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Abstract 
Background: People living with HIV (PLWH) are at increased risk for ischemic 

heart disease (IHD) and myocardial infarction (MI). Our objectives in this study were the 

following: identify the prevalence of prior MI and myocardial ischemia among PLWH, 

compare with HIV-uninfected participants, identify correlates of prior MI among 

PLWH; examine PLWH knowledge, attitudes, and practices (KAP) regarding IHD, 

identify predictors of improved knowledge, and explore patient and provider 

perspectives on barriers to MI care. Methods: Adults presenting for routine HIV-care 

were recruited. Trained research assistants collected basic sociodemographic 

information and medical history and administered a standardized knowledge, attitudes, 

and practices survey regarding IHD.  An IHD knowledge score between 0 and 10 was 

calculated for each participant based on the number of correct answers on the KAP 

knowledge questions. Associations between participant characteristics and IHD 

knowledge scores were assessed via Welch’s t-test. Age- and sex- matched participants 

without HIV were selected as controls from an outpatient department in the same 

district. Both PLWH and control participants underwent 12-lead resting ECG testing. 

ECG criteria for prior MI was defined as pathologic Q waves in ≥2 contiguous lead and 

myocardial ischemia as ST segment depression or T wave inversion in ≥2 contiguous 

leads. Each ECG was reviewed by two independent physician adjudicators, and 
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Pearson’s chi-squared test was used to compare the prevalence of ischemic ECG 

findings among those with and without HIV. Multivariate logistic regression was also 

performed to identify patient characteristics correlating with prior MI in PLWH on ECG. 

Finally, PLWH with ECG findings of prior MI and physicians caring for PLWH were 

recruited via purposive sampling for in-depth interviews regarding barriers to MI care 

in PLWH. Inductive thematic analysis was conducted to identify emergent themes and 

all transcripts were independently coded in NVivo 12. Results: Of 500 enrolled PLWH, 

the mean (sd) age was 45.3 (11.4) years and 139 were (27.8%) males. The study found an 

average knowledge score of 5.6, with higher IHD knowledge scores being associated 

with post-primary education (mean = 6.27 vs 5.35, p = 0.001) and with >10% five-year 

risk of cardiovascular event (mean = 5.97 vs 5.41, p = 0.045). Control participants without 

HIV were recruited for 497 participants with HIV. Prior MI (11.1% vs 2.4%, OR 4.97, 95% 

CI: 2.71-9.89, p<0.001), and myocardial ischemia (18.7% vs 12.1% OR 1.67, 95% CI: 1.18-

2.39, p=0.004) were significantly more common among participants with HIV than those 

without HIV. On multivariate analysis, prior MI among participants with HIV was 

associated with male sex (OR 2.05, 95% CI: 1.06-3.89, p=0.030) and self-reported family 

history of cardiovascular disease (OR 2.05, 95% CI: 1.05-3.88, p=0.031). The 24 in-depth 

interviews of providers and patients revealed barriers related to perceptions and 

understanding of MI among patients and providers, delays in MI diagnosis and 

initiation of treatment, and challenges in the provision of long-term MI care.  
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Conclusions: Tanzanians with HIV have a significantly higher burden of IHD than those 

without HIV, but significant barriers exist to high quality cardiovascular care in this 

population. Further study is required to characterize cardiovascular disease burden and 

improve care for PLWH.  
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1. Introduction  
 People living with HIV (PLWH) are at twice the risk of ischemic heart disease 

(IHD), including myocardial infarction (MI), compared to those without HIV.1–3 

Prolonged exposure to HIV infection and subsequent antiretroviral therapies are 

thought to increase vascular inflammation and immune dysfunction, which lead to 

increased risk for dyslipidemia and thrombosis leading to IHD and MI.4 Sub-Saharan 

Africa (SSA) bears the largest burden of HIV in the world and is also seeing an increase 

in traditional cardiovascular risk factors such as hypertension and obesity.5,6 As those 

with HIV live longer with the increased uptake of antiretroviral therapies in SSA, IHD 

and MI in PLWH are a growing concern in this region.7 

 Few studies quantify the burden of cardiovascular diseases (CVD), including MI 

in PLWH in SSA. Prior work in Tanzania indicated that diagnostic workups for MI are 

uncommon, MI cases are frequently missed, and MI burden is substantially 

underestimated the population level.8–10 A recent systematic review identified only two 

studies examining the burden of MI among PWH in SSA, and there have been no other 

studies on the prevalence of MI among PLWH in SSA to our knowledge.11 

Understanding the true prevalence of MI in PWH is a crucial first step in improving MI 

care for these individuals. Given the resource constraints in settings like Tanzania, 

electrocardiogram (ECG) screenings can provide a wealth of objective information on 
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prior MI and myocardial ischemia.12 Previous studies examining ECG features of PLWH 

in SSA have mostly investigated ventricular hypertrophy, arrythmias, and the QTc 

interval.13–16 One study in Uganda found that 9% of study participants with HIV had 

ECG findings suggestive of myocardial ischemia, such as T-wave inversions or ST 

depressions.17 Beyond this study, there is little data describing ischemic ECG findings 

among PLWH in SSA. Therefore, in this prospective observational study we purposed to 

determine the prevalence of ischemic ECG findings among PLWH in Tanzania and 

compare this prevalence to that of HIV-uninfected participants.  

 Moreover, there is little literature on barriers to IHD care in SSA. Studies 

examining treatment of IHD risk factors such as hypertension in PLWH in Tanzania 

found separate care systems in the management of HIV and cardiovascular conditions 

like hypertension. There are scarce risk factor screenings in routine HIV care leading to 

delays in diagnosis and linkage to care and the two conditions are managed by two 

different sets of providers.18,19 In addition to siloed care systems, limited provider 

understanding of increased IHD risk in PLWH is a barrier to MI care in SSA.19 

Furthermore, a few studies from SSA indicate that patients with HIV lack adequate 

cardiovascular knowledge and do not recognize their HIV-status to be a risk factor for 

ischemic heart disease.20,21 Poor health literacy and lower levels of cardiovascular disease 

knowledge is linked to lower risk perceptions, poor preventative practices among 

patients, and poor health outcomes in high-income settings.22–25 There exists little 
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research outside these handful of studies. Hence, a second purpose of this study is to 

explore patient and provider perspective.  

 The primary aims of this study were to (1) determine PLWH knowledge, 

attitudes, and practices (KAP) regarding IHD and identify correlates of improved 

knowledge among adult Tanzanians with HIV, (2) determine the prevalence of prior MI, 

myocardial ischemia, and QTc prolongation among PLWH in Tanzania, compare this 

prevalence to that of HIV-uninfected participants, and identify correlates of prior MI 

and prevalence of QTc prolongation among PLWH, and 3) identify barriers to high-

quality MI care among persons with HIV.  

 

 and explore patient and provider perspectives on barriers to MI care. 
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2. Methods 
2.1 Setting 

 This study was conducted in the Kilimanjaro Region of northern Tanzania. The 

region’s 2017 community prevalence of HIV was 2.6%, and its 2014 community 

prevalence of hypertension among adults was 27%. 26,27  

 PLWH were recruited from those seeking care from Majengo Care and 

Treatment Center (MCTC), a government-funded clinic that provides free, routine 

outpatient HIV care to approximately 1200 HIV infected adults in Moshi, Tanzania.  

 Control participants without HIV were recruited from the outpatient department 

(OPD) at Kilimanjaro Christian Medical Centre (KCMC), a hospital also located in 

Moshi, Tanzania. The KCMC OPD provides non-emergent, unscheduled care.  

 Providers interviewed for the qualitative analysis exploring barriers to MI care in 

PLWH were recruited from a variety of healthcare facilities where patients with HIV 

receive care, such as outpatient HIV treatment centers, hospitals, and emergency 

departments.  

2.2 Participants  

2.2.1 PLWH (for KAP study and ECG study) 

 All patients 18 years of age and older accessing routine HIV care from MCTC 

were eligible for enrollment. Research assistants recruited participants between 1 

September 2020 until 1 March 2021.  
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2.2.2 HIV-uninfected controls (for ECG study) 

One control of the same sex and within 5 years of age for each HIV-infected 

participant was eligible for enrollment; those with self-reported or positive HIV test 

results were excluded from the study. Trained research assistants recruited controls 

from 1 October 2020 until 1 October 2021 from the KCMC OPD.  

2.2.3 Providers caring for MI (for qualitative study).  

  Providers were eligible to be included in the qualitative component of the study 

if they routinely cared for PLWH or MI in PLWH. A diverse group of providers with 

various clinical degrees (such as physicians, clinical officers, and nurses), of both sexes, 

practicing in different kinds of facilities, and across years of practice were recruited via 

purposive sampling to characterize a wide range of provider perspectives across 

northern Tanzania.  

Trained research assistants approached providers from 1 March to 1 September 

2021, and interviews were conducted until thematic saturation was reached.  

