilcoxon rank-sum tests for
continuous variables. Modified Poisson regression with robust variance was used
to estimate prevalence ratios (PR) and 95% confidence intervals [17]. Variables
with p < 0.2 in bivariate analysis were entered into multivariable models using
stepwise backward elimination with entry and removal probabilities of 0.05 and
0.1, respectively. Given the clinical overlap between mean arterial pressure, hy-
pertension history, and antihypertensive regimen, we assessed collinearity using
variance inflation factors (VIF) and found no evidence of multicollinearity (VIF
< 2.0 for all variables). We retained MAP as a continuous measure of blood pres-
sure control and included hypertension history and antihypertensive regimen as
separate variables to capture both disease status and treatment effects. Age and
diabetes duration were forced into the model a priori based on clinical relevance.

Statistical significance was set at p < 0.05.

2.7. Ethical Considerations

Ethical approval was obtained from the Lira University Research Ethics Commit-
tee (approval number: LUREC-2025-404). Administrative permission was granted
by the hospital director of LRRH and the person in charge of the diabetic clinic.
This study adhered to the Declaration of Helsinki. All participants provided writ-
ten informed consent before enrollment. Participants who could not write pro-
vided consent with a thumbprint. Each participant received an incentive of 10,000
Ugandan shillings for transport reimbursement, and those requiring further eval-

uation were referred to appropriate care.

3. Results
3.1. Participant Characteristics

Of 480 individuals attending the diabetic clinic during the study period, 120 were
not recruited (94 did not meet inclusion criteria [age > 65 years, n = 48; age < 18

years, n = 12; acute febrile illness, n = 15; active medications affecting QTc, n =
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19], and 26 declined participation). Of the 360 recruited, 10 (2.8%) did not return
their questionnaires. Of the 350 questionnaires returned, 12 (3.4%) were excluded
due to incomplete or inappropriate completion, leaving 338 participants for anal-
ysis (response rate: 93.9%).

Baseline characteristics are summarized in Table 1. The mean age was 52.4
years (SD + 10.2), and 63.0% (213/338) were female. The majority had type 2 di-
abetes (315/338, 93.2%), with 6.8% (23/338) having type 1 diabetes. Mean HbAlc
was 9.2% (SD + 2.8), and mean duration of diabetes was 6.2 years (SD + 5.7). The
majority of participants (70.7%, 239/338) had a history of hypertension.

Table 1. Baseline characteristics of participants by QTc status.

Variable Category Total (N =338) Normal QTc (n =262) Abnormally Long QTc (n=76) p-Value
Below 60 years 156 (46.2%) 133 (85.3%) 23 (14.7%) 0.002*
Age
>60 years 182 (53.8%) 129 (70.9%) 53 (29.1%)
S Female 213 (63.0%) 169 (79.3%) 44 (20.7%) 0.293
ex
Male 125 (37.0%) 93 (74.4%) 32 (25.6%)
Normal 176 (52.1%) 148 (84.1%) 28 (15.9%) 0.008*
BMI Overweight 95 (28.1%) 69 (72.6%) 26 (27.4%)
Obese 67 (19.8%) 45 (67.2%) 22 (32.8%)
Normal 116 (34.3%) 99 (85.3%) 17 (14.7%) 0.013*
Systolic BP
High 222 (65.7%) 163 (73.4%) 59 (26.6%)
Normal 286 (84.6%) 221 (77.3%) 65 (22.7%) 0.803
Diastolic BP
High 52 (15.4%) 41 (78.8%) 11 (21.2%)
MAP Normal 185 (54.7%) 155 (83.8%) 30 (16.2%) 0.002*
High 153 (45.3%) 107 (69.9%) 46 (30.1%)
Low 8 (5.3%) 17 (94.4%) 1 (5.6%) 0.159
Heart Rate Normal 292 (86.4%) 222 (76.0%) 70 (24.0%)
High 28 (8.3%) 23 (82.1%) 5(17.9%)
Diabetes <8 years 163 (48.2%) 127 (77.9%) 36 (22.1%) 0.856
Duration >8 years 175 (51.8%) 135 (77.1%) 40 (22.9%)
RES Normal 188 (55.6%) 139 (73.9%) 49 (26.1%) 0.078
High 150 (44.4%) 123 (82.0%) 27 (18.0%)
History of No 99 (29.3%) 95 (96.0%) 4 (4.0%) <0.001*
Hypertension Yes 239 (70.7%) 167 (69.9%) 72 (30.1%)
Smoking No 314 (92.9%) 239 (76.1%) 75 (23.9%) 0.062
History Yes 24 (7.1%) 23 (95.8%) 1 (4.2%)
<150 min/week 62 (18.3%) 35 (56.5%) 27 (43.5%) <0.001*
PA >150
. 276 (81.7%) 227 (82.2%) 49 (17.8%)
min/week

Note: *BMI: body mass index; BP: blood pressure; MAP: mean arterial pressure; RBS: random blood sugar; PA: physical activity;
Data presented as n (%) unless otherwise specified; p < 0.05; *Abnormally long QTc includes borderline and prolonged categories
combined.
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3.2. Prevalence of Abnormally Long QTc Interval

Out of the 338 participants analyzed, 76 had abnormally long QTc¢ intervals, giv-
ing a prevalence of 22.5% (95% CI: 18.3% - 27.3%) as shown in Figure 1.

