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Background: Tuberculosis (TB) remains a leading cause of morbidity and mortality globally. Hypercalcemia, a recognized compli-
cation of TB, is often asymptomatic but may cause significant clinical consequences. In Uganda, routine screening for hypercalcemia
in TB patients is limited, and data on its prevalence and associated factors are scarce. This study aimed to determine the prevalence,
clinical features, and factors associated with hypercalcemia among TB patients at Lira Regional Referral Hospital (LRRH).
Methods: A cross-sectional study was conducted among 180 adult TB patients attending the LRRH TB clinic. Socio-demographic,
clinical, and laboratory data were collected using structured questionnaires. Total serum calcium was measured using colorimetric
method, with hypercalcemia defined as adjusted calcium >10.5 mg/dL. Logistic regression was used to identify factors independently
associated with hypercalcemia, with significance set at p<0.05.

Results: Of the 180 participants (mean age 41.3£15.7 years; 54.4% female), 50 had hypercalcemia, giving a prevalence of 27.8% (95% CI:
21.1-34.4%). The most frequent symptoms associated with hypercalcemia were constipation (74.0%), polyuria (60.0%), and polydipsia
(70.0%), all p<0.05. Independent predictors of hypercalcemia included elderly age (aOR=3.075; 95% CI: 1.035-7.139; p=0.043), HIV
positivity (aOR=2.001; 95% CI: 1.254-5.631; p=0.011), and elevated creatinine (aOR=3.648; 95% CI: 1.510-6.517; p=0.006).
Conclusion: The prevalence of hypercalcemia among TB patients in northern Uganda is high. Routine calcium screening should be
considered, particularly among elderly patients, those with HIV infection, and those with renal impairment, to enable early detection
and management.
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Introduction

Tuberculosis (TB) has been identified in historical records dating back to ancient civilizations, with skeletal evidence
from Egyptian mummies and early medical writings confirming its long-standing presence.' Despite modern advance-
ments in diagnostics and therapy, TB persists as a major global health threat, ranking among the top infectious disease
killers with approximately 10 million new cases and over 1 million deaths annually.?

A notable complication of TB is hypercalcemia, defined as abnormally high serum calcium levels, which frequently occurs
in granulomatous disorders.*” The underlying mechanism involves excessive calcitriol synthesis by activated macrophages
within granulomatous lesions.®’” While sometimes clinically silent, hypercalcemia can lead to severe consequences such as
acute kidney injury, cardiac arrhythmias, and neurological disturbances.®’
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The burden of TB is heavily concentrated in low-resource settings, particularly sub-Saharan Africa.'® Regional
studies report widely varying hypercalcemia prevalence among TB patients, ranging from 12% to over 60%, with
discrepancies attributed to differences in dietary vitamin D, ultraviolet light exposure, and diagnostic methodologies.'' '

Uganda, designated by the WHO as a high-burden country for both TB and HIV, has an estimated TB prevalence of
253 cases per 100,000 population.'® Despite this, hypercalcemia screening remains uncommon in Ugandan TB patients
due to resource constraints. No local studies have yet investigated its prevalence or risk factors, though such data could
optimize screening practices and clinical outcomes.

Most of the patients with high calcium remain asymptomatic, and hypercalcemia is diagnosed on routine screening or
when they develop complications. In a resource-limited setting like Uganda, routine calcium screening of TB patients is
not feasible. Undiagnosed hypercalcemia in TB may worsen disease progression, prolong hospitalization, and increase
mortality risk.'®'” The current lack of region-specific evidence on its epidemiology and associated variables hinders
evidence-based management and policy formulation.

This study will bridge this critical knowledge gap. The study aimed to assess the prevalence, clinical manifestations,
and determinants of hypercalcemia among TB patients in northern Uganda. The results will support targeted screening
initiatives and enhance patient care strategies.