2.2.4 PLWH with prior MI (for qualitative study).  

 Participants with HIV enrolled from MCTC with ECG findings indicating prior 

MI were eligible to be included in the qualitative component of the study. Among 

enrolled HIV-infected participants with ischemic ECG, purposive sampling was used to 

select participants from a range of sexes, ages, and educational backgrounds for 



 

 

6 

participant in the qualitative component of this study. Trained research assistants 

approached participants from 1 March to 1 September 2021, and interviews were 

conducted until thematic saturation was reached.  

2.3 Procedures 

2.3.1 Knowledge, Attitudes, and Practices Survey 

 Participants with HIV were administered a standardized KAP survey with 10 

IHD knowledge questions, 7 IHD attitudes questions, and 5 IHD practices questions 

previously developed in northern Tanzania (Appendix A).28 Research assistants also 

collected each participant’s HIV-care related information, including time since 

diagnosis, current and prior ART use, and most recent CD4 and HIV viral load values 

from patient medical record.  

2.3.2 ECG Study 

Participants with HIV enrolled from MCTC and participants without HIV 

enrolled from KCMC were administered an adapted World Health Organization (WHO) 

STEPS survey which collected the following information:29 basic sociodemographic 

information, medical history and comorbidities, medication use, and lifestyle behaviors 

(Appendix B). Research assistants also measured each participant’s, blood pressure, 

height, weight, and point-of-care glucose (obtained with a glucometer, and participants 

were asked if they had consumed anything that day to determine whether it was a 
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fasting or random glucose. Each participant underwent resting 12-lead ECG testing via a 

tablet-based ECG machine (PADECG, Edan Instruments, Shenzhen, China). All ECGs 

were reviewed by two independent physician adjudicators, trained in either cardiology 

or emergency medicine. Presence of prior MI and myocardial ischemia were defined by 

Fourth University Definition of MI guidelines,12 as detailed below. In cases of 

disagreement among physician adjudicators, a third physician served as a tiebreaker. All 

adjudicators were blinded to HIV status and other clinical information other than age 

and gender. 

For participants with HIV, research assistants collected each participant’s HIV-

care related information, such as time since diagnosis, current and prior ART use, and 

most recent CD4 and HIV viral load values from patient medical record. For participants 

without HIV, a Standard Diagnostics Bioline HIV 1/2 assay (Standard Diagnostics, 

Suwon, Korea) was used to confirm a HIV-negative status at time of enrollment. All 

testing was accompanied with pre- and post- counseling and those testing HIV-positive 

were linked to appropriate follow-up care.  

2.3.3 Qualitative Study 

 For qualitative interviews, a semi-structured interview guide was developed by 

a team of researchers and physicians from both the United States and Tanzania 

(Appendix C). Trained local research assistants conducted the interviews face-to-face in 
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Swahili in a private location of the participant’s choosing. Interviews were audiotaped 

and later transcribed and translated into English by a translator fluent in both English 

and Swahili. Information related to participant age, gender, years of practice, and 

location and type of practice was noted. The research team continuously reviewed 

interview transcripts after each IDI to assess for thematic saturation. 

2.3.4 Ethics Statement 

The Tanzania National Institute of Medical Research, Kilimanjaro Christian 

Medical Centre, and Duke Health institutional review boards provided ethical approval. 

All participants provided written informed consent prior to enrollment. The clinical 

results of study investigations were shared with MCTC and KCMC care teams, and 

participants with abnormal test results were referred for further care. 

2.4 Measures 

2.4.1 Social determinants and Lifestyle behaviors 

These variables were defined by participant self-report. Patients reported 

education level as the following: none, some primary, completed primary, some 

secondary, completed secondary, some college, and completed college. Household 

income was collected as a response number. Participants indicated yes or no to tobacco 

and alcohol use. Secondary education was defined as any self-reported formal 

secondary school education. Household income was collected as a response number. 
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Participants indicated yes or no to tobacco use. Weekly exercise was collected as a 

response variable, and as per WHO guidelines, sedentary lifestyle was defined as <150 

minutes of moderately vigorous exercise per week.30  

2.4.2 Comorbidities 

 Hypertension, diabetes, and hyperlipidemia were based on participant’s self-

report (yes/no/don’t know). Elevated blood pressure was defined as measured systolic 

blood pressure ≥140mmHg or diastolic blood pressure ≥90mmHg. Hyperglycemia was 

defined as fasting glucose ≥126mg/dl, if the patient has reported having consumed 

nothing other than water that day, or random glucose ≥200 mg/dl, all other patients. 

Body mass index (BMI) was calculated directly from measured height and weight. 

Obesity was defined as measured body mass index (BMI) ≥30 kg/m2. 

2.4.3 Family history of CVD 

Family history of CVD was self-reported by participant as yes or no on history of 

myocardial infarction or stroke in a first-degree relative. 

2.4.4 Five-year risk of cardiovascular event 

The five-year risk of cardiovascular event was calculated for each patient based 

on the Harvard NHANES risk model with age, sex, measured systolic blood pressure 

and body mass index, and self-reported history of diabetes and smoking-status.31 The 
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categories include the following: <5 percent, 5-10 percent, 10-20 percent, 20-30 percent, 

and >30 percent. This model has been validated in different settings, including SSA.32  

2.4.5 Prior MI 

Prior MI was defined as yes or no based on the presence of pathologic Q waves 

in at least two contiguous leads, with different widths and depths used for each specific 

lead, as per the ECG criteria in the Fourth Universal Definition of MI guidelines.12  

2.4.6 Prior myocardial ischemia 

Prior myocardial ischemia was defined as yes or no based on ST depressions 

≥0.5mm in at least two contiguous leads or T wave inversions ≥1mm in at least two 

contiguous leads as per universal MI guidelines.12  

2.4.7 Prolonged QTc Interval  

Prolonged QTc interval was calculated by the PADECG machine using the Bazett 

formula. Prolonged QTc was defined as yes or no based on a QTc interval ≥450ms for 

males and ≥460ms for females, in accordance with international guidelines.19  

2.4.8 Virologic Suppression  

Virologic suppression was defined as yes or no based on the most recent HIV 

RNA viral load < 200 copies/ml.  
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2.5 Analysis 

2.5.1 Quantitative Analysis  

All statistical analyses were performed in the R suite. The KAP questionnaire 

responses are presented as proportions of participants indicating “yes,” “no,” or “don’t 

know” to the questions. Each participant was given an IHD knowledge score based on 

the number of correct responses to IHD knowledge questions, with a maximum possible 

knowledge score of 10 and a minimum possible score of 0. Associations between 

participant characteristics and IHD knowledge scores were assessed via Welch’s t-test, 

and statistical significance was determined at p<0.05. Scores for the attitudes and 

practices sections and associations between these scores and participant characteristics 

were not calculated.  

To compare the prevalence of prior MI, myocardial ischemia, and prolonged QTc 

interval between participants with and without HIV, Pearson’s chi-squared test was 

used. Welch’s t-test for continuous variables and Pearson’s chi-squared for categorical 

variables were performed to identify univariate associations between participant 

characteristics and prior MI in participants with HIV; Fisher’s exact test was used when 

expected cell count was < 5. To identify predictors of prior MI among those with HIV, 

multivariate logistic regression was performed. Any variable with evidence of possible 

univariate association with prior MI (p<0.10) was included in the multivariate model; 

age and sex were also forced into the model.  
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2.5.2 Qualitative Analysis 

Emergent themes were identified through inductive thematic analysis and a 

codebook was developed by an interdisciplinary team consisting of both clinicians and 

non-clinicians from Tanzania and the United States. All transcripts were independently 

coded by at least two members of the coding team trained with the codebook in NVivo 

12 (released March 2020), and any disagreements were reconciled through discussion. 

The codebook was further iteratively refined through the coding process. The final 

codebook consisted of 67 codes. Coded data was further analyzed to identify themes 

and similarities and differences among participants, groups of participants, and sub-

groups of participants. The themes were presented in a manner that would identify care 

practices and barriers to MI care across the care continuum and representative quotes 

were identified. 
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3. Results 
3.1 Knowledge, Attitudes, and Practices Regarding IHD 

Of 501 HIV-infected MCTC patients approached by research staff, 500 (99.8%) 

consented to participation and were enrolled. The mean (sd) age of enrolled participants 

was 45.3 (11.4) years and 139 (27.8%) were male (Table 1). Hypertension was the most 

common self-reported co-morbidity (n = 57, 11.4%); few patients reported other 

cardiovascular diseases. Based on participant characteristics, 143 (28.6%) participants 

were determined to have greater than a 10% risk of a cardiovascular event in five-years.  