= Abnormally long = Normal

Figure 1. Prevalence of abnormally long QTc¢ interval among study participants.

3.3. Factors Associated with Abnormally Long QTc Interval

In multivariable analysis, the factors independently associated with a higher prev-
alence of abnormally long QTc were elevated MAP (aPR = 1.16, 95% CI: 1.05 -
1.28, p = 0.002) and use of furosemide-containing antihypertensive regimens (cal-
cium channel blocker + loop diuretic) (aPR = 1.32, 95% CI: 1.11 - 1.57, p = 0.002)
(Table 2). Adequate physical activity (=150 minutes/week) remained protective
(aPR = 0.85, 95% CI: 0.77 - 0.94, p = 0.002). Compared to injectable-only anti-
diabetic regimens, use of oral agents alone (aPR = 0.62, 95% CI: 0.55 - 0.70, p <
0.001) and combined oral and injectable regimens (aPR = 0.57, 95% CI: 0.50 -
0.66, p < 0.001) were associated with lower prevalence of abnormally long QTc.

Table 2. Multivariate analysis of factors associated with abnormally long QTc¢ interval.

Variable Category aPR (95% CI) p-Value
Mean Arterial Pressure High vs. Normal 1.16 (1.05 - 1.28) 0.002
ACE inhibitor (ref) 1.00
Antih tensi
fHhypertensive Ca channel blocker + ACE inhibitor 1.04 (0.93 - 1.17)  0.442
Regimen
Ca channel blocker + thiazide (furosemide) 1.32(1.11 - 1.57) 0.002
Ca channel blocker alone 1.14 (1.00 - 1.30) 0.047
Injectable only (ref) 1.00
Antidiabetic Regimen
Oral only 0.62 (0.55 - 0.70) <0.001
Combined oral and injectable 0.57 (0.50 - 0.66) <0.001
Physica] Activity >150 vs. <150 min/week 0.85 (0.77 - 0.94) 0.002

Note: aPR: adjusted prevalence ratio; CI: confidence interval; ref: reference category.

DOI: 10.4236/0alib.1115730 7 Open Access Library Journal


https://doi.org/10.4236/oalib.1115730

J. 0. Ogwal et al.

4. Discussion

We found a high prevalence of abnormally long QTc interval (22.5%) among in-
dividuals with diabetes attending the diabetic clinic at LRRH in northern Uganda,
with elevated mean arterial pressure, furosemide use, insulin-only therapy, and

physical inactivity identified as key modifiable correlates.

4.1. Prevalence of Abnormally Long QTc Interval

The prevalence of abnormally long QTc interval (22.5%, 95% CI: 18.3% - 27.3%)
observed in our study is comparable to findings from other African settings. A
study from Tanzania reported a prevalence of 32% among type 2 diabetic patients
at Kilimanjaro Christian Medical Center [18], while research from southwestern
Uganda found a prevalence of 29.8% [12]. Our estimate is slightly lower but within
the range reported from international studies (15% - 67%) [9]-[11]. A recent sys-
tematic review of QTc prolongation in diabetes mellitus reported pooled preva-
lence estimates ranging from 17% - 35% across various populations, with our find-
ings falling within this range [5].

The prevalence we observed is substantially higher than that reported in the
general population in Uganda (11.7%) [19], reinforcing that diabetes itself confers
increased risk for QTc prolongation. This phenomenon is hypothesized to result
from persistent hyperglycemia, which increases intracellular calcium, promotes
free radical production, alters cardiac sympathovagal balance, and diminishes ni-
tric oxide production [20]. Low nitric oxide levels impair primary active transport
mechanisms in cardiomyocytes, prolonging myocardial repolarization [21].

Our prevalence is lower than that reported from India (42% among patients
with cardiovascular autonomic neuropathy) [22], likely because our study popu-
lation represented the full spectrum of diabetic patients rather than those with
established complications. This suggests that our findings may be generalizable to

routine diabetic care populations in similar resource-limited settings.

4.2. Factors Associated with Abnormally Long QTc Interval

4.2.1. Mean Arterial Pressure

The independent association between elevated MAP and abnormally long QTc
(aPR = 1.16, p = 0.002) aligns with previous studies demonstrating that blood
pressure influences cardiac repolarization [23]-[26]. Chronic pressure overload
from hypertension leads to left ventricular hypertrophy, which is associated with
downregulation of potassium channels responsible for phase 3 repolarization [27].
Additionally, hypertension-induced myocardial fibrosis disrupts electrical cou-
pling between myocytes, creating heterogeneous repolarization that prolongs the
QT interval [28]. In diabetic patients, this effect may be amplified by concomitant

autonomic neuropathy and microvascular damage.

