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Abstract

Objectives: To determine the prevalence of cardiovascular disease (CVD) risk factors and
explore associations with high-sensitivity cardiac troponin (hscTnl) and high-sensitivity C-
reactive protein (hsCRP) in people living with HIV (PLHIV) in Kenya.

Design: Cross-sectional study

Settings: Community HIV clinics across two sites in Nairobi, Kenya

Participants: 200 PLHIV (=30 years with no prior history of CVD)

Primary and secondary outcome measure: Prevalence of cardiovascular risk factors abd its
association with hsTnl and hsCRP levels.

Results: Across 200 PLHIV (median age 46 years, IQR 38-53; 61% females), the prevalence
of hypercholesterolemia (>6.1 mmol/L) and hypertension were 19% (n=30/199) and 30%
(n=60/200), respectively. Smoking and diabetes prevalence was 3% (n=5/200) and 4%
(n=7/200). HscTnl was below the limit of quantification (<2.5 ng/L) in 65% (n=109/169). 38%
(n=75/198), 33% (n=65/198) and 29% (n=58/198) had high (>3mg/L), intermediate (1-3mg/L)
and low (<Img/L) hsCRP levels, respectively. Framingham laboratory-based risk scores
classified 83% of PLHIV at low risk with 12% and 5% at intermediate and high risk. Older age
(adjusted odds ratio [aOR] per year increase 1.05, 95% confidence interval [CI] 1.01-1.08) and
systolic blood pressure (140—-159mmHg [aOR 2.96; 95%CI 1.09-7.90] and >160mmHg [aOR
4.68, 95%CI 1.55-14] compared to <140 mmHg) were associated with hscTnl levels. No
associations were observed between hsCRP and CVD risk factors.

Conclusion: The majority of PLHIV - using traditional risk estimation systems - have a low
estimated CVD risk likely reflecting a younger aged population predominantly consisting of
women. Hypertension and hypercholesterolemia were common whilst smoking and diabetes
rates remained low. Whilst hscTnl values were associated with increasing age and raised blood
pressure, no associations between hsCRP levels and traditional cardiovascular risk factors were

observed.
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Introduction

More than 35 million people are infected with the human immunodeficiency virus (HIV) with
two-thirds being resident in sub-Saharan Africa.! Although the global incidence for HIV has
stabilised, the wide availability of combined antiretroviral therapy (ART) has dramatically
improved survival, resulting in a steady increase in prevalence over the last two decades.?
This improvement in survival has been primarily attributed to a reduction in opportunistic
infections especially in low- and lower-middle-income nations. Conversely, mortality due to
non-communicable illnesses especially cardiovascular disease has been rising and now account

for the majority of deaths in people living with HIV (PLHIV).! 47

People living with HIV - based on studies in high-income countries - have a higher risk of
cardiovascular disease.?® Despite this higher risk, previous studies have indicated that PLHIV
in sub-Saharan Africa have a lower prevalence of traditional cardiovascular risk factors in
comparison to uninfected individuals.® !0 Strategies to risk stratify and mitigate cardiovascular
disease in this population is now urgently required but is challenging in resource limited
nations!! and it remains unclear on optimal approaches with recommendations differing across

regions globally.!?

In a cross-sectional study of PLHIV in Kenya, we evaluate the prevalence of traditional
cardiovascular risk factors and the distribution of estimated cardiovascular risk using
traditional risk scores. We further explore the distribution of markers of myocardial injury and

inflammation in this population.
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Methods

Study Setting and population

This was a cross sectional study that conveniently sampled PLHIV >30 years of age receiving
care at the Aga Khan University Hospital and Coptic Hope Center for Infectious Diseases in
Nairobi, Kenya from July 2019 to May 2020. Aga Khan University Hospital is a fee-for-service
tertiary care centre generally serving a more affluent population whilst the Coptic Hope Center
for Infectious Diseases is a Centre of Disease Control President's Emergency Plan For AIDS
Relief funded institution to provide free antiretroviral therapy to Kenyans who are unable to
afford HIV care and treatment.'® Participants with known cardiovascular disease (previous

myocardial infarction or stroke) were excluded.

Study procedures and blood sampling

All participants completed a standardized questionnaire to capture data on demographics,
including self-reported cardiovascular risk factors, past medical history, current medication
and HIV factors including time since diagnosis. Data were captured on handheld devices
electronically. Anthropometric and hemodynamic data including office blood pressure, height,

weight and heart rate were captured.

Blood sampling

Blood samples were obtained from participants through standard venepuncture. Basic clinical
chemistry and haematology was performed. This included assessment of renal function,
glycaemic control, non-fasted lipid profiles, high-sensitivity cardiac troponin I (hscTnl) and
high-sensitivity C-reactive protein (hsCRP). Given laboratory constraints, HbAlc and

haematology was only measured in the Aga Khan University Hopsital population.
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High-sensitivity troponin I: The Siemens Atellica IM High Sensitivity Troponin I assay
(Siemens Healthineers) is a three-site sandwich immunoassay with a limit of detection of
1.6 ng/L and limit of quantification of 2.5 ng/L. The upper reference limit 99th centile was
determined in 2007 samples from healthy individuals as 34 ng/L in women, and 53 ng/L in
men, with a single threshold of 45 ng/L. In the reference range population, 75% of patients had
values greater than the limit of detection. The level where the inter-assay coefficient of

variation is <10% is 6 ng/L.!4

High-sensitivity C-reactive protein: The Siemens Atellica High Sensitivity C-Reactive protein
assay was used to measure hsCRP levels in stored serum. The assay range is from 0.1 to 50

mg/L with a coefficient of variation of 6.8% at 1.16 mg/L.!3

Study definitions

Traditional cardiovascular risk factors were defined as those routinely measured in
cardiovascular risk estimation systems and include basic anthropometry, diabetes and smoking
status, lipid profile, and arterial blood pressure assessment. Body mass index (BMI) was
calculated from measured height and weight and classified as normal weight (18.5-24.9
kg/m?), overweight (25-29.9 kg/m?), and obese (equal to or greater than 30 kg/m?). Current or
past smoking history was self-reported by participants. Hypertension was defined as self-
reported hypertension or measured SBP > 140 mmHg or DBP > 90 mmHg, or physician-
prescribed blood pressure-lowering medications.!® Dyslipidemia was defined as a self-reported
history. Hypercholesterolaemia was defined as a total cholesterol > 6.21 mmol/L. A high low-
density lipoprotein (LDL]) was defined as levels > 4.1 mmol/L.!” Diabetes mellitus was
defined as self-reported type 1 or 2 diabetes mellitus. Patients, in whom HbA 1¢ was measured,

were classified as those with high (>6.5%), intermediate (5.7-6.4%) and low levels (<5.7%).!3
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The hsCRP was categorized as low (<1 mg/L), intermediate (1-3 mg/L), or high (>3 mg/L)."?
High-sensitivity cardiac troponin levels were categorised as below the limit of quantification
(2.5 ng/L), above the limit of quantification but below the 99t centile upper reference limit and

above the 99t centile upper reference limit (45 ng/L).20

Statistical Analysis

Baseline demographics, clinical and lifestyle variables, laboratory biomarkers including
markers of myocardial injury, inflammation, glycaemic control, and lipid profiles were
summarised overall and stratified by gender. Continuous variables were reported as median
and interquartile range, while the categorical variables were summarized as frequencies and
percentages. Statistical differences between groups were assessed using Pearson’s chi-square
test or Fisher’s exact test and unpaired two-samples Wilcoxon test or Student’s t-test as
indicated. Sex-specific framingham laboratory-based risk equations were used to quantify the
estimated 10-year CVD risk for each study participant. The equation used age, gender, smoking
status, use of anti-hypertensive medications, prevalent diabetes, and systolic blood pressure.
The risk estimations were computed according to algorithms accessed at
https://framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-10-year-risk/.
Predicted cardiovascular event risk percentage over the next 10 years was classified as low

(< 10%), intermediate (10-20%), and high risk (> 20%).