Table 1. Characteristics of patients presenting to MCTC for routine HIV care 
participating in KAP survey, northern Tanzania, 2020-2021 (N = 500) 

Patient characteristics Number of patients (%) 

Male sex 139 (27.8) 

Age, mean (sd), years 45.3 (11.4) 

Education --  

  None 30 (6.0) 

  Primary 351 (70.2) 

  Secondary 92 (18.4) 

  Post-secondary 27 (5.4) 

Self-reported medical comorbidities  -- 

  Hypertension 57 (11.4) 

  Diabetes 9 (1.8) 

  Prior stroke 5 (1.0) 

            Chronic kidney disease 2 (0.4) 

  Hyperlipidemia 0 (0) 

Self-reported history of tobacco use 123 (24.6) 

Self-reported history of alcohol use 391 (78.2) 

Body mass index (BMI), mean (sd)  25.3 (5.11) 

Family history of cardiovascular disease 97 (19.4) 

Sedentary lifestyle 344 (68.6) 

5-year cardiovascular risk --  
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      <5% 228 (45.6) 

     5-10% 129 (25.8) 

     10-20% 100 (20.0) 

      20-30% 33 (6.6) 

      >30% 10 (2.0) 

Participants’ responses to the knowledge items on the KAP survey are presented 

in Figure 1. The majority of the participants could accurately discern that a stroke and a 

heart attack are not the same thing (n = 253, 50.6%). Moreover, the majority of the 

participants recognized high blood pressure (n = 313, 62.6%), salty foods (n = 289, 57.8%), 

lack of exercise (n = 344, 68.8%), high cholesterol (n = 349, 69.8%), obesity (n = 398, 

79.6%), and old age (n = 287, 57.4%) as risk factors for IHD. However, less than half the 

participants knew that a heart attack is when the heart does not receive enough blood 

supply (n = 237, 47.4%), that diabetes is a risk factor for IHD (n = 241, 48.2%), or that 

taking an aspirin reduces the chances of having a second heart attack or stroke (n = 73, 

14.6%). The mean (sd) knowledge score was 5.57 (2.82).  
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*the bold text indicates the percentage who answered the question correctly 

Figure 1. Responses to questions regarding knowledge of ischemic heart disease among 
adult patients presenting for routine outpatient HIV care, northern Tanzania, 2020-2021 
(N = 500) 
 

 Bivariate analyses comparing participant characteristics and IHD knowledge 

found that a higher knowledge score was associated with post-primary education (mean 

= 6.27 vs 5.35, p = 0.001) and with a greater than 10% five-year risk of cardiovascular 

event (mean = 5.97 vs 5.41, p = 0.045; Table 2). There was no apparent relationship 

between participant age and knowledge score.  

Table 2. Association between participant characteristics and knowledge of ischemic 
heart disease among adult patients presenting for routine outpatient HIV care, northern 
Tanzania, 2020-2021 (N = 500) 

Participant characteristic Knowledge score, mean (sd) p 
Sex    

  Female 5.42 (2.84) 0.058  

  Male 5.95 (2.75) 

Age    

14.6
57.4

79.6
69.8
68.8

57.8
48.2
62.6

47.4
22.4

24.4

15.6

3.8

5.4

8.4

14.0

16.6

11.2

15.8

50.6

61.0

27.0

16.6

24.8

22.8

28.2

35.2

26.2

36.8

27.0

0.0 20.0 40.0 60.0 80.0 100.0 120.0

10. Taking a daily aspirin can reduce the…

9. Old age increase the chances of having a…

8. Obesity increases the chances of having a…

7. High cholesterol increases the chances of…

6. A lack of exercise increases the chances of…

5. Salty foods increase the chances of having a…

4. Diabetes increases the chances of having a…

3. High blood pressure increases the chances of…

2. A heart attack is when the heart does not…

1. A stroke and a heart attack are the same thing.

Yes No Don’t Know
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  Age ≥ 45 years 5.78 (2.84) 0.082  

  Age < 45 years 5.35 (2.79) 

Education    

  Primary or none 5.35 (2.85) 0.001* 

  Post-primary 6.27 (2.62) 

5-year cardiovascular risk    

  Low risk (<10%) 5.41 (2.83) 0.045 * 

  High risk (>10%) 5.97 (2.77) 

*p-value<0.05 

Regarding patient attitudes towards IHD, the majority indicated that obesity is 

bad for one’s health (n = 445, 89.0%), would prefer to use western medicines over 

traditional medicines (n = 425, 85.0%), believed there were things they could do to 

reduce their chances of having a heart attack (n = 361, 72.2%), and were willing to reduce 

the amount they eat to improve their health (n = 463, 92.6%; Table 3). Less than half the 

participants thought that heart attacks were common in their community (n = 182, 

36.4%), or would trust providers to diagnose and treat heart attacks (n = 221, 44.2%).  

Table 3. Responses to questions regarding attitudes towards ischemic heart disease 
among adult patients presenting to for routine outpatient HIV care, northern Tanzania, 
2020-2021 (N = 500) 

Question Yes, n (%) No, n (%) Don’t Know, n (%) 

1. Heart attacks are common in my community. 

  182 (36.4) 247 (49.4) 71 (14.2) 

2. Obesity is bad for one’s health. 

  445 (89.0) 36 (7.2) 19 (3.8) 

3. If a doctor told me I was having a heart attack, I would be scared. 

  158 (31.6) 338 (67.6) 4 (0.8) 

4. I would prefer to use medicines from a doctor more than traditional 

medicines from a traditional healer for a heart attack.  

  425 (85.0) 43 (8.6) 32 (6.4) 

5. There are things I can do to reduce my chances of having a heart attack. 

  361 (72.2) 40 (8.0) 99 (19.8) 
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6. Doctors here can diagnose and treat heart attacks. 

  221 (44.2) 96 (19.2) 183 (36.6) 

7. I am ready to reduce the amount that I eat to improve my health. 

  463 (92.6) 26 (5.2) 11 (2.2) 

Regarding patient practices surrounding IHD, the majority indicated that they 

adhere to their medications as prescribed (n = 488, 97.6%; Table 4), exercise more than 

twice a week (n = 357, 71.4%), and limit salt intake (n = 309, 61.8%). However, less than 

half the participants reported attending regular health check-ups (n = 106, 21.2%) or 

trying to lose weight (n = 183, 36.6%).  

Table 4. Responses to questions regarding health practices among patients presenting 
to MCTC for routine HIV care, northern Tanzania, 2020-2021 (N = 500) 

Question Yes, n (%) No, n (%) Don’t Know, n (%) 

1. Do you currently take medicines every day as instructed by your doctor? 

 488 (97.6) 12 (2.4) 0 (0) 

2. Do you exercise more than twice weekly? 

  357 (71.4) 143 (28.6) 0 (0) 

3. Do you go to the doctor regularly for health check-ups? 

  106 (21.2) 394 (78.8) 0 (0) 

4. Do you limit the amount of salt you use in your food so you don’t develop 

health problems? 

  309 (61.8) 190 (38.0) 1 (0.2) 

5. Do you try to lose weight? 

  183 (36.6) 307 (61.4) 10 (2.0) 

 

3.2 ECG Study 

In the KCMC OPD, 5439 total patients were screened for potential enrollment as 

age- and sex-matched HIV-uninfected controls. Of these, 499 were eligible for 

enrollment. One eligible participant from the KCMC OPD declined to participate and 

another participant from the KCMC OPD tested positive for HIV and was therefore 
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excluded from the study. This resulted in 497 HIV-uninfected participants. Age- and 

sex-matched controls were not identified for three MCTC participants prior to study 

conclusion; therefore these unmatched participants were excluded from the present 

analysis (Figure 2). 

 

Figure 2. Recruitment of study participants with HIV and without HIV, northern 
Tanzania, 2020-2021 

Participant demographics, medical comorbidities, and lifestyle behaviors of HIV-

infected and HIV-uninfected participants are summarized in Table 5. The mean (sd) age 

of HIV-infected participants was 45.4 (11.3) years, and the mean (sd) age of HIV-

uninfected participants was 44.9 (12.7) years (p=0.492). Of HIV-infected participants, 136 

(27.4%) were male and 136 (27.4%) of HIV-uninfected participants were also male. Of 

PWH, 496 (99.8%) were currently receiving ART, and 473 (95.6%) had achieved virologic 

suppression. Hypertension (OR 0.76, 95% CI: 0.59-0.98, p=0.037), diabetes (OR 0.38, 95% 
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CI: 0.22-0.63, p<0.001), and a sedentary lifestyle (OR 0.74, 95% CI: 0.57-0.95, p=0.021) were 

less common among HIV-infected participants, whereas participants with HIV were 

more likely to report daily fruit and vegetable consumption (OR 1.67, 95% CI: 1.10-2.57, 

p=0.016) and current tobacco use (OR 2.89, 95% CI:1.69-5.18, p<0.001; Table 5). No 

participant reported a known history of prior MI.  