Methods
Study Design and Setting

This cross-sectional study was conducted at Lira Regional Referral Hospital (LRRH), the primary referral center for the
Lango sub-region in northern Uganda. The hospital’s TB clinic operates daily and adheres to Uganda’s national TB
management protocols. Data was collected in the months of April, May and June 2025.

Study Population

Eligible participants included adults (=18 years) with microbiologically or clinically confirmed TB attending the clinic
during the study period. Exclusion criteria comprised known malignancy, sarcoidosis, thyrotoxicosis, primary hyperpar-
athyroidism, or current use of medications affecting calcium metabolism. The patients on calcium supplements or
vitamin D supplements were also excluded.

Sample Size and Sampling

The sample size was calculated using Kish Leslie’s formula, with an assumed hypercalcemia prevalence (*p*) of 12%
based on prior Nigerian data.'' A minimum of 163 participants was required; after adjusting for a 10% non-response rate,
the target enrollment was set at 180. Consecutive sampling was employed until the desired sample size was achieved.

Data Collection Procedures

Trained research assistants collected socio-demographic and clinical data through structured interviews. Anthropometric
measurements, including body mass index (BMI), were recorded for nutritional assessment. Venous blood samples were
drawn for serum calcium, creatinine, and HIV testing. The duration of TB since diagnosis was also recorded and classified as
less than one month or at least one month. During data collection, care was taken to ensure that all sections were fully filled.
After each data collection session, the questionnaire was proof checked for blank spaces, and if found, they were filled.

Laboratory Methods
Total serum calcium was measured using the colorimetric method. Albumin was measured to determine the adjusted
calcium. Hypercalcemia was defined as adjusted calcium level exceeding 10.5 mg/dL.

Statistical Analysis
Data analysis was performed using SPSS version 26. The prevalence of hypercalcemia was reported as a proportion with
a 95% confidence interval (CI). Categorical variables were analyzed using chi-square tests, while logistic regression
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identified predictors of hypercalcemia. Variables with p < 0.2 in bivariable analysis were included in the final multi-
variable model.

Ethical Considerations

This study complies with the Declaration of Helsinki. Approval was obtained from the Kampala International University
(KIU) Research Ethics Committee and LRRH administration. All participants provided written informed consent prior to
enrollment.

Results

Characteristics of the Study Participants

In this research, we enrolled 180 participants with TB. Almost two third (59.4%) were middle aged adults. Slightly over
half (54.4%) were female. Majority (84.4%) had been with tuberculosis for less than one month. The details are shown in
Table 1 below.

Table | Characteristics of Study Participants

Characteristic Frequency | Percentage

Age category

Young adults (18-30) | 46 25.6

Middle aged (31-59) | 107 59.4

Elderly (60+) 27 15.0

Sex

Female 98 54.4

Male 82 45.6

Residence

Rural 101 56.1

Urban 79 439

Education level

Non formal 54 30.0

Primary 82 45.6

Secondary 44 244

Employment

Employed 60 333

Un employed 120 66.7

BMI

Normal 98 54.4

Underweight 79 43.9

Overweight 3 1.7

Diabetes Mellitus

No 174 96.7

Yes 6 33

HIV

No 105 58.3

Yes 75 41.7

Anemia

No 159 88.3

Yes 21 1.7

Hypertension

No 169 939

Yes 11 6.1
(Continued)
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Table | (Continued).

Characteristic Frequency | Percentage
Diuretics

No 178 98.9

Yes 2 1.1
Creatinine

Normal 158 87.8

High 22 12.2

TB duration

<| month 152 84.4

I+ months 28 15.6

Abbreviations: HIV, Human immune deficiency virus; TB,
Tuberculosis.

Prevalence of Hypercalcemia Among Patients Diagnosed with Tuberculosis at LRRH
Of the 180 participants enrolled, 50 were found to have hypercalcemia, representing a prevalence of 27.8%, with a 95%
confidence interval of 21.1-34.4% (Figure 1).