In further analysis, we evaluated the relationship between baseline markers of myocardial
injury and inflammation and traditional cardiovascular risk factors. We calculated the 25% and
75% percentiles of observed hscTnl data and ordinally scaled it as <2.50 ng/L (undetectable),
2.50-3.02 ng/L, 3.02-7.12 ng/L, =7.12 ng/L given the skewness of the variable.?! Three

multivariable ordinal (Cumulative logit) models and linear regression models with hscTnl and
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hsCRP as the response variable, respectively, were fitted. The independent variables were age,
sex and cardiovascular risk factors. Model I adjusted for age per year increase, sex, study site
as a surrogate for socioeconomic status and creatinine. Model II additionally adjusted for
hypertension, diabetes, and smoking status (never smoker, former smoker, current smoker).
Model III adjusted for variables in Model I plus systolic blood pressure (SBP < 130 mmHg,
SBP 130 -139 mmHg, SBP 140-159 mmHg, SBP >160 mmHg) and hsCRP or hscTnl. Models
were constructed on complete cases with no imputation. All analysis was carried out in R

(Version 4.1.2).

Ethics statement

Patients were enrolled only after providing written informed consent prior to participation.
After receiving site approval from the Coptic Hope Center for Infectious Diseases in Nairobi,
we obtained ethics approval for data analysis from The Aga Khan University Hospital, Nairobi
Research Ethics Committee (approval letter reference: 2018/REC-84). The research was

carried out in accordance with the Helsinki Declaration's principles.

Patient and Public Involvement

This was a small pilot study and patients and the public were not involved in the study
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Results

Two hundred patients (median age 46 years [IQR 38 to 53 years], 61% females) were recruited
in this cross-sectional study consisting (Figure S1). Prevalence of smoking was 2.5% across
the cohort and higher in males compared to females. Hypertension was the most common
cardiovascular risk factor at 30% with rates higher in males (33%) compared to females (28%).
Self-reported dyslipidemia was low at 0.5% but much higher when classified according to a
total cholesterol concentration >6.1 mmol/L (19%). The prevalence of elevated LDL >= 4.2
mmol/L was 14%. Seventeen percent of the population had a systolic blood pressure >= 140
mmHg and 15% of the population had a diastolic blood pressure >= 90 mmHg. Obesity rates
were high with 29% considered obese and 36% overweight. Obesity rates were higher in
women at 34% compared to males (22%). Past history of malaria and tuberculosis remained
high at 32% and 18% respectively. Over 90% of participants were receiving antiretroviral
therapy and median duration of diagnosis to study recruitment was 12 years (Table 1 and Table
2). Given differences in the population served at Aga Khan University and Coptic hospitals,
we observed important differences in baseline characteristics. Patient treated at Coptic hospital

has lower income levels and higher rates of elevated blood pressure (Table S1).

Stored serum was available to measure hscTnl concentrations in 169 of the 200 participants.
Despite using a hscTnl assay, the majority had concentrations below the limit of quantification
at <2.5 ng/L (n=109/169, 65%). Fifty-nine patients (n = 59/169 ,35%) had concentration levels
above the limit of quantification but below the 99™ centile upper reference limit. Serum hsCRP
was measured in 198 of the 200 participants. The median hsCRP was 2 mg/L (IQR 0.8 to 4.2
mg/L). Levels were numerically higher in women compared to men (2.2 mg/L versus 1.5

mg/L). High-sensitivity CRP categorised 75 (38%) patients as having a high level (> 3mg/L)
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with 65 (33%) and 58 (29.3) at intermediate (1-3 mg/L) and low (<1 mg/L) levels. Levels of

hscTnl and hsCRP did not differ when stratified by site (Table S2).

Table 1: Baseline demographics and clinical characteristics’

Page 10 of 37

Characteristics All patients (n=200) Sex p-value
Females (n=121) Males (n = 79) 2

Age, median (Q1, Q3), years 45.5(37.7,52.6) 44.2 (37.3,50.5) 47.3 (38.0,53.1) 0.206

Years of education, median (Q1, Q3) | 14.0 (12.0, 16.0) 14.0 (12.0, 16.0) 15.0 (12.0, 16.5) 0.174

Highest level of education attained

Primary/none/don’t know, % 30/200 (15.0) 18/121 (14.9) 12/79 (15.2) 0.825

Secondary, % 45/200 (22.5) 29/121 (24.0) 16/79 (20.3)

Higher Education/University, % 125/200 (62.5) 74/121 (61.2) 51/79 (64.6)

Marital status

Married (monogamous/polygamous) , | 128/200 (64.0) 64/121 (52.9) 64/79 (81.0) <0.001

%

Single 26/200 (13.0) 23/121 (19.0) 3/79 (3.8)

Separated/widowed/divorced/refused/ | 46/200 (23.0) 34/121 (28.1) 12/79 (15.2)

cohabiting/others, %

Employment status

Salaried Job or self-employed, % 180/200 (90.0) 105/121 (86.8) 75/79 (94.9) 0.148

Unemployed/housewife/retiree, % 13/200 (6.5) 11/121 (9.1) 2/79 (2.5)

Casual labourer, % 7/200 (3.5) 5/121 (4.1) 2/79 (2.5)

Household income per month

< 15,001 KES?, % 34/198 (17.2) 26/119 (21.8) 8/79 (10.1) 0.051

> 15,001 KES, % 164/198 (82.8) 93/119 (78.2) 71/79 (89.9)

Cardiovascular risk factors

Smoking

Current smoker, % 5/200 (2.5) 2/121 (1.7) 3/79 (3.8) <0.001

Ex-smoker, % 44/200 (22.0) 11/121 (9.1) 33/79 (41.8)

Never smoker, % 151/200 (75.5) 108/121 (89.3) 43/79 (54.4)

Diabetes, % 7/200 (3.5) 4/121 (3.3) 3/79 (3.8) 0.661

Self-reported hypertension®, % 44/200 (22.0) 30/121 (24.8) 14/79 (17.7) 0.315

Cumulative hypertension’, % 60/200 (30.0) 34/121 (28.1) 26/79 (32.9) 0.570

Self-reported dyslipidemia, % 1/197 (0.5) 1/119 (0.8) 0/78 (0.0) 0.153

Chronic kidney disease, % 2/200 (1.0) 1/121 (0.8) 1/79 (1.3) 0.863

HIV

Time since (months) HIV® infection, | 143.0 (59.0, 191.0) 144.0 (62.0, 191.0) 131.0 (56.5,191.0) | 0.574

Median (Q1, Q3)

I'Number of patients may not sum to the corresponding column totals where there are missing data for the

variable.