 



 

 

Table 5. Characteristics of adults presenting for routine outpatient HIV care and HIV-uninfected controls matched for sex 
and age, northern Tanzania, 2020-2021 (N=994) 

 HIV-infected 
patients (N=497) 

HIV-uninfected 
controls (N=497) OR (95% CI) p 

 N (%) N (%) 
Male sex 136 (27.4) 136 (27.4) 1.00 (0.77-

1.32) 
1.000 

Age, mean (sd), years 45.4 
(11.3) 

 44.9 
(12.7) 

  0.492 

Secondary education 116 (23.3) 262 (52.7) 0.27 (0.21-
0.36) 

<0.001* 

Comorbidities       
Hypertension 172 (34.6) 204 (41.0) 0.76 (0.59-

0.98) 
0.037* 

Diabetes 21 (4.2) 52 (10.5) 0.38 (0.22-
0.63) 

<0.001* 

Self-reported personal history 
of MI 

0 (0) 0 (0)   

Self-reported family history 
of MI or stroke 

96 (19.4) 80 (16.1) 1.25 (0.90-
1.73) 

0.185 

Obese 99 (19.3) 96 (19.3) 1.04 (0.76-
1.42) 

0.811 

Lifestyle behaviors       
Current alcohol use 242 (48.7) 193 (38.8) 1.49 (1.16-

1.92) 
0.002* 

Current tobacco use 49 (9.9) 18 (3.6) 2.89 (1.69-
5.18) 

<0.001* 

Sedentary lifestyle 161 (32.4) 196 (39.4) 0.74 (0.57-
0.95) 

0.021* 
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Daily fruit and vegetable 
consumption 

62 (12.5) 39 (7.8) 1.67 (1.10-
2.57)  

0.016* 

HIV-related parameters       
HIV virologic suppression 
(<200 copies/ml)  

473a (95.6)a     

CD4, mean (sd), cells/mm3 487 
(261.7)b 

     

Years since HIV diagnosis, 
mean (sd) 

5.6 
(4.2) 

     

Current antiretroviral 
therapy 

      

     
TDF/lamivudine/dolutegravir 

468 (94.2)     

     Other 28 (5.6)     
     None 1 (0.2)     
History of protease inhibitor 
exposure 

13 (2.6)     

History of abacavir exposure 15 (3.0)     
Duration of antiretroviral 
therapy, mean (sd), years 

5.1 
(3.7) 

     

HIV: Human immunodeficiency virus 

TDF: Tenofovir disoproxil fumarate 

MI: Myocardial infarction 

a Viral load data not available for 2 of 497 participants 

b CD4 data not available for 7 of 497 participants 

*p<0.05  
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The ECG findings of participants are summarized in Table 6. Overall, ischemic 

ECG findings were significantly more common among participants with HIV than those 

without HIV, including prior MI (OR 4.97, 95% CI: 2.71-9.89, p<0.001) and myocardial 

ischemia (OR 1.67, 95% CI: 1.18-2.39, p=0.004). There was no significant difference in the 

proportion of participants with prolonged QTc among those with and without HIV (OR 

1.37, 95% CI: 0.68-2.83, p=0.384). 

Table 6. Electrocardiographic features of adults engaged in HIV care and HIV-
uninfected controls, northern Tanzania, 2020-2021 (N=994). 

 HIV-infected patients 
(N=497) 

HIV-uninfected 
controls (N=497) 

OR (95% 
CI) p 

 n (%) n  (%)   
Rhythm       
     Sinus 497 (100) 496 (99.8)   
     Other 0 (0) 1 (0.2)   
Ischemic 
findings 

      

     Prior MI 55 (11.1) 12 (2.4) 4.97 (2.71-
9.89) 

<0.001* 

     
Myocardial 
ischemia 

93 (18.7) 60 (12.1) 1.67 (1.18-
2.39) 

0.004* 

     Either 
prior MI or 
myocardial 
ischemia 

136 (27.4) 70 (14.1) 2.29 (1.67-
3.18) 

<0.001* 

Prolonged 
QTc 
interval 

19 (3.8) 14 (2.8) 1.37 (0.68-
2.83) 

0.384 

*p<0.05  

Table 7 summarizes associations between characteristics of patients with HIV 

and prior MI. On univariate analysis, prior MI was associated with male sex (OR 2.48, 

95% CI: 1.39-4.41, p=0.002), current tobacco use (OR 2.31, 95% CI: 1.03-4.82, p=0.044), and 
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lower BMI (mean 24.0 kg/m2 vs 25.4 kg/m2, p=0.043). On multivariate analysis, prior MI 

was associated with male sex (OR 2.05, 95% CI: 1.06-3.89, p=0.030) and family history of 

prior MI or stroke (OR 2.05, 95% CI: 1.05-3.88, p=0.031). 



 

 

Table 7. Associations between participant characteristics and ECG evidence of prior myocardial infarction among 
Tanzanian adults with HIV, 2020-2021 (N=497) 

 Participants 
with prior 
MI (N=55), 
n (%) 

Participants 
without 
prior MI 
(N=442), n 
(%) 

Unadjusted 
univariate 
OR (95% CI) 

Univariate 
p 

Adjusted 
multivariate 
OR (95% 
CI) 

Multivariate 
p 

Male sex 25 (45.5%) 111 (25.1%) 2.48 (1.39-
4.41) 

0.002* 2.05 (1.06-
3.89) 

0.030* 

Secondary 
education 

13 (23.6%) 103 (23.3%) 1.03 (0.51-
1.94) 

0.939   

HIV virologic 
suppression 
(<200 
copies/ml)a  

50 (94.3%) 423 (95.7%) 0.72 (0.23-
3.28) 

0.626   

History of 
protease 
inhibitor 
exposure 

2 (3.6%) 11 (2.5%) 1.57 (0.22-
6.15) 

0.597   

History of 
abacavir 
exposure 

4 (7.3%) 11 (2.5%) 3.13 (0.82-
9.70) 

0.090 3.05 (0.79-
9.79) 

0.076 

Hypertension 22 (40.0%) 150 (33.9%) 1.30 (0.72, 
2.30) 

0.377   

Self-reported 
family 
history of MI 
or stroke 

16 (29.1%) 80 (18.1%) 1.86 (0.97-
3.45) 

0.063 2.05 (1.05-
3.88) 

0.031* 

Obese 6 (10.9%) 93 (21.0%) 0.47 (0.17-
1.06) 

0.069 0.62 (0.17-
2.17) 

0.465 

24 



 

 

Current 
alcohol use 

28 (50.9%) 214 (48.4%) 1.10 (0.63-
1.95) 

0.730   

Current 
tobacco use 

10 (18.2%) 39 (8.8%) 2.31 (1.03-
4.82) 

0.044* 1.50 (0.62-
3.41) 

0.351 

Sedentary 
lifestyle 

13 (23.6%) 148 (33.5%) 0.62 (0.31-
1.16) 

0.141   

Daily fruit 
and 
vegetable 
consumption 

4 (7.3%) 58 (13.1%) 0.54 (0.15-
1.38) 

0.217   

Age, years, 
mean (sd) 

46.3 (12.3) 45.3 (11.2)  0.581 1.00 (0.98-
1.03) 

0.777 

CD4, 
cells/mm3 b, 
mean (sd) 

445.8 
(284.7) 

491.9 
(258.7) 

 0.264   

Years since 
HIV 
diagnosis, 
mean (sd) 

5.3 (4.2) 5.7 (4.3)  0.585   

Duration of 
antiretroviral 
therapy, 
mean (sd) 

4.7 (3.6) 5.1 (3.7)  0.454   

Body mass 
index, kg/m2, 
mean (sd) 

24.0 (4.7) 25.4 (5.1)  0.043* 0.99 (0.90-
1.08) 

0.760 

a Viral load data not available for 2 of 497 participants 

b CD4 data not available for 7 of 497 participants 

 

2 5 



 

 
26 

3.3 Qualitative Study 

Providers with various clinical degrees practicing in a range of healthcare 

settings and patients of a wide range of ages participated in the study. Detailed 

participant characteristics are presented in Table 8. The interviews revealed barriers to 

MI care across the care continuum and are presented according to the following 

domains: 1) perceptions and understanding, 2) diagnosis and treatment, and 3) long-

term care.  

Table 8. Characteristics of interview participants, northern Tanzania, 2021 (n=24) 
Providers (n=12) Patients (n=12) 
Sex  Sex  
     Male 6      Male 6 
     Female 6      Female 6 
Degree  Age, median (range)  
     Physician (MD) 4      47 (32-62)  
     Clinical Officer (CO) & 
Assistant Medical Officer 
(AMO)_  

4   

     Bachelor’s in nursing (RN) 2   
     Master of Medicine (MA) 2   
Practice Setting    
     Emergency Department 2   
     Outpatient Department 1   
     HIV clinic 9   

 

3.3.1 Barriers Related to Perceptions and Understanding of MI in 
PLWH 

Incomplete understanding of MI among providers and patients 
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 When asked to explain MI, about half the providers (n=7) were able to correctly 

explain the biomedical concept of an MI as a lack of blood flow to the heart. Most 

providers described an MI as something that “happens suddenly after receiving some 

shocking news” (Provider 2, MA), such as a diagnosis of HIV. This understanding of an 

MI as shock or stress in response to distressing news was also shared by several patients 

(n=5). A few patients indicated that they had never heard of the term MI or heart attack, 

even though their ECG displayed signs of prior MI.  