Clinical Features Associated with Hypercalcemia Among Patients Diagnosed with TB
at LRRH

The three clinical features that were importantly linked to hypercalcemia of the individuals diagnosed with tuberculosis
at LRRH were constipation, polyuria and polydipsia. These clinical features were significantly higher among the
participants with hypercalcemia compared to those who did not have hypercalcemia with 70.0% versus 49.2% for

polydipsia, 60.0% versus 35.4% for polyuria and 74.0% versus 46.9% for constipation (P<0.05 for all the three) as shown
in Table 2 below.

Factors Associated with Hypercalcemia Among Patients Diagnosed with TB at LRRH
The variables considered for multivariate analysis (P<0.2) were: age category, HIV status, creatinine level and duration
of tuberculosis as detailed in Table 3 below.

m No hypercalcemia = Hypercalcemia

Figure | Prevalence of hypercalcemia among patients diagnosed with tuberculosis at LRRH.
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Table 2 Clinical Features Associated with Hypercalcemia Among Patients
Diagnosed with Tuberculosis at LRRH

Clinical Overall No Hypercalcemia, | Hypercalcemia, | P value
Feature (N=180) N=130 N=50

Cough 0.858
No 8(4.4) 6(4.6) 2(4.0)

Yes 172(95.6) 124(95.4) 48(96.0)

Weight loss 0.422
No 43(23.9) 29(22.3) 14(28.0)

Yes 137(76.1) 101(77.7) 36(72.0)

Fever 0.906
No 60(33.3) 43(33.1) 17(34.0)

Yes 120(66.7) 87(66.9) 33(66.0)

Weakness 0.778
No 105(58.3) 75(57.7) 30(60.0)

Yes 75(41.7) 55(42.3) 20(40.0)

Poor 0.254
appetite

No 103(57.2) 71(54.6) 32(64.0)

Yes 77(42.8) 59(45.4) 18(36.0)

Hemoptysis 0.249
No 135(75.0) 94(72.3) 41(82.0)

Yes 45(25.0) 36(27.7) 9(18.0)

Malaise 0.664
No 109(60.6) 80(61.5) 29(58.0)

Yes 71(39.4) 50(38.5) 21(42.0)

Dyspnea 0.406
No 127(70.6) 94(72.3) 33(66.0)

Yes 53(29.4) 36(27.7) 17(34.0)

Polyuria 0.004
No 104(57.8) 84(64.6) 20(40.0)

Yes 76(42.2) 46(35.4) 30(60.0)

Polydipsia 0.013
No 81(45.0) 66(50.8) 15(30.0)

Yes 99(55.0) 64(49.2) 35(70.0)

Constipation 0.001
No 82(45.6) 69(53.1) 13(26.0)

Yes 98(54.4) 61(46.9) 37(74.0)

Night sweats 0.767
No 46(25.6) 34(26.2) 12(24.0)

Yes 134(74.4) 96(73.8) 38(76.0)

Note: Bold=P value <0.05 (significant).

In the multivariable analysis, the independent determinants linked to hypercalcemia of the individuals diagnosed
having TB at LRRH were: being elderly (aOR=3.075, CI=1.035-7.139, P=0.043), being HIV positive (aOR=2.001,
CI=1.254-5.631, P=0.011) and having high creatinine (aOR=3.648, CI=1.510-6.517, P=0.006). The odds for hypercal-
cemia were increased by over 3 times for those who were elderly, by over 2 times for those that were HIV positive and by

over 3.5 times for those who had high creatinine. The details are shown in Table 4 below.
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Table 3 Bivariable Analysis of Factors Associated with Hypercalcemia Among Patients Diagnosed
with Tuberculosis at LRRH