2 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon
test for continuous variables, two-sided; bold p-values indicate statistical significance (p<0.05).

3 KES, Kenya shillings currency code

4 Self-reported physician-diagnosed hypertension.
3 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) > 90 mmHg, or physician-prescribed blood pressure-lowering medications.
¢ HIV, human immunodeficiency virus,
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Characteristics All patients (n=200) Sex p-value
Females (n=121) Males (n = 79) 2

Currently on ART’, % 195/200 (97.5) 119/121 (98.3) 76/79 (96.2) 0.385

Past medical history

Malaria, % 21/200 (10.5) 10/121 (8.3) 11/79 (13.9) 0.298

Tuberculosis, % 12/200 (6.0) 7/121 (5.8) 5/79 (6.3) 1.000

Clinical characteristics

Body mass index, BMI (Kg/m?), | 26.8 (23.4, 30.8) 27.9 (23.8, 32.3) 26.0 (23.2, 29.6) 0.010

median (Q1, Q3)

BMI <25, % 71/200 (35.5) 37/121 (30.6) 34/79 (43.0) 0.100

BMI 25 to 29, % 71/200 (35.5) 43/121 (35.5) 41/79 (33.9)

BMI >30, % 58/200 (29.0) 41/121 (33.9) 17/79 (21.5)

Systolic blood pressure (mmHg), | 120.0 (110.0, 133.0) 120.0 (110.0, 130.0) 122.0 (111.5, 133.0) | 0.272

Median (Q1, Q3), n =200

SBP < 130 mmHg, % 136/200 (68.0) 86/121 (71.1) 50/79 (63.3) 0.173

SBP 130 -139 mmHg, % 30/200 (15.0) 19/121 (15.7) 11/79 (13.9)

SBP 140-159 mmHg, % 19/200 (9.5) 7/121 (5.8) 12/79 (15.2)

SBP >160 mmHg, % 15/200 (7.5) 9/121 (7.4) 6/79 (7.6)

Diastolic blood pressure (mmHg), | 78.0 (71.0, 85.0) 77.0 (71.0, 84.0) 80.0 (72.0, 85.0) 0.301

Median (Q1, Q3), n =200

DBP < 85 mmHg, % 149/200 (74.5) 92/121 (76.0) 57/79 (72.2) 0.417

DBP 85 — 89 mmHg, % 22/200 (11.0) 10/121 (8.3) 12/79 (15.2)

DBP 90— 99, % 17/200 (8.5) 12/121 (9.9) 5/79 (6.3)

DBP > 100, % 12/200 (6.0) 7/121 (5.8) 5/79 (6.3)

Heart rate (bpm) median (Q1, Q3) 78.0 (74.0, 82.0) 76.5 (74.8, 84.2) 78.0 (72.0, 81.0) 0.474

Current cardiovascular medications

RAAS modulators, % 16/200 (8.0) 11/121 (9.1) 5/79 (6.3) 0.662

Calcium channel blockers, % 8/200 (4.0) 5/121 (4.1) 3/79 (3.8) 1.000

Beta-blockers, % 8/200 (4.0) 5/121 (4.1) 3/79 (3.8) 1.000

Diuretics, % 10/200 (5.0) 8/121 (6.6) 2/79 (2.5) 0.321

Statins, % 2/200 (1.0) 1/121 (0.8) 1/79 (1.3) 1.000

7 ART, antiretroviral therapy.
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Characteristics All  patients Sex p-value?

(n=200) Females Males (n=79)

(n=121)

Creatinine, median (Ql1, | 85.0 (73.0, | 77.5 (69.0, | 99.0 (89.0, | <0.001
Q3), n=197 101.0) 89.3) 113.0)
Urea, median (Q1, Q3), | 3.7 (3.1, 4.6) 3.6 (3.0,4.3) 3.8(3.2,5.0) |0.013
n=196
Hemoglobin, mean (SD) , | 14.01 (2.06) 12.90 (1.77) 15.31 (1.55) <0.001
n=98*3
Glucose, median (Ql1, | 4.8 (4.4,5.3) 4.8 (4.3,5.3) 49(4.5,53) |0.169
Q3),n=197
HbAlc, median (Q1, Q3), | 5.6 (5.4,5.9) 5.6 (5.4,5.8) 58(.4,6.1) |0.013
n=98*
HbAlc<5.7, % 50/98 (51.0) 34/53 (64.2) 16/45 (35.6) 0.004
HbAlc5.7-6.4, % 45/98 (45.9) 19/53 (35.8) 26/45 (57.8)
HbAlc>=6.5 % 3/98 (3.1) 0/53 (0.0) 3/45 (6.7)
Lipid profiles
Total cholesterol, median | 4.6 (3.9, 5.1) 4.7(3.9,5.2) 4.5(3.9,5.1) |0.706
(Q1, Q3), n=196
TC<4.7,% 107/196 (54.6) | 59/118 (50.0) | 48/78 (61.5) 0.393
TC4.8-5.1,% 22/196 (11.2) | 15/118 (12.7) | 7/78 (9.0)
TC52-6.1,% 30/196 (15.3) | 21/118 (17.8) | 9/78 (11.5)
TC>=6.2, % 37/196 (18.9) | 23/118 (19.5) 14/78 (17.9)
LDL, median (Q1, Q3), | 3.0 (2.3, 3.6) 3.0(2.4,3.7) 3.0(2.3,3.5) |0.747
n=196
LDL <2.6 75/196 (38.3) | 46/118 (39.0) | 29/78 (37.2) 0.619
LDL2.6-33 53/196 (27.0) | 30/118 (25.4) | 23/78 (29.5)
LDL3.4-4.1 41/196 (20.9) | 23/118 (19.5) 18/78 (23.1)
LDL >=42 27/196 (13.8) | 19/118 (16.1) | 8/78 (10.3)
HDL, median (Q1, Q3), | 1.2 (1.0, 1.5) 1.2 (1.1, 1.5) 1.1 (1.0,1.3) | 0.001
n=196
Trigylcerides, median | 1.4 (0.9, 2.0) 1.2 (0.9, 1.7) 1.7 (1.0,2.7) | 0.0005
(Q1, Q3), n=196
Trig<1.7 123/196 (62.8) | 86/118 (72.9) | 37/78 (47.4) <0.0001
Trig1.7-2.2 32/196 (16.3) | 19/118 (16.1) 13/78 (16.7)
Trig >2.3 41/196 (20.9) | 13/118(11.0) | 28/78 (35.9)
Cardiac and
inflammatory
biomarkers
High sensitivity troponin | 2.5 (2.5, 3.0) 2.5(2.5,2.5) 2.7(2.5,3.8) | <0.0001
I, median (Q1, Q3), n=169
hscTnl <2.5 ng/L, % 109/169 (64.5) | 78/103 (75.7) | 31/66 (47.0) <0.001
hscTnl 2.5 — 45 ng/L 59/169 (34.9) | 24/103 (23.3) | 35/66 (53.0)
hscTnl >= 45 ng/L 1/169 (0.6) 1/103 (1.0) 0/66 (0.0)

I'Number of patients may not sum to the corresponding column totals where there are missing data for the

laboratory marker.