Provider and patient perceptions of MI risk in PLWH 

 When asked if MI is a common problem in PLWH, half the providers indicated 

that they did not think it was a common problem, and a few providers (n=2) indicated 

that they were unsure if MI is a common problem in PLWH because their facility does 

not have the resources to diagnose MI. Only a handful of providers (n=4) were aware of 

the biomedical relationship between HIV and increased risk of MI, and no patient 

indicated any knowledge that their HIV status puts them at higher risk for 

cardiovascular disease. One provider and a few patients (n=3) explained MI as a 

terminal illness: “there aren’t any other diseases more dangerous than Myocardial 

Infarction because even if they have other diseases, they can get medications for that” 

(Provider 2, MA, HIV Clinic).  
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3.3.2 Barriers Related to Diagnosis and Treatment of MI 

Inadequate provider training in MI diagnosis  

 When asked about MI symptom knowledge, most providers (n=7) were unable to 

identify any signs and symptoms of MI. Most of these providers indicated heart 

palpitations and heart racing were common MI symptoms and blood pressure 

measurement could be used to diagnose MI. In addition, some providers (n=4) reported 

that they would only suspect infectious diseases such as Tuberculosis and Pneumonia in 

a person with HIV complaining of chest pain.  

“I: Okay. Maybe what tests do you do for people with HIV that help you to identify that 

they are having a myocardial Infarction?  

R: We do tests like checking blood pressure, their blood glucose levels… although we 

don’t directly test ourselves. We send them to the lab through the doctor’s order. We 

check the blood pressure as per usual, we can check the blood pressure and weight as part 

of our normal investigations” (Provider 4, RN).  

While most providers (n=11) were aware that an ECG can be used to test for MI, 

only some providers (n=4) indicated that they were able to interpret an ECG. Moreover, 

only a minority of providers (n=5) had ever heard of cardiac biomarker testing for MI 

diagnosis, and few providers (n=3) were familiar with the national guidelines for MI 

diagnosis and treatment in Tanzania.  
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Finally, providers reported a lack of adequate experience, exposure, and training 

with MI. A few providers (n=4), especially those at health centers who routinely care for 

PLWH, indicated that they had never cared for an MI patient. Most providers (n=10) 

indicated that they did not receive any additional trainings other than the “shallow 

trainings” on MI and heart disease they had received in school; those with less training 

such as nurses indicated that more thorough training regarding cardiovascular disease 

was only available for physicians.  

Patient care-seeking behavior for MI symptoms  

Most providers (n=9) felt that limited patient awareness of MI is a major barrier to 

MI care in Tanzania; they believed that most patients with HIV do not seek care for MI 

symptoms and do not adhere to appropriate follow-up care after an MI event. When 

asked if a patient would seek care for cardiovascular symptoms such as acute chest pain 

and shortness of breath, only a few patients (n=3) indicated that they would seek 

medical care while many patients (n=5) indicated that they only seek emergency care 

when they felt very ill. Most patients (n=11) reported having attributed their chest pain 

to infectious diseases such as the flu and not heart disease, and one provider explained 

that “many [patients] think that when [they] have a chest pain it means you have 

Pneumonia so they buy antibiotics” (Provider 7, MD, Emergency Department).  
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In addition, both providers (n=6) and patients (n=4) indicated that stigma 

prevents patients from seeking appropriate MI care due to fear that they would need to 

disclose their HIV status to providers outside the HIV clinic.  

“I: For patients who can make it to the hospital, what challenges are they likely to meet?  

R: Some hide their symptoms. When they are sick they run to the HIV clinic because they 

know there is good confidentiality there. If they go to other healthcare facilities, they are 

afraid that their status will be disclosed to many people if their acute diagnosis is 

connected to HIV - maybe. Those who come with less critical conditions which are not 

supposed to be managed at the HIV clinic, they run to the HIV clinic instead of going to 

the emergency department. Confidentiality is an issue. Patients are trying hard to hide 

their status even when the disease is not connected to HIV and they have been reassured, 

they are still not confident enough to seek care in the right places” (Provider 6, MD, 

Outpatient Department).  

Resource-related barriers in MI diagnosis and treatment 

 Most providers (n=11) and patients (n=10) report that high out-of-pocket costs 

are a major barrier to accessing diagnostic tests and MI care in Tanzania. Participants 

stated that little can be done when a patient is unable to afford care other than 

encouraging them to ask family and friends for the funds or seeking temporary 

exemptions.  
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 In addition, most providers (n=11) reported that limited equipment in health 

facilities makes it difficult to diagnose and treat MI. Providers from HIV clinics 

indicated that they only have access to basic equipment like manual blood pressure cuffs 

and even these machines are not reliable. Providers who work at larger hospitals also 

reported equipment-related barriers to MI diagnosis.  

“Rarely, you will find that the BP machines are faulty. When you want to check the blood 

pressure, you can’t at that particular time because the only BP machine has been taken 

somewhere else” (Provider 4, RN).  

“Yes, there are challenges because there are few ECG machines. I think we only have 2. 

One is in the cardiac clinic and it is new. There used to be only 1 for the entire hospital so 

you can see a hospital caring for about 1,000 patients has only 1 ECG machine” 

(Provider 10, MD).  

3.3.3 Barriers Related to Long-term Care of MI 

Missed opportunities for MI care along care pathways   

 Even though every single patient’s ECG indicated evidence of prior MI, no 

patient indicated that they had ever been formally diagnosed with MI. This is likely due 

to the fact that most patients (n=11) reported only receiving routine HIV-care and denied 

seeking regular medical care outside of the HIV clinic. Furthermore, many patients (n=6) 

stated that they had never been screened for cardiovascular risk factors or like 
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hypertension and diabetes, and all reported that such screening was not routine practice 

at their HIV clinic. Even among those who had been previously diagnosed with 

cardiovascular comorbidities, patients reported little engagement with 

noncommunicable disease care: four patients reported having hypertension and 

diabetes, but only one patient was currently seeking care for treatment of their 

noncommunicable disease. This poor engagement in cardiovascular disease care was in 

stark contrast to high levels of engagement with HIV-care: all patients stated that they 

routinely attended appointments at their HIV clinics and adhered to their antiretroviral 

medications as prescribed.  

“I: Were you told that you have a high blood pressure?  

R: Yes, I was told.  

[…] 

I: Have you ever received treatment for your high blood pressure?  

R: No.  

I: Why?  

R: Because it mostly goes high. Sometimes it goes low sometimes it is normal, it’s very 

unstable. We might check it now and find it to be normal or very low to 90 [systolic].  

I: Have you ever seen the doctor for advice on what to do?  

R: Yes, I have. 

I: How did they advise you?  
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R: To drink a lot of glucose solution, avoid noisy areas and avoid quarrels.  

I: Were you advised on using medication?  

R: No.” (Patient 6).  

Many health facilities are not equipped to provide robust long-term MI care.  

Most providers (n=11) reported facility-related barriers related to long-term MI 

treatment, such as a lack of medications for cardiovascular conditions. For example, 

providers at HIV clinics stated that their pharmacies only stock HIV-related 

medications. Other providers described overburdened health systems with long wait-

times, and a lack of specialized providers including a dearth of cardiologists. These 

limitations, combined with the lack of equipment in health facilities and inadequate 

provider training discussed above, require many health centers to refer patients with 

cardiovascular disease to tertiary care centers or specialized cardiac clinics for care. Most 

providers (n=8) attested that the only long-term MI care they provide for patients is 

lifestyle counseling; some indicated that they provide short-term medications and ask 

patients to follow-up with an outside provider within weeks of their cardiac event, but 

no long-term care outside this was reported:  

“I: Let’s say if a patient was here, could they get extra treatment like counselling…  

R: [interrupted] They can get counselling.  

I: For Myocardial Infarction patients living with HIV? 

R: Yes. They can get counselling advice but on treatment we can mostly link them to 
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another facility so that they can get medication if available. If they are not available, they 

are referred to where they can get the medication” (Provider 4, RN).  

Providers and patients prefer to include cardiac care with routine HIV-related care.  

When asked about the possibility of integrating cardiac services into routine HIV 

care, all but two providers responded positively, stating that it would be beneficial to 

have a “one-stop shop where [patients] get all their services in one place” (Provider 12, 

AMO). However, all providers expressed feasibility concerns in integrating 

noncommunicable disease care into routine HIV care: they were worried that the setting 

did not have the capacity and providers lacked skills in integrating CVD care at the HIV-

clinic. Patients were also interested in receiving cardiovascular care at their HIV clinic; 

the majority (n=8) stated that they typically seek information and care for 

noncommunicable conditions from providers at the HIV clinic first and would prefer to 

receive care for their cardiac risk factors and conditions at the HIV clinic.  
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4. Discussion 
 This study is among the first to explore IHD burden, perceptions, and barriers 

among PLWH in SSA. We found a moderate level of IHD knowledge among PLWH, 

with lower knowledge scores associated with low levels of education and low five-year 

cardiovascular risk. We also found relatively positive attitudes towards self-efficacy and 

willingness to adopt healthy lifestyle practices with regards to IHD, but less than ideal 

rates of appropriate subsequent preventative practices. In the ECG study, we found 

significantly higher prevalence of ischemic ECG findings among PLWH than age- and 

sex- matched controls without HIV. Although nearly all participants had well-controlled 

HIV, more than one in four had either prior MI or myocardial ischemia by ECG. The 

qualitative study identified barriers to MI care across the entire care continuum, 

including understanding, diagnosis, and care. These findings call attention to the need 

for further study of IHD as well as interventions to bridge the specific gaps in 

knowledge and improve IHD prevention and treatment efforts among PLWH in SSA.  