Characteristic No Hypercalcemia, Hypercalcemia, Bivariable Analysis
N=130 N=50

cOR | 95% ClI P value
Age category
Young adults 36(27.7) 10(20.0) Ref
(18-30)
Middle aged 80(61.5) 27(54.0) 1.215 | 0.532-2.773 0.644
(31-59)
Elderly (60+) 14(10.8) 13(26.0) 3.343 | 1.194-9.363 0.022
Sex
Female 68(52.3) 30(60.0) 1.368 | 0.705-2.652 | 0.354
Male 62(47.7) 20(40.0) Ref
Residence
Rural 73(56.2) 28(56.0) 0.994 | 0.515-1.917 | 0.985
Urban 57(43.8) 22(44.0) Ref
Education level
Non formal 40(30.8) 14(28.0) 1.190 | 0.469-3.020 | 0.714
Primary 56(43.1) 26(52.0) 1.579 | 0.678-3.674 | 0.289
Secondary+ 34(26.2) 10(20.0) Ref
Employment
Employed 42(32.3) 18(36.0) Ref
Un employed 88(67.7) 32(64.0) 0.848 | 0.428-1.682 | 0.638
BMI
Normal 70(53.8) 28(56.0) Ref
Underweight 58(44.6) 21(42.0) 0.905 | 0.466-1.759 | 0.769
Overweight 2(1.5) 1(2.0) 1.250 | 0.109-14.343 | 0.858
Diabetes Mellitus
No 125(96.2) 49(98.0) Ref
Yes 5(3.8) 1(2.0) 0.510 | 0.058-4.479 | 0.544
HIV
No 82(63.1) 23(46.0) Ref
Yes 48(36.9) 27(54.0) 2.005 | 1.036-3.882 | 0.039
Anemia
No 114(87.7) 45(90.0) Ref
Yes 16(12.3) 5(10.0) 0.792 | 0.274-2.289 | 0.666
Hypertension
No 121(93.1) 48(96.0) Ref
Yes 9(6.9) 2(4.0) 0.560 | 0.117-2.688 | 0.469
Diuretics
No 129(99.2) 49(98.0) Ref
Yes 1(0.8) 1(2.0) 2.633 | 0.161-42.916 | 0.497
Creatinine
Normal 120(92.3) 38(76.0) Ref
High 10(7.7) 12(24.0) 3.789 | 1.518-9.462 | 0.004
TB duration
<| month 115(88.5) 37(74.0) Ref
I+ months I15(11.5) 13(26.0) 2.694 | 1.175-6.177 | 0.019

Note: Bold=P value <0.05 (significant).
Abbreviations: cOR, Crude odds ratio; Cl, Confidence interval; IV, Human immune deficiency virus; TB, Tuberculosis.
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Table 4 Multivariable Analysis of Factors Associated with Hypercalcemia Among Patients
Diagnosed with Tuberculosis at LRRH

Characteristic Bivariable Analysis Multivariable Analysis

cOR | 95% CI P value | aOR | 95% CI P value
Age category
Young adults (18-30) | Ref
Middle aged 31-59) | 1.215 | 0.532-2.773 0.644 0.930 | 0.387-2.235 0.870
Elderly (60+) 3.343 | 1.194-9.363 | 0.022 3.075 | 1.035-7.139 | 0.043
HIV
No Ref
Yes 2.005 | 1.036-3.882 | 0.039 2.001 | 1.254-5.631 | 0.011
Creatinine
Normal Ref
High 3.789 | 1.518-9.462 | 0.004 3.648 | 1.510-6.517 | 0.006
TB duration
<| month Ref
I+ months 2694 | 1.175-6.177 | 0.019 2512 | 0.990-6.374 | 0.053

Abbreviations: cOR, Crude odds ratio; aOR, adjusted odds ratio; Cl, Confidence interval.