2 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon
test or Student’s t-test for continuous variables, two-sided; bold p-values indicate statistical significance

(p<0.05).

3 * Hemoglobin and hemoglobin Alc (HbAlc) summaries are from Aga Khan University Hospital only.
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Characteristics All  patients Sex p-value?

(n=200) Females Males (n=79)
(n=121)
High-sensitivity  CRP, | 2.0 (0.8,4.2) | 2.2(09,4.5) | 1.5(0.8,3.8) |0.144
median (Q1, Q3), n=198
9 hsCRP < 1mg/L 58/198 (29.3) | 31/120 (25.8) | 27/78 (34.6) | 0.300
10 hsCRP 1 - 3 mg/L 65/198 (32.8) | 39/120 (32.5) | 26/78 (33.3)
1 hsCRP >3 mg/L 75/198 (37.9) | 50/120 (41.7) | 25/78 (32.1)

oNOYTULT D WN =

16 Using the sex stratified Framingham laboratory-based risk score with lipids, the majority of
18 the HIV population was classified at low risk (83%) with 12% at intermediate risk and 5% at
high risk. Although sample sizes remained limited when stratified by sex and risk category, the
23 prevalence of hypertension remained higher in women compared to men (7able 3) and as

25 expected higher in the intermediate and high-risk groups across the population (7Table S3).

30 Association between hscTnl and hsCRP and traditional cardiovascular risk factors were also
32 evaluated (Table 4). The findings from cumulative logit models showed that older patients
34 were more likely to have higher hscTnl levels (adjusted odds ratio (aOR) per year: 1.05, 95%
confidence interval (CI): 1.01-1.09, p<0.011). Female patients, compared to male patients,
39 were identified as having lower hscTnl levels. Systolic blood pressures (SBP) of 140-159
41 mmHg and SBP >160 mmHg were associated with higher hscTnl concentrations (aOR 2.96
43 (95% CI: 1.09-7.90, p=0.030) and 4.68 (95% CI: 1.55-14.1, p=0.006, respectively) compared
46 to those with SBP <130 mmHg. Our study did not find any strong associations between hsCRP
48 and traditional cardiovascular risk factors including age, hypertension, diabetes and smoking.
>0 We also did not find any association between SBP levels and hsCRP. Levels of hsCRP were
53 higher for HIV-patients with higher hscTnl levels. Study site - as a surrogate for socioeconomic

55 status — was not associated with hscTnl or hsCRP.
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Table 3: Cardiovascular risk factors, markers of myocardial injury and inflammation by cardlovasculggr risk category!

w

a1
Variable Framingham risk score classification (FRS lipid)? pvalue for trend?

Low Intermediate | High Increfling | Two-sided

Males 5
All (%) 58(73.4) 14 (17.7) 7(8.9) N
Smoking - N 0.503
Current smoker, % 3/58 (5.2) 0/14 (0.0) 0/7 (0.0) g
Ex-smoker, % 22/58 (37.9) 6/14 (42.9) 5/7(71.4) g
Never smoker, % 33/58 (56.9) 8/14 (57.1) 2/7 (28.6) ]
Diabetes, % 3/58 (5.2) 0/14 (0.0) 0/7 (0.0) 0.163 @ 0.326
Hypertension*, % 12/58 (20.7) 6/14 (42.9) 7/7 (100.0) <0.001 =z <0.001
Hyperlipidemia, % 0/58 (0.0) 0/13 (0.0) 0/7 (0.0) — g_ -
Lipid profiles g
Total cholesterol, median (Q1, Q3) 4.3 (3.8,4.9) 4.5(4.3,54) 6.2 (5.0, 6.8) 0.005 3 0.007
TC<4.7,% 39/57 (68.4) 8/14 (57.1) 1/7 (14.3) El <0.001
TC48-51,% 7/57 (12.3) 0/14 (0.0) 0/7 (0.0) -r'g
TC52-6.1,% 5/57 (8.8) 4/14 (28.6) 0/7 (0.0) g
TC>=6.2,% 6/57 (10.5) 2/14 (14.3) 6/7 (85.7) Py
LDL, median (Q1, Q3) 3.0(23,3.4) 3.2(2.3,3.5) 393.5,5.2) 0.016 = 0.039
LDL <2.6,% 22/57 (38.6) 6/14 (42.9) 1/7 (14.3) - =) 0.008
LDL2.6-3.3,% 20/57 (35.1) 3/14 (21.4) 0/7 (0.0) 2z
LDL3.4-4.1,% 11/57 (19.3) 5/14 (35.7) 2/7 (28.6) %
LDL >=4.2,% 4/57 (7.0) 0/14 (0.0) 0/7 (0.0) N
HDL, median (Q1, Q3) 1.1 (1.0, 1.4) 1.0 (0.8, 1.2) 1.0 (0.9, 1.2) 0923 ® 0.161
Trigylcerides, median (Q1, Q3) 1.6 (1.0,2.2) 23(1.1,4.1) 32(23,4.1) 0.008 = 0.017
Trig<1.7 30/57 (52.6) 6/14 (42.9) 1/7 (14.3) - % 0.018

0

v

I'Number of patients may not sum to the corresponding column totals where there are missing data for the cardiovascular risk fact@/marker
2 Risk categories classified as low (<10%), intermediate (10-19%) and high (>= 20%)

3 p-values for trend were calculated Jonckheere-Terpstra for continuous variables and Cochran-Armitage, or Cochran-Mantel- P&enszel tests, approporiate, for categorical

variables.