The average knowledge score of 5.6 among PLWH is consistent with our findings 

in a previous cohort of non-HIV infected patients in Tanzania, who scored an average of 

4.8 on the KAP survey and indicated similar trends in answers across the questions.28 

Similar to prior research that found low levels of causes and symptoms of stroke and 

findings from non-HIV infected adults in SSA, only half the participants were able to 
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recognize that an MI is different from stroke.20,28,34 Consistent with findings in non-HIV 

infected adults, less than half the participants recognized diabetes as a risk factor for 

IDH and few participants recognized the potential benefit of aspirin in the secondary 

prevention of MI or stroke.28 Aspirin for secondary prevention is a WHO best buy for 

non-communicable diseases, and given that PLWH are at increased risk for CVD, 

initiatives to improve awareness and uptake of aspirin among PLWH could prove 

beneficial.35 Finally, patients with higher levels of formal education demonstrated better 

IHD knowledge, consistent with what has previously been shown in SSA and 

elsewhere.21,28,36 This suggests that educational interventions should address these 

specific knowledge gaps and may need to be targeted to PLWH with low levels of 

literacy and education.  

Patient attitudes towards IHD were generally positive. Compared with non-HIV 

infected participants, PLWH indicated higher self-efficacy and internal control over their 

heart health and generally high levels of trust in “western” medicine and providers to 

diagnose and treat heart attacks.28 This may be because PLWH attending regular HIV 

care perceive that they have substantial control over their own health and have made 

lifestyle changes to take care of their HIV, making them particularly receptive to patient-

centered interventions to prevent IHD. PLWH also indicated that they were willing to 

make behavioral changes such as losing weight or changing their diets to improve their 

heart health. 
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Similar to the findings of a study among non-HIV infected Tanzanians, there was 

a disconnect between the overall positive attitudes towards lifestyle changes and low 

uptake of preventative practices among our participants with HIV.28 Researchers in 

high-income settings found that a high knowledge of cardiovascular risk factors in 

PLWH did not indicate adequate engagement in preventative practices and identified 

high levels of cardiovascular medication nonadherence in those who had achieved viral 

load suppression.37,38 The reasons for this disconnect warrant further exploration.  

The 27% prevalence of ischemic ECG findings observed in our study population 

is substantially higher than the 9% prevalence reported among adults with HIV in 

Uganda.17 Additional study is needed from across the region to determine whether the 

high burden of prior MI and myocardial ischemia observed in PWH in Tanzania is 

representative of other countries in the region. Notably, the prevalence of ischemic ECG 

findings observed among PWH in our study is  similar to what has been reported in 

cohorts from Europe and North America.39 In these high-income settings, considerable 

attention has been paid to the rapid increase in CVD burden among PLWH as HIV care 

improves and the HIV population ages.40 There has been less study of the looming 

burden of CVD in SSA, where the world’s largest HIV-infected population is aging 

rapidly.41 Our findings suggest that the burden of ischemic heart disease in our setting 

may already be substantial, particularly among those whose HIV is well-controlled.  
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Importantly, both prior MI and myocardial ischemia were significantly more 

common among participants with HIV than age- and sex-matched participants without 

HIV in our study. ECG evidence of prior MI, for example, was approximately five times 

more common among participants with HIV. This finding is consistent with evidence 

from high-income settings that HIV is an independent risk factor for MI.1 Notably, 

hypertension and diabetes were significantly more prevalent among participants 

without HIV, making the higher prevalence of ischemic ECG findings among 

participants with HIV all the more remarkable. 

Of particular concern, over 10% of participants with HIV had ECG evidence of 

prior MI but none of them were aware of a history of prior MI. This discrepancy 

suggests that there may be a large burden of silent or unrecognized MI among PWH in 

Tanzania. Prior study in Tanzania has demonstrated that under-diagnosis of MI is 

common,9 due in part to inadequate physician training, a lack of diagnostic equipment, 

and limited patient understanding of the disease.42 Given these limitations as well as the 

well-described association between HIV and subclinical atherosclerosis,43–45 the high 

prevalence of silent or unrecognized MI in our HIV-infected cohort is unsurprising. In 

our study, men and patients with a family history of CVD were at higher risk for having 

prior MI, so special attention to these groups may be needed in MI screening programs 

for PWH in Tanzania. Given evidence of a large burden of undiagnosed ischemic heart 

disease among PWH in our setting, interventions are needed to improve screening for 
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ischemic heart disease and its risk factors. ECG screening may be a cost-effective 

approach for screening in resource-limited settings like Tanzania. Given the very low 

prevalence of prior MI among participants without HIV, our study was underpowered 

to assess differences in correlates of prior MI among those with and without HIV. A 

larger study is needed to determine whether there are significant differences in MI risk 

factors among adults with and without HIV in Tanzania. 

QTc prolongation was found in only 4% of participants with HIV, significantly 

less than what has been reported in similarly-aged adults with HIV in high-income 

settings.46 For example, studies in high-income settings have reported a prevalence of 9 

to 20% among PWH.47–49 Lower prevalence of prolonged QTc in Tanzania may be due to 

less frequent use of QTc-prolonging medications in this setting. Further study is 

warranted to determine whether QTc prolongation is indeed rare among PWH 

elsewhere in SSA and to identify risk factors for prolonged QTc among PWH in the 

region. 

We identified limited biomedical understanding of MI and inaccurate risk 

perceptions of IHD among PLWH and some of their providers, with many providers 

and patients explaining shock and stress to be the cause of heart disease and MI. Prior 

surveys and qualitative studies conducted in SSA among both HIV-infected and HIV-

uninfected populations found that few patients were able to explain or identify the signs 

and symptoms of a heart attack.20,50,51 Similarly, participants explained that emotional 
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stress or diet as a cause for cardiac risk factors, such as hypertension, and MI.19,20,34,50 A 

myriad of studies from high-income settings have found that poor cardiovascular 

disease knowledge is linked to poorer adherence to preventative practices and health 

outcomes, highlighting the need for educational interventions to improve cardiovascular 

health literacy among both patients and providers in SSA.22–25 

 Moreover, we identified multiple other barriers to high-quality MI care among 

PLWH in Tanzania, including poor provider training and experience regarding MI 

diagnosis, delayed patient care-seeking behaviors, a lack of diagnostic equipment, and 

high costs of care. Most providers reported no continued or on-the-job training 

regarding cardiovascular disease and a general lack of experience in MI care, which is 

consistent with prior studies that found inadequate provider training as a barrier to 

CVD care in SSA.42,52 Furthermore, poor patient MI symptom knowledge and a 

perception that MI symptoms such as chest pain were mostly caused by infectious 

diseases prevented PLWH from seeking appropriate care. Providers at all facility levels 

reported equipment shortage as a barrier to MI diagnosis: those at HIV clinics indicated 

that they did not have reliable access to blood pressure machines and those in the 

emergency department reported shortages in ECG machines and cardiac biomarker 

testing. These equipment shortages likely result in delayed diagnosis at each level of 

care and require providers to refer patients to more advanced and more distant facilities. 

Finally, most patients and providers also reported high costs associated with diagnostic 
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testing and treatment as important barriers to care. Both equipment- and cost-related 

barriers are frequently reported as barriers to CVD care in SSA in existing 

literature.18,42,52,53 Since MI is a potentially life-threatening emergency—survival is 

reduced by 20 percent in patients who are initially misdiagnosed54–56—these findings 

indicate the need for interventions to improve provider training and patient access to 

facilities that are equipped to diagnose MI.  

We also found poor routine engagement with IHD risk factor care prior to MI 

diagnosis and poor engagement with long-term care after MI diagnosis. This is 

consistent with our KAP study, which found low uptake of preventative practices and 

infrequent engagement with a primary care provider. All but one of the patient 

participants reported that the only routine healthcare that they access is their HIV care, 

and many patients indicated that they had never been screened for CVD risk factors 

before. This lack of access to screening and treatment for cardiovascular risk factors such 

as hypertension and diabetes has been observed elsewhere in SSA.26,57,58 These findings 

are not surprising considering that primary healthcare systems remain underdeveloped 

in SSA, making the management of the growing burden of chronic CVD conditions 

difficult.59–61 Moreover, the qualitative data presented here suggests that the existing HIV 

healthcare system was not currently equipped to provide long-term care for PLWH 

diagnosed with MI. Most HIV-clinics and pharmacies were not stocked with CVD 

drugs, requiring the patient to go to two locations if they needed both drugs. These 
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siloed systems limiting access to common CVD medications and hindering follow-up 

care were also identified in other studies, including one among PLWH with 

hypertension in the same region.19,52,53 These barriers to primary and secondary 

prevention point towards the need for interventions to improve health systems in 

screening for IHD and linkage to long-term care. Most patient and provider participants 

preferred integrating IHD care services into MI care to promote ease and accessibility of 

these services for PLWH. Increasing screenings and providing basic IHD care along with 

routine HIV care could provide these high-risk populations with better cardiac care.  