Discussion

This study investigated the prevalence, clinical features, and risk factors of hypercalcemia among tuberculosis patients at
Lira Regional Referral Hospital in northern Uganda. Among 180 enrolled participants, we found a hypercalcemia
prevalence of 27.8% (50 cases), with significant variations observed when compared to other regions. Our findings
align with studies from Greece (25%)'* and Nigeria (27.5%),"" while showing higher rates than reported in India
(20.15%)"* and lower rates than found in Ethiopia (52.3%)"° and Pakistan (71.3%).'® These geographical differences
likely reflect variations in HIV co-infection rates, study methodologies, and population characteristics.

The clinical presentation of hypercalcemia in our TB patients was characterized by three predominant symptoms:
constipation (74% prevalence among hypercalcemic patients versus 46.9% in normocalcemic patients), polyuria (60%
versus 35.4%), and polydipsia (70% versus 49.2%). The constipation results from calcium-induced slowing of intestinal
motility, while polyuria occurs due to calcium-mediated interference with renal concentrating ability through aquaporin-2
channel downregulation and direct effects on the loop of Henle. Polydipsia develops secondary to the water loss from
polyuria, creating a compensatory thirst response. These findings are mechanistically explained by calcium’s effects on
gastrointestinal motility and renal function, as previously described in the literature."”

Multivariable logistic regression analysis identified three independent risk factors for hypercalcemia in our TB
population. Elderly patients (=60 years) showed 3.1-fold increased odds (aOR 3.1) of developing hypercalcemia
compared to younger patients, consistent with known age-related declines in calcium homeostasis mechanisms.'® HIV
co-infection was associated with 2.4-fold greater odds (aOR 2.4), potentially through immune reconstitution inflamma-
tory syndrome (IRIS)-mediated overproduction of calcitriol by granuloma macrophages.'® Patients with elevated
creatinine levels demonstrated 3.5-fold increased risk (aOR 3.5), reflecting the critical role of renal function in calcium
excretion and homeostasis.”> However, it is important to note that the association with elevated creatinine could be
bidirectional as hypercalcemia causes renal impairment, and renal impairment reduces calcium excretion. However, the
cross-sectional design used in this study could cannot determine directionality.

These findings carry important clinical implications for TB management in similar high-burden settings. The
relatively high prevalence of hypercalcemia, particularly among elderly, HIV-positive, and renally impaired patients,
suggests that targeted calcium monitoring should be considered in these high-risk groups. The characteristic symptom
triad of constipation, polyuria, and polydipsia can serve as valuable clinical indicators for hypercalcemia in resource-
limited settings where laboratory testing may not be routinely available.
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Several limitations should be acknowledged when interpreting these results. The single-center design may affect
generalizability to other settings. The cross-sectional nature prevents assessment of causality or hypercalcemia’s impact
on long-term TB outcomes. Additionally, we did not measure parathyroid hormone or vitamin D levels, which could
have provided further mechanistic insights into the observed hypercalcemia cases. Consecutive sampling was used and
this non-probability sampling may have introduced selection bias.

Hypercalcemia, identified in about 28% of patients, necessitates targeted monitoring in elderly, HIV-positive, and
renal-impaired tuberculosis cases. Clinical management should include screening for a triad of constipation, polyuria, and
polydipsia to guide diagnosis, especially in resource-limited settings guidelines may enhance immune recovery and
overall patient outcomes.

Conclusion

The prevalence of hypercalcemia among TB patients at Lira Regional Referral Hospital was high, affecting over one-
quarter of the study population. Constipation, polyuria, and polydipsia were the clinical features most strongly associated
with hypercalcemia. Elderly age, HIV positivity, and elevated creatinine emerged as independent predictors.

Recommendations

Routine screening for hypercalcemia should be considered for all TB patients to facilitate early diagnosis; more
especially the elderly, HIV-positive, and those with renal impairment. Serial renal function tests should be incorporated
into routine TB care to enable early detection and management of renal diseases, thereby preventing hypercalcemia.
Additionally, further research is needed to determine optimal strategies for managing elderly TB patients with the aim of
reducing hypercalcemia risk.
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