4 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90 rnm}% or physician-prescribed blood pressure-

lowering medications.
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3 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90 mm

lowering medications.
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, or physician-prescribed blood pressure-

Variable Framingham risk score classification (FRS lipid)? alue for trend?
Low Intermediate High Incregsing Two-sided

Trig1.7-2.2 11/57 (19.3) 1/14 (7.1) 1/7 (14.3) S
Trig >2.3 16/57 (28.1) 7/14 (50.0) 5/7(71.4) o
Cardiac and inflammatory biomarkers 5
High sensitivity troponin I, median (Q1, Q3) | 2.5 (2.5,3.4) 34(2.8,5.2) 4.1(2.9,7.1) 0.013 0.020
hscTnl <2.5 ng/L, % 26/48 (54.2) 3/11 (27.3) 2/7 (28.6) - § 0.083
hscTnl 2.5 — 45 ng/L 22/48 (45.8) 8/11 (72.7) 5/7(71.4) o
hscTnl >= 45 ng/L 0/48 (0.0) 0/11 (0.0) 0/7 (0.0) %
High-sensitivity CRP, median (Q1, Q3) 1.5 (0.8, 4.0) 2.3(0.8,3.1) 1.0 (0.7, 3.6) 0.523 © 0.95
hsCRP < 1mg/L 19/57 (33.3) 5/14 (35.7) 3/7 (42.9) - § 0.782
hsCRP 1 - 3 mg/L 20/57 (35.1) 414 (28.6) 2/7 (28.6) 3
hsCRP >3 mg/L 18/57 (31.6) 514 (35.7) 2/7 (28.6) 3
Creatinine, median (Q1, Q3) 100.0 (89.5, 113.2) | 98.5 (94.8, 115.0) | 91.0 (79.0, 104.5) | 0.702 = 0.610
Females =
All (%) 108 (89.3) 9(74 4 (3.3) El
Smoking B
Current smoker, % 2/108 (1.9) 0/9 (0.0) 0/4 (0.0) - = 0.241
Ex-smoker, % 11/108 (10.2) 0/9 (0.0) 0/4 (0.0) (—f
Never smoker, % 95/108 (88.0) 9/9 (100.0) 4/4 (100.0) g
Diabetes, % 0/108 (0.0) 2/9 (22.2) 2/4 (50.0) 1.000 o <0.0001
Hypertension®, % 24/108 (22.2) 7/9 (77.8) 3/4 (75.0) <0.000];> <0.001
Hyperlipidemia, % 0/106 (0.0) 1/9 (11.1) 0/4 (0.0) 0976 = 0.048
Lipid profiles :
Total cholesterol, median (Q1, Q3) 4.6 (3.8,5.1) 54(4.9,6.1) 4.4 (4.3,4.7) 007 0.031
TC<4.7,% 54/105 (51.4) 2/9 (22.2) 3/4 (75.0) = § 0.883
TC48-5.1,% 13/105 (12.4) 2/9(22.2) 0/4 (0.0) Q
TC52-6.1,% 18/105 (17.1) 2/9 (22.2) 1/4 (25.0) 3
TC>=6.2,% 20/105 (19.0) 3/9 (33.3) 0/4 (0.0) ;g
LDL, median (Q1, Q3) 2.9(24,3.5) 4.0(3.3,4.2) 2.9(2.6,3.2) 0.042 § 0.082
LDL <2.6, % 43/105 (41.0) 2/9 (22.2) 1/4 (25.0) 5 0.357

5
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Variable Framingham risk score classification (FRS lipid)? alue for trend?
Low Intermediate High Incregsing Two-sided

LDL 2.6-3.3,% 27/105 (25.7) 1/9 (11.1) 2/4 (50.0) S

LDL34-41,% 19/105 (18.1) 3/9 (33.3) 1/4 (25.0) o

LDL>=4.2,% 16/105 (15.2) 3/9 (33.3) 0/4 (0.0) 5

HDL, median (Q1, Q3) 1.2(1.1,1.5) 1.2(1.1,1.7) 1.0 (0.9, 1.2) 0.699 0.620

Trigylcerides, median (Q1, Q3) 1.1(0.9,1.7) 1.6 (1.4,2.0) 2.0(1.8,2.3) 0.001 R 0.003

Trig<1.7 80/105 (76.2) 5/9 (55.6) 1/4 (25.0) — o 0.020

Trig1.7-2.2 15/105 (14.3) 2/9 (22.2) 2/4 (50.0) %

Trig >2.3 10/105 (9.5) 2/9 (22.2) 1/4 (25.0) o

Cardiac and inflammatory biomarkers

High sensitivity troponin I, median (Q1, Q3) | 2.5 (2.5, 2.5) 2.8(2.5,4.1) 2.7(2.6,5.2) 0.003 0.006

hscTnl <2.5 ng/L, % 74/92 (80.4) 3/7 (42.9) 1/4 (25.0) — 0.003

hscTnl 2.5 — 45 ng/L 17/92 (18.5) 4/7 (57.1) 3/4 (75.0)

hscTnl >= 45 ng/L 1/92 (1.1) 0/7 (0.0) 0/4 (0.0)

High-sensitivity CRP, median (Q1, Q3) 2.0(0.9,4.3) 6.9 (2.2,10.3) 2.6(2.5,4.4) 0.012 0.022

hsCRP < Img/L 30/107 (28.0) 1/9 (11.1) 0/4 (0.0) - 0.128

hsCRP 1 - 3 mg/L 34 (31.8) 2/9 (22.2) 3/4 (75.0)

hsCRP >3 mg/L 43 (40.2) 6/9 (66.7) 1/4 (25.0)