4.1 Study strengths and limitations 

4.4.1 Knowledge, Attitudes, and Practices Survey 

This study has several limitations. First, like any survey, responses may be 

susceptible to social desirability bias as patients may have been more likely to report 

positive attitudes and behaviors towards IHDs if they felt those responses would have 

been more socially acceptable. Second, although the KAP survey was developed and 

previously used in Tanzania, its psychometric properties are unknown. Third, we relied 

upon patient self-report for comorbidities such as hypertension and diabetes. Since the 

majority of PLWH are not aware of these comorbidities, this likely resulted in an 

underestimation of patient comorbidities and the subsequent five-year cardiovascular 

risk based on these comorbidities. Finally, while we used a widely validated method for 
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estimating five-year cardiovascular risk, this method has not been specifically validated 

in PLWH. Given the known increased cardiovascular risk in PLWH, this model may 

have underestimated the risk of a cardiovascular event in our population.  

4.4.2 ECG Study 

This study has several strengths. First, few approached individuals refused to 

participate in the study, limiting the non-response bias from individuals who chose not 

to participate. Second, we used ECG testing to identify prior MI. Prior research finds 

that MI is grossly underdiagnosed in northern Tanzania, so this is a more objective 

method in identifying MI cases .9   

 This study had several limitations. First, we enrolled participants with HIV from 

those who were actively engaged in HIV care; thus, our findings may not be 

generalizable to patients with undiagnosed HIV or those who are not engaged in care. 

Secondly, we recruited age- and sex-matched participants without HIV from those 

seeking routine care in the same community, but there were likely other important 

differences between participants with and without HIV which may have confounded 

our results. For example, hypertension and diabetes were more common among 

participants without HIV, which may have led to an underestimation of the effect of 

HIV on MI risk in our study. Furthermore, because routine non-HIV care in Tanzania 

generally requires out-of-pocket charges, participants without HIV may have been more 
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socioeconomically advantaged than those with HIV.37, 38 Thirdly, although we used 

universal guidelines to define ECG evidence of myocardial ischemia and prior MI,16 

ECG findings such as Q waves have limited sensitivity (66-90%) and specificity (85%-

90%) for detecting ischemic heart disease when compared to more advanced modalities 

such as cardiac magnetic resonance imaging.38, 39 Unfortunately, given resource 

limitations at our study site, obtaining cardiac magnetic resonance imaging, 

echocardiography, and coronary angiography for our participants was not possible. As 

access to these modalities improves in Tanzania, additional study will be needed to 

further characterize ischemic heart disease in this population. Nevertheless, even in the 

absence of known prior MI, pathologic Q waves have been shown to be strongly 

predictive of future MI and death,40 highlighting the need for interventions to prevent 

future cardiovascular events in our study population. Furthermore, we only had access 

to participants’ most recent CD4 and viral load data; analysis of longitudinal data 

including CD4 nadir and cumulative viral load may have identified additional 

predictors of ischemic ECG findings. Finally, our study may have been under-powered 

to identify all possible predictors of prior MI among study participants. We observed an 

association between abacavir exposure and prior MI, for instance, and this association 

may have been statistically significant with a larger sample size. 
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4.4.3 Qualitative Study 

 This study has several strengths. First, this study explores a diverse set of 

provider and patient perspectives and experiences by purposively interviewing 

providers across different settings and patients from different backgrounds. Second, all 

interviews were conducted by local research assistants in Swahili, allowing for better 

rapport between the interviewer and interviewee.  

 This study also has several limitations. First, providers’ and patients’ replies may 

have been influenced by social desirability bias; they may have listed fewer barriers or 

responded with what they thought the interviewers wanted to hear. Second, this study 

only recruited PLWH currently engaged with HIV-care and does not capture the 

experiences of individuals with undiagnosed or untreated HIV.  

4.2 Implications for policy and practice  

Our preliminary research in Moshi finds that that the burden of IHD and its risk factors 

among PLWH in Tanzania is substantial, but CVD care is often neglected in these 

populations. These findings have several important policy implications:  

1. Integrate HIV and non-communicable disease (NCD) care in Tanzania’s national 

strategic health plans. Currently, Tanzania has two separate plans that delineate its 

vision in tackling the HIV and NCD burden in the country, and neither plan 

acknowledges the link between NCDs and HIV or promotes the integration of 
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services.62,63 This should be changed to acknowledge the biomedical association 

between HIV and NCDs.  

2. Improve provider- and patient-level knowledge of the association between HIV and heart 

disease. In individual provider and patient interviews, we found that most 

providers and patients are unaware of the increased risk of cardiovascular 

complications in HIV-infected individuals. Updated provider training curricula 

and implementing patient educational programs to address these knowledge 

gaps improve cardiovascular care and outcomes in this high-risk population.  

3. Equip health facilities with the infrastructure to provide basic cardiovascular care 

alongside routine HIV care. Many HIV-clinics in Tanzania lack basic equipment, 

including blood pressure cuffs, and are unable to screen for CVD risk factors. 

The Ministry of Health should consider conducting facility assessments to ensure 

that these facilities have working diagnostic equipment and that pharmacies are 

stocked with medications to treat conditions such as diabetes and hypertension. 

A rigorous cost-benefit analysis of these proposed improvements would 

strengthen the case for such action by the Ministry of Health. 

4. Strengthen health workforce in the provision of NCD care in routine HIV care. In 

Tanzania, there exist separate care systems to address patients’ HIV needs and 

cardiovascular needs. The Ministry of Health should consider ensuring that at 
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least one nurse trained in NCDs is present at each HIV-care clinic to better 

integrate care across these two conditions.  

5. Include frequent cardiovascular screenings in routine HIV care. In Tanzania, PLWH 

are rarely screened for cardiovascular risk factors during their routine check-up 

at the HIV clinic and oftentimes do not speak to a single provider about both 

conditions. As part of routine and periodic work-up, those with HIV should also 

be screened for these conditions and followed-up with appropriate subsequent 

care. Studies have found that including primary care services such as 

hypertension, diabetes, hyperlipidemia screenings and provision of anti-

hypertensives and further linkages to care is feasible and may provide some 

improvements in increasing PLWH access to NCD care.64–67 

6. Decrease cost barriers in cardiovascular care. We found that many patients and 

providers reported cost as an important barrier in accessing preventative care 

such as screenings, diagnostic tests, and medications. The Ministry of Health 

should consider ways to reduce out-of-pocket expenses for basic cardiovascular 

medications such as antihypertensives and aspirin. Aspirin has been identified a 

WHO “best buy,” for reducing noncommunicable disease burden and particular 

attention should be paid to increasing access to this medication.  
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4.3 Implications for further research 

 This study identifies a large undiagnosed burden of MI among PLWH, specific 

gaps in IHD knowledge among PLWH, and barriers to diagnosis and treatment of MI 

among PLWH. Further research is needed to describe IHD burden and barriers to care 

among PLWH elsewhere in SSA, and implementation-based research to develop 

interventions is needed to improve MI care among Tanzanians living with HIV. 
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5. Conclusion 
As life expectancy among PLWH in Tanzania continues to grow, PLWH are at 

increased risk for CVD, including MI. In northern Tanzania, PLWH had moderate levels 

of IHD knowledge and positive attitudes towards increasing uptake of preventative 

practices, but prior MI and myocardial ischemia were more common among this 

population, and multiple barriers to care prevent PLWH from accessing adequate MI 

care. Further study is needed to describe CVD in PLWH and improve care in this 

population.  
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Appendix A. Knowledge, attitudes, and practices 
regarding Ischemic Heart Disease.  
 
Knowledge Questions 

1. A stroke and a heart attack are the same thing.  
2. A heart attack is when the heart does not receive enough blood supply.  
3. High blood pressure increases the chances of having a heart attack.  
4. Diabetes increases the chances of having a heart attack.  
5. Salty foods increase the chances of having a heart attack.  
6. A lack of exercise increases the chances of having a heart attack. 
7. High cholesterol increases the chances of having a heart attack. 
8. Obesity increases the chances of having a heart attack. 
9. Old age increase the chances of having a heart attack.   
10. Taking an aspirin every day reduce the chances of having a second heart attack or 

stroke if you’ve already had one.  
Attitudes Questions 

1. Heart attacks are common in my community. 
2. Heart attacks are common in my community. 
3. If a doctor told me I was having a heart attack, I would be scared. 
4. I would prefer to use medicines from a doctor more than traditional medicines 

from a traditional healer for a heart attack.  
5. There are things I can do to reduce my chances of having a heart attack. 
6. Doctors here can diagnose and treat heart attacks. 
7. I am ready to reduce the amount that I eat to improve my health. 

Practices Questions 
1. Do you currently take medicines every day as instructed by your doctor? 
2. Do you exercise more than twice weekly? 
3. Do you go to the doctor regularly for health check-ups? 
4. Do you limit the amount of salt you use in your food so you don’t develop health 

problems? 
5. Do you try to lose weight? 