4.2.2. Antihypertensive Medications
The finding that furosemide-containing regimens (calcium channel blocker +
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loop diuretic) were associated with a higher prevalence of abnormally long QTc
(aPR = 1.32, p = 0.002) is clinically significant. Loop diuretics like furosemide can
cause excessive urinary loss of potassium and magnesium, electrolytes critical for
normal cardiac repolarization [29]. Hypokalemia reduces the driving force for po-
tassium efflux during phase 3 of the action potential, while hypomagnesemia im-
pairs sodium-potassium ATPase function and exacerbates potassium wasting [30]
[31]. However, it is important to note that we did not measure serum electrolytes
concurrently with ECG recordings. The observed association may be partially ex-
plained by the underlying disease severity or other unmeasured confounders, and
our findings should be interpreted as hypothesis-generating rather than causal.
Nevertheless, our findings suggest that when furosemide use is unavoidable in di-
abetic patients, regular monitoring of serum electrolytes with prompt replacement

may be prudent.

4.2.3. Antidiabetic Medications

Patients requiring injectable antidiabetic agents (primarily insulin) had a signifi-
cantly higher prevalence of abnormally long QTc compared to those on oral agents
alone (aPR = 0.62 for oral-only vs. injectable-only, p < 0.001). The association
between insulin-only therapy and QTc prolongation likely reflects that insulin-
treated patients have more advanced disease, longer diabetes duration, poorer gly-
cemic control, and potentially greater end-organ damage, all of which are inde-
pendent risk factors for QTc prolongation [32]. While insulin-induced hypogly-
cemia can acutely prolong the QT interval through catecholamine-mediated hypoka-
lemia [33], we cannot disentangle the medication effect from the underlying dis-
ease severity in this cross-sectional design. Therefore, the observed association
should be interpreted as a marker of higher-risk patients rather than a direct phar-
macological effect of insulin itself. Patients on combination therapy (oral + inject-
able) also had a lower prevalence than injectable-only patients (aPR = 0.57), pos-
sibly because combination therapy allows lower insulin doses, reducing hypogly-

cemia risk while maintaining glycemic control.

4.2.4. Physical Activity

Adequate physical activity (2150 minutes/week) was independently protective
against QTc prolongation (aPR = 0.85, p = 0.002). Regular exercise improves au-
tonomic balance by increasing vagal tone and reducing sympathetic drive, stabi-
lizing myocardial repolarization [34]. Physical activity also improves glycemic
control, reduces oxidative stress, and promotes favorable cardiac remodeling, all

of which may preserve normal ion channel function [35].

4.3. Clinical and Public Health Implications

Our findings have several practical implications for diabetes care in resource-lim-
ited settings. First, the high prevalence of abnormally long QTc (22.5%) supports
routine ECG screening for diabetic patients, particularly those with multiple risk

factors. ECG is relatively low-cost and feasible in district-level hospitals in Uganda.
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Second, stringent blood pressure control should be prioritized, as elevated MAP
was a strong independent correlate of QTc prolongation. Third, when diuretic
therapy is necessary, potassium-sparing agents may be preferred over loop diuret-
ics, or close electrolyte monitoring should be implemented. Fourth, physical ac-
tivity should be promoted not only for glycemic control but specifically for cardiac
electrical stability. Finally, patients requiring insulin therapy warrant closer ECG

monitoring, with careful attention to avoiding hypoglycemic episodes.

4.4. Limitations

Several limitations should be acknowledged. The cross-sectional design precludes
causal inference; we can identify associations but not determine directionality.
Medication use, diabetes duration, and hypoglycemic history were based on pa-
tient records and self-report, introducing potential information bias. QTc interval
was measured at a single time point, not accounting for day-to-day variability due
to fluctuations in glucose, electrolytes, or autonomic function. We did not meas-
ure serum electrolytes concurrently with ECG recordings, which limits our ability
to definitively attribute the furosemide-QTc association to electrolyte disturb-
ances. We excluded patients with known cardiac, renal, or hepatic disease, which
may have underestimated the true prevalence in the broader diabetic population.
Diabetes type was not included as a covariate in the final model due to limited
power for subgroup analysis, though we have acknowledged this as an unmeas-
ured confounder. Finally, the single-center design may limit generalizability to

other regions.

5. Conclusion

Approximately one in five individuals with diabetes attending the diabetic clinic
at LRRH in northern Uganda has an abnormally long QT¢ interval, representing
a substantial burden of potential arrhythmic risk. Elevated mean arterial pressure,
furosemide-containing antihypertensive regimens, insulin-only therapy, and phys-
ical inactivity were independently associated with abnormally long QTc. These
findings support the integration of routine ECG screening into diabetic care in
Uganda and highlight the importance of careful antihypertensive selection, hypo-
glycemic agent optimization, and promotion of physical activity to mitigate car-

diovascular risk in this vulnerable population.
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