Creatinine, median (Q1, Q3) 76.0 (69.0, 85.5) 88.0 (75.0, 94.0) 91.0 (84.2,99.5) | 0.047 0.047
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1
2 1
3 Table 4: Relationship between baseline markers of myocardial injury and inflammation and traditioniﬁ cardiovascular risk factors,
: displayed as multivariable-adjusted odds ratios'® for hscTnl and multivariable-adjusted mean differen@es17 for hsCRP
o
? High-sensitivity troponin I High-sensitivitpC-Reactive Protein
8 | Risk factor Model 1 Model II Model 111 Model I Medel 11 Model IIT
9 AOR' (95% CI)"* AOR (95% CI) AOR (95% CI) Adjusted Coef.2? (95% | AdjustedCoef. (95% Adjusted Coef. (95%
10 (8])) 1) (8]))
11| Age (years) 1.05 1.05 1.04 0.004 @.01 0.02
12 (1.02 to 1.09, p=0.004) | (1.01 to 1.09, p=0.021) | (1.00 to 1.08, p=0.032) | (-0.12 to 0.12, p=0.952) | (-0.11 to 8.14, p=0.860) | (-0.13 to 0.17, p=0.775)
13 Sex %
14 Male Reference Reference Reference Reference R%ference Reference
Y Female 0.32 0.39 0.38 1.66 T.49 0.04
19 (0.14 t0 0.70, p=0.004) | (0.16 to 0.93, p=0.035) | (0.17 to 0.84, p=0.018) | (-0.85 to 4.18, p=0.194 | (-1.28 to £.25, p=0.290) | (-3.39 to 3.47, p=0.980)
17"Study Site?’ =
1 AKUNH Reference Reference Reference Reference Reference Reference
2 Coptic 1.08 0.97 0.91 0.78 §.91 0.87
51 (0.54 t0 2.16, p=0.832) | (0.48 t0 1.99, p=0.941) | (0.44 to 1.90, p=0.805) | (-1.70 to 3.27, p=0.536) | (-1.63 to3.45, p=0.481) | (-2.02 to 3.76, p=0.553)
2 Hypertension - 2.76 - - 31.23 -
23 (1.36 to 5.63, p=0.005) (-3.91 t0§45, p=0.366)
24 Diabetes — 0.53 - - 9.41 -
5 (0.06 to 3.37, p=0.513) (-6.24 to 3.06, p=0.903)
¢ Smoking S
27 Never Reference Reference - — ReZerence —
28 smoker ,::
29 I
o
30 N
31 16 Cumulative Logit Model with high-sensitivity Troponin-I response as myocardial injury marker. Bold p-values indicate statisticé significance (p<0.05). Model I adjusts for
32 age, sex, creatinine and study site; Model II as for Model I plus history of hypertension, diabetes and smoking status; Model 111 as?[odel I plus systolic blood pressure and
33 hsCRP levels 4]
34 17 Linear Regression with high-sensitivity C-Reactive Protein (hsCRP) response as inflammation marker. Bold p-values indicate stafistical significance (p<0.05). Model I
35 adjusts for age, sex and creatinine; Model II as for Model I plus history of hypertension, diabetes and smoking status; Model III as %/Iodel I plus systolic blood pressure and
36 hsCRP levels Q
37 18 AOR, adjusted odds ratio. 3
38 19 CI, confidence interval g
39 20 Coef., coefficient as multivariable mean difference. §
40 2l AKUHN, Aga Khan University Hospital, Nairobi; Coptic, Coptic Hope Center for Infectious Diseases. <
41 g
42 '
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 1
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1 S
2 N
3 High-sensitivity troponin I High-sensitivitﬁC-Reactive Protein
g Risk factor Model I Model IT Model III Model I Nfédel 11| Model ITI
6 AOR'8 (95% CI)"® AOR (95% CI) AOR (95% CI) Adjusted Coef.?’ (95% Adjuste(g Coef. (95% Adjusted Coef. (95%
7 CI) £ 8l)) CI)
8 Former — 1.19 - - .45
9 smoker (0.51 to 2.70, p=0.685) (-3.61 to ;.72, p=0.781)
10 Current - 1.36 - - 9.22
11 smoker (0.15t0 9.11, p=0.762) (-7.47 to .92, p=0.954)
. |
12 Systolic Blood g
13 Pressure 2
14 SBP < 130 Reference - Reference — 2 — Reference
1 mmHg 2
16 SBP 130 - - - 2.29 - F- -2.40
17 139 mmHg (0.87 to 5.87, p=0.087) f (-6.37 to 1.58, p=0.235)
18 SBP 140- - - 3.08 - =g -3.47
19 159 mmHg (1.13 to 8.34, p=0.026) = (-8.13 to 1.19, p=0.143)
20 SBP>160 - — 5.40 - = -2.09
21 mmHg (1.75 to 16.6, p=0.003) B (-7.45 10 3.26, p=0.441)
22 High-sensitivity - - 1.05 - o— -
23 CRP mg/L (1.01 to 1.10, p=0.014) 3.
24 High-sensitivity g
25 troponin-I S
26 <2.50ng/L Reference Reference Reference Reference Reierence Reference
21™250-3.02 - - - - 2- 442
;8 ng/L © (0.78 to 8.07, p=0.018)
3 302712 - - — - S 1.20
31 ng/L = (-2.43 t0 4.84, p=0.514)
3 >7.12 ng/L - - - — - 0.57
33 é (-3.23 t0 4.38, p=0.766)
34 Creatinine 1.00 1.01 1.01 -0.01 £0.01 -0.11
3 mg/L (0.98 t0 1.03, p=0.671) | (0.99-1.03, p=0.399) (0.99 to 1.04, p=0.177) | (-0.05 to 0.02, p=0.568) | (-0.04 to g’.03, p=0.644) | (-0.20 to -0.03, p=0.010)
36 &
37 a
38 3
39 8
40 =
41 g
42 '
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Discussion

In this small, descriptive, cross-sectional study across two sites in urban Kenya, we evaluated
the prevalence of traditional cardiovascular risk factors. We also explored how biochemical
markers of inflammation and myocardial injury are associated with traditional cardiovascular
risk factors in PLHIV. We make a number of observations. First, in a relatively young
population with HIV, some traditional cardiovascular risk factors were common. Smoking and
diabetes rates, however, were low. Second, using traditional risk estimation systems, the
majority of the young HIV population were categorized as low-risk for future cardiovascular
events. Third, across the majority of patients, hsTnl values were below the limit of detection.
Fourth, in exploratory analysis we found no associations between hsCRP levels and traditional
cardiovascular risk factors but did observe a positive association between hscTnl levels and

increasing age and higher systolic blood pressure.

Some traditional cardiovascular risk factors were common in the HIV population studied.
Hypertension was self-reported in 1 in 5 individuals and higher, at 1 in 3, when classified by
office systolic blood pressure measurement and/or use of anti-hypertensives. Self-reported
dyslipidemia was low at 1 in 20 but much higher when based on total cholesterol concentration
>6.1 mmol/L (19%). This discordance likely reflects individuals being unaware of their
cholesterol status. Smoking and diabetes rates, however, remained relatively low in contrast to
PLHIV in high income countries.”® Our prevalence rates of traditional cardiovascular risk
factors are in agreement with other studies from the sub-Saharan African region?”>* and
discordant to those evaluating PLHIV in high-income settings.?> 26 Whilst North American /

European studies contribute to most of the evidence evaluating cardiovascular disease in HIV,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

the region only hosts 6% of the global HIV population compared to 75% for sub-Saharan
Africa.?’ 28 PLHIV in sub-Saharan Africa and North America / Europe are different by virtue
of the factors associated with HIV acquisition. HIV remains firmly established in the general
population in SSA but overwhelmingly affects men who have sex with men and intravenous
drug users in North America / Europe.?’ These differences probably account for regional
discordance in the association between HIV status and prevalence of cardiovascular risk factors
that has been observed in the published literature. Positive associations in North America /

Europe either become null or even reverse in sub-Saharan Africa.2-2630-33

Using the sex stratified Framingham laboratory-based risk score, the overwhelming majority
of the HIV population was classified at low risk (83%) with 12% at intermediate risk and 5%
at high risk. Similar risk categorizations were obtained when using the Framingham non-
laboratory-based risk scores. All established cardiovascular risk estimation systems —
predominantly developed in high-income countries and not accounting for HIV status are
highly influenced by age. As such, our findings likely reflect the younger age distribution in
our study.!? 3* Whether this estimation of low-risk, using generalized risk scores developed
predominantly in high-income countries, reflects the observed cardiovascular risk of HIV

individuals in sub-Saharan Africa remains uncertain.