*the answer choices include yes, no, and don’t know 
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Appendix B. World Health Organization (WHO) 
STEPwise Approach to NCD Risk Factor Surveillance 
(STEP) Survey, 2017 
 
Section 1. Eligibility screening 

1. Did the patient sign informed consent form? Yes/No 
2. Is the patient 18 years of age or older? Yes/No 
3. Is the patient being seen at Majengo CTC for confirmed HIV? Yes/No 

 
Section 2. General Information 

4. Study ID 
5. Today’s Date 
6. Where is the patient being enrolled?  
7. Gender of the respondent? Male/Female 
8. Provide the age (in years) of the respondent 
9. What region do you live in? Kilimanjaro/ Outside Kilimanjaro. Specify “Other” 

region.  
10. What district do you live in? Hai/ Moshi Rural/ Moshi Urban/ Mwanga/ Rombo/ 

Same/ Siha 
11. What village do you live in?  
12. Did you fill out the participant contact information form? Yes/No 
13. What is your highest completed level of formal school education? None/ Some 

primary/ Completed primary/ Some secondary/ Completed secondary/ Some 
college/ Completed college 

14. What is your tribe? Chagga/ Pare/ Sambaa/ Masaai/ Meru/ “Other tribe.” Specify 
“other.” 

15. What kind of health insurance do you have? NHIF/ NSSF/ AAR/ iCHF/ Alliance/ 
Jubilee/ Strategies/ WCF/ NIC/ PPF/ Resolution Insurance/ Maxinsure/ GA 
Insurance/ none/ “Other.” Specify “other.”  

16. Household income 
 
Section 3. The next set of questions will be about your medical history 

17. Have you ever used tobacco products? Yes/No 
18. Do you currently use tobacco products? Yes/No 
19. Have you ever consumed alcohol? Yes/No 
20. Have you consumed alcohol in the past year? Yes/No 
21. In a typical week, on how many days do you eat vegetables?  
22. In a typical week, on how many days do you eat fruit?  
23. Do you have any history of these medical problems: hypertension, diabetes, 

hyperlipidemia, heart disease, stroke, kidney disease?  
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24. Please specify the kind of heart disease 
25. How much time do you usually spend exercising each day such as walking fast, 

running, biking, carrying heavy objects, or digging ditches?  
26. Have any of your blood relatives ever had a heart attack or stroke?  
27. Other than ARVs, please specify all medications you are currently taking  

Section 7. Vital Signs 
28. Systolic blood pressure 
29. Diastolic blood pressure 
30. Pulse 
31. Weight (kg) 
32. Height (cm) 

 
Section 8. Glucose 

33. Random blood glucose 
34. Have you had anything to eat or drink today (other than water)?  
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Appendix C. Structured interview guides for the in-depth 
interviews on barriers to Myocardial Infarction care in 
people living with HIV.  
Providers 

1. Can you tell me more about your profession and your role caring for MI patients? 
Where do you work? 

a. What is your degree/training? 
b. When did you graduate from medical school and how long have you been 

practicing in your current environment? 
2. Provider perceptions of MI in PLWH & Experience  

If a patient with HIV complains of chest pain or shortness or breath, what 
potential diagnoses would you suspect to be the cause?  

3. Is MI a common diagnosis among PLWH? Why or why not?  
4. Are patients with HIV more likely to experience cardiovascular disease like MI? 

Why or why not? 
a. Do you think cases of MI are sometimes missed in your environment?  

i. Why are the diagnoses missed?  
ii. What could be done to reduce the number of missed diagnosis?  

5. On a scale of 1-10, how big of a problem do you think MI is among patients 
living with HIV in Tanzania, with 1 being no problem and 10 being a very big 
problem?  

a. Why?  
b. Do you think that it is a problem that is becoming more common, less 

common, or has it stayed about the same over the past 10 years? 
c. Do you think there are other problems that are more serious than MI for 

these patients? 
6. How comfortable are you with managing MI in PLWH?  

a. What type of training did you receive for diagnosing and caring for MI in 
PLWH?  

b. How often do you have the chance to diagnose and care for patients with 
MI in these populations? How many patients in the past 6 months?  

c. Are you aware of any national guidelines for MI management in PLWH? 
If yes, how did you become aware? What experience do you have with 
using the guidelines? 

d. Are you aware of any hospital guidelines for MI management in PLWH? 
If yes, how did you become aware? What experience do you have with 
these guidelines?  

7. Current Diagnosis 
How do you and your colleagues diagnose MI?  
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a. What kind of symptoms do PLWH experiencing MI present with in 
Tanzania?  

b. What kind of testing is usually performed on PLWH to confirm suspected 
MI in your work environment?  

i. Where would patients with HIV go if they were to develop an MI? 
Is this the appropriate place for them? 

ii. How often do you order an ECG to confirm suspected MI?  
1. Do you or other providers in your work environment feel 

comfortable interpreting ECGs?  
2. What kind of training do you or other providers in your 

work environment have in interpreting ECGs?  
iii. How often do you or other providers order a troponin test to 

confirm suspected MI in a PLWH?  
1. How do you interpret the results?  

8. Treatment 
How is MI for PLWH generally treated in your work environment?  

a. What medications are given for MI for PLWH in your ED? Why?  
b. Do patients receive any additional treatment or counseling?  

i. Are they suggested to make lifestyle modifications? If not, why 
not?  

c. What kind of care is given for patients after they leave your ED care?  
d. Do patients receive any long-term treatment or medications following 

hospital discharge? Why or why not?  
i. What kind of treatments? 

ii. Are other cardiovascular conditions associated with MI like 
hypertension, diabetes, high cholesterol common in PLWH in 
Tanzania? How are these conditions managed? 

e. How do you explain an MI diagnosis to your patients with HIV?  
9. Barriers 

We are trying to understand the barriers to MI for individuals with HIV in 
Tanzania. What would you say are barriers to effective MI diagnosis and 
treatment in PLWH? 

a. Are there any provider-related barriers?  
b. Are there any hospital/system/equipment-related barriers?  
c. Are there any patient-related barriers? 

i. What prevents patients from going to the hospital?  
ii. What are some challenges patients face?  

iii. What prevents patients from receiving the recommended follow-up 
care or attending follow-up appointments?  

iv. What are challenges patients face in regards to cost of care? 
1. What is done if the patient cannot afford the necessary 

testing or treatment? 
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v. As a provider, do you think your patients understand their 
diagnosis of MI?  

10. Thank you for your time, is there anything else you want to say before we 
conclude? 

 
Patients 

1. Besides HIV, do you seek treatment for any other health conditions?  
a. Do you suffer from any cardiovascular comorbidities such as diabetes, 

high cholesterol, hypertension?  
b. Since diagnosis, how have you been managing such conditions?  

i. Have you been prescribed medication? Do you take these 
medications? Do you take regularly take medications to manage 
your HIV?  

ii. Have you ever been advised to make any lifestyle changes? Can 
you tell me more about that? 

1. Which and to what extent did you make these changes?  
iii. Do you receive regular care and check-ups for your heart health?  
iv. Where do you currently receive care for cardiovascular conditions, 

like heart disease, high blood pressure, diabetes? Would you prefer 
to receive care for this conditions at the CTC? Why or why not? 

c. If you have any questions about your diagnosis or treatment for your heart 
condition, do you know how to get them answered?  

2. Have you ever been diagnosed with a heart attack or heart disease? If yes: 
a. Tell me more about this 

i. What symptoms did you experience that led you to seek care?  
b. When did this happen? 
c. How did you learn this information? Were you provided a counseling 

session after your diagnosis?  
d. Were there any delays in your diagnosis? Did you seek care immediately? 

Did you doctors make the diagnosis immediately? 
i. How long did it take between first experiencing symptoms and 

being diagnosed?  
3. If patient denies ever having been diagnosed with heart disease:  

a. Have you ever had episodes of chest pain or shortness of breath? 
i. Tell me more about this? 

ii. What did you think those symptoms meant?  
iii. Did you seek any care for the symptoms? Why or why not?  
iv. Did you receive a diagnosis?  

4. Perceptions of MI 
a. How would you rate your current health on a scale of 1 to 10, 1 being very 

poor in health and 10 being very healthy?  
i. Why?  
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b. Are you more worried about your heart problems or your HIV? (If no 
known history: if you had heart attack, would you be more worried about 
your HIV or your heart disease?) 

c. Do you think your heart disease and your HIV are related? (If no known 
history: does HIV increase your risk of heart disease?) 

d. Do you think your HIV makes you more or less likely to have a heart 
attack? Or are they unrelated? 

e. Since the diagnosis, do you think there is a change in your perception of 
your abilities?  

5. Accessing care as a PLWH 
a. Do you think it is harder to access care for your heart condition as a 

person living with HIV?  
i. If so, why? 

ii. Where should a patient who has both HIV and heart disease go to 
receive care?  

1. Do your HIV doctors and nurses know about treating heart 
disease? 

6. We are trying to understand the barriers to heart attack care for individuals with 
HIV in Tanzania. What would you say were the biggest hurdles for you in 
accessing care?  

a. Were there any cost-related concerns that delayed you in seeking care?  
b. After you decided to seek care, were there any barriers that prevented you 

from accessing a provider or scheduling an appointment?  
c. If you have known heart disease, do you think you would experience any 

challenges in getting care for your heart disease? 
7. Thank you for your time, is there anything else you want to say before we 

conclude? 
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