Previous studies have shown how biochemical markers, such as hsCRP and hscTnl, may hold
promise in improving cardiac risk estimation systems.> Our study showed that the majority of
individuals had undetectable levels of hscTnl with only 1 in 3 patients demonstrating levels
above the limit of detection. Previous studies in high-income settings have shown that during
acute HIV infection, troponin levels are higher but drop 3-fold once viremic control is

achieved.’® A large proportion of our patients were established on antiretroviral therapy and
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with the duration of diagnosis to study recruitment being nearly 12 years. Two studies showed
contrasting results when evaluating the association between troponin levels and presence of
coronary plaques, with results primarily applicable to men with HIV in non-endemic regions.3’
38 Levels of hsCRP, suggestive of underlying inflammation, were high in this study with
women having higher concentrations. Whether higher baseline hsCRP levels relate to increased
risk of cardiovascular events in HIV, however, remains uncertain with contrasting data in the
published literature.3**? Higher levels of hsCRP in people with HIV is biologically plausible
and supported by previous studies?® 4!, but may not just be reflective of vascular disease.*? As

such the specificity of hsCRP for cardiovascular disease in PLHIV may be low.

Our study showed, hscTnl levels were higher in males, associated with increasing age,
measured systolic blood pressure, and reported history of hypertension. This is similar to what
has been observed in the general population.®3 4 However, surprisingly, in our study, much of
the population had troponin concentrations below the limit of quantification despite using a
high-sensitivity assay likely reflective of a younger population. Unlike in the general
population®®, We did not show any robust association between hsCRP and traditional
cardiovascular risk factors. This may reflect the younger age of our population with previous

studies showing higher hsCRP values in the elderly.*6

This is one of the few studies that has quantified the prevalence of cardiovascular risk factors
and explored their association with biochemical markers of inflammation and myocardial
injury in HIV populations from two distinct centres in urban Kenya. However, several
limitations should be considered. First, our study was cross-sectional and we were unable to
evaluate the associations between novel biochemical markers and future cardiovascular events.

Second, HIV populations in our study were recruited across two centres in Nairobi,
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representing a predominantly urban population. Whether our findings are generalisable to rural
populations remains uncertain. Third, given resource limitations, we did not study age- and
sex-matched non-HIV populations and were limited to a finite choice of biochemical
biomarkers. As such our study is unable to comment on associations between a wider range of
biochemical markers and cardiovascular risk factors in the general population and how these
may differ to those infected with HIV. For the same reason we were also unable to measure
metric if infection control (viral load and CD4 count) at the time of recruitment. Fourth, some
of the risk factors such as diabetes status depended on self-reporting — as such, the absence of
associations may reflect exposure misclassification. Lastly, we cannot exclude the possibility
that associations between biomarkers and outcomes may in part be due to residual confounding

or unmeasured confounders.

In conclusion we show that whilst some traditional cardiovascular risk factor prevalences
remain high in HIV populations in sub-Saharan Africa, important ones such as smoking are
low. This is in contrast to HIV populations in non-endemic regions?®. The majority of PLHIV
- using traditional risk estimation systems - have a low estimated CVD risk likley reflecting a
younger aged population predominantly consisting of women. Whilst hscTnl values were
associated with increasing age and higher blood pressure, no associations between hsCRP

levels and traditional cardiovascular risk factors were observed.
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Figure S1: Study flow diagram
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Table S1: Baseline demographics and clinical characteristics by clinical site!

1

2

3

4

5 — - -

| Characteristics All patients (n=200) Site p-value?
7 Aga Khan University | Coptic Hope Center for

8 Hospital (n= 100) Infectious Diseases (n =

9 100)

10 Age, median (Q1, Q3), years 45,5 (37.7,52.6) 41.9 (35.3,49.4) 48.0 (40.5, 54.3) <0.001
11 Gender

12 Male, % 79/200 (39.5) 46/100 (46.0) 33/100 (33.0) 0.083
13 Female, % 121/200 (60.5) 54/100 (54.0) 67/100 (67.0)

14 Years of education, median (Q1, Q3) 14.0 (12.0, 16.0) 16.0 (13.0, 16.0) 13.5 (10.8, 16.0) <0.001
15 Highest level of education attained

16 Primary/none/don’t know, % 30/200 (15.0) 5/100 (5.0) 25/100 (25.0) <0.001
17 Secondary, % 45/200 (22.5) 21/100 (21.0) 24/100 (24.0)

18 Higher Education/University, % 125/200 (62.5) 74/100 (74.0) 51/100 (51.0)

19 Marital status

20 Married (monogamous/polygamous) , % 128/200 (64.0) 70/100 (70.0) 58/100 (58.0) 0.119
21 Single 26/200 (13.0) 13/100 (13.0) 13/100 (13.0)

22 Separated/widowed/divorced/refused/ 46/200 (23.0) 17/100 (17.0) 29/100 (29.0)

23 cohabiting/others, %

24 Employment status

25 Salaried Job or self-employed, % 180/200 (90.0) 91/100 (91.0) 89/100 (89.0) 0.117
26 Unemployed/housewife/retiree, % 13/200 (6.5) 8/100 (8.0) 5/100 (5.0)

27 Casual labourer, % 7/200 (3.5) 1/100 (1.0) 6/100 (6.0)

28 Household income per month

29 < 15,001 KES®, % 34/198 (17.2) 6/100 (6.0) 28/98 (28.6) <0.001
30 > 15,001 KES, % 164/198 (82.8) 94/100 (94.0) 70/98 (71.4)

31 Cardiovascular risk factors

32 Smoking

33 Current smoker, % 5/200 (2.5) 3/100 (3.0) 2/100 (2.0) 1.000
34 Ex-smoker, % 44/200 (22.0) 22/100 (22.0) 22/100 (22.0)

35 Never smoker, % 151/200 (75.5) 75/100 (75.0) 76/100 (76.0)

36 Diabetes, % 7/200 (3.5) 5/100 (5.0) 2/100 (2.0) 0.444
37 Self-reported hypertension®, % 44/200 (22.0) 22/100 (22.0) 22/100 (22.0) 1.000
38 Cumulative hypertension®, % 60/200 (30.0) 25/100 (25.0) 35/100 (35.0) 0.165
39 Dyslipidemia, % 1/197 (0.5) 0/100 (0.0) 1/97 (1.0) 0.288
40 Chronic kidney disease, % 2/200 (1.0) 2/100 (2.0) 0/100 (0.0) 0.036
41 HIV

49 Time since (months) HIV® infection, Median | 143.0 (59.0, 191.0) 106.0 (47.0, 191.0) 159.0 (95.0, 191.0) 0.037
43 (Q1, Q3)

44 Currently on ART?, % 195/200 (97.5) 95/100 (95.0) 100/100 (100.0) 0.059
4% Past medical history

46 Malaria, % 21/200 (10.5) 0/100 (0.0) 21/100 (21.0) <0.001
47 Tuberculosis, % 12/200 (6.0) 4/100 (4.0) 8/100 (8.0) 0.373
48 Clinical characteristics

49

50

51 ! Number of patients may not sum to the corresponding column totals where there are missing data for the

52 variable.

53 2 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon

54 test or Student’s t-test for continuous variables, two-sided; bold p-values indicate statistical significance

55 (p<0.05). N

56 3 KES, Kenya shllllng_s currency code _

57 4 Self-reported physician-diagnosed hypertension. _ _

58 5 Self-reported hypertension or measurefi systolic blood pressure (_SBP) > _140_mmHg or diastolic blood pressure

59 (DBP) > 90 mmHg, or phys@cian-pr_escrlbed blood pressure-lowering medications.

60 8 HIV, human immunodeficiency virus,

" ART, antiretroviral therapy.
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Table S2 Biochemistry and haematology by clinical site!

Characteristics All patients Site? p-value®
(n=200) Aga Khan Coptic Hope
University Center for
Hospital (n=100) Infectious
Diseases (n=100)
Creatinine, median (Q1, Q3), | 85.0(73.0,101.0) | 89.0(74.0, 106.0) 83.0 (71.8,98.2) 0.102
n=197
Urea, median (Q1, Q3), n=196 3.7 (3.1, 4.6) 3.8(3.1,5.0) 3.5(3.0,4.2) 0.011
Hemoglobin, mean (SD), n=98* | — 14.01 (2.06) — —
Glucose, median (Q1, Q3), n=197 | 4.8 (4.4, 5.3) 5.2 (4.9, 5.6) 4.5 (4.1, 4.6) <0.001
HbAlc, median (Q1, Q3), n=98* | 5.6 (5.4,5.9) 5.6 (5.4,5.9) — —
HbAlc <5.7, % — 50/98 (51.0) - -
HbAlc 5.7 -6.4, % - 45/98 (45.9) —
HbAlc >=6.5, % - 3/98 (3.1) —
Lipid profiles
Total cholesterol, median (Q1, | 4.6 (3.9,5.1) 4.6 (3.8,5.3) 4.4 (4.0,5.1) 0.665
Q3), n=196
TC<4.7,% 107/196 (54.6) 52 (53.1) 55 (56.1) 0.955
TC48-51,% 22/196 (11.2) 11 (11.2) 11 (11.2)
TC52-6.1,% 30/196 (15.3) 15 (15.3) 15 (15.3)
TC>=6.2, % 37/196 (18.9) 20 (20.4) 17 (17.3)
LDL, median (Q1, Q3), n=196 3.0(2.3,3.6) 3.1(2.3,3.6) 3.0(2.4,3.5) 0.858
LDL < 2.6, % 75/196 (38.3) 36 (36.7) 39 (39.8) 0.978
LDL 2.6 -3.3, % 53/196 (27.0) 27 (27.6) 26 (26.5)
LDL3.4-4.1,% 41/196 (20.9) 21 (21.4) 20 (20.4)
LDL >=4.2, % 27/196 (13.8) 14 (14.3) 13 (13.3)
HDL, median (Q1, Q3), n=196 1.2 (1.0, 1.5) 1.2 (1.0, 1.4) 1.2 (1.0, 1.5 0.457
Trigylcerides, median (Q1, Q3), | 1.4 (0.9, 2.0) 1.5(1.0,2.2) 1.3(0.9,1.9) 0.196
n=196
Trig<1.7, % 123/196 (62.8) 56 (57.1) 67 (68.4) 0.257
Trigl.7-2.2,% 32/196 (16.3) 19 (19.4) 13 (13.3)
Trig >2.3, % 41/196 (20.9) 23 (23.5) 18 (18.4)
Cardiac and inflammatory
biomarkers
High sensitivity troponin I, median | 2.5 (2.5, 3.0) 2.5(2.5, 3.0) 25(25,3.2) 0.654
(Q1, Q3), n=169
hscTnl < 2.5 ng/L, % 109/169 (64.5) 46 (66.7) 63 (63.0) 0.848
hscTnl 2.5 —45 ng/L, % 59/169 (34.9) 23 (33.3) 36 (36.0)
hscTnl >= 45 ng/L, % 1/169 (0.6) 0(0.0) 1(1.0)
High-sensitivity CRP, median | 2.0 (0.8, 4.2) 2.4 (1.1,4.4) 1.6 (0.7,4.2) 0.112
(Q1, Q3), n=198
hsCRP < 1mg/L, % 58/198 (29.3) 23 (23.5) 35 (35.0) 0.197
hsCRP 1 - 3 mg/L, % 65/198 (32.8) 41 (41.8) 34 (34.0)
hsCRP >3 mg/L, % 75/198 (37.9) 34 (34.7) 31 (31.0)

! Number of patients may not sum to the corresponding column totals where there are missing data for the

laboratory marker.

2 *Data for Hemoglobin and hemoglobin Alc (HbAlc) was available for Aga Khan University Hospital only.
3 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon
test for continuous variables, two-sided; bold p-values indicate statistical significance (p<0.05).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Page 36 of 37

Table S3: Cardiovascular risk factors, markers of myocardial injury and inflammation by
Framingham cardiovascular risk category

Variable Framingham risk score classification (FRS lipid) p-value for trend!
Low Intermediate High Two-sided

Overall

All patients (%) 166 (83.0) 23 (11.5) 11 (5.5) -

Male 58 (34.9) 14 (60.9) 7 (63.6) 0.006

Female 108 (65.1) 9 (39.1) 4 (36.4)

Smoking

Current smoker, % 5/166 (3.0%) 0/23 (0.0) 0/11 (0.0) 0.306

Ex-smoker, % 33/166 (19.9) 6/23 (26.1) 5/11 (45.5)

Never smoker, % 128/166 (77.1) 17/23 (73.9) 6/11 (54.5)

Diabetes, % 3/166 (1.8) 2/23 (8.7) 2/11 (18.2) 0.999

Hypertension?, % 36/166 (21.7) 14/23 (60.9) 10/11 (90.9) <0.001

Hyperlipidemia, % 0/164 (0.0) 1/22 (4.5) 0/11 (0.0) 0.145

Lipid profiles

Total cholesterol, median 45 (3.8,5.0) 49 (4.3,5.4) 51(44,6.4) 0.001

(Q1,Q3)

TC<47,% 93/162 (57.4) 10/23 (43.5) 4/11 (36.4) 0.007

TC48-51,% 20/162 (12.3) 2/23 (8.7) 0/11 (0.0)

TC52-6.1,% 23/162 (14.2) 6/23 (26.1) 1/11 (9.1)

TC>=6.2, % 26/162 (16.0) 5/23 (21.7) 6/23 (54.5)

LDL, median (Q1, Q3) 3.0(2.3,3.5) 3.3(2.4,3.8) 3.6(2.9,4.5) 0.017

LDL < 2.6, % 65/162 (40.1) 8/23 (34.8) 2/11 (18.2) 0.016

LDL 2.6 -3.3, % 47/162 (29.0) 4/23 (17.4) 2/11 (18.2)

LDL3.4-4.1,% 30/162 (18.5) 8/23 (34.8) 3/11 (27.3)

LDL>=4.2,% 12/162 (12.3) 3/23 (13.0) 4/11 (36.4)

HDL, median (Q1, Q3) 1.2 (1.0, 1.5) 1.1(0.9, 1.3) 1.0(0.9,1.2) 0.043

Trigylcerides, median (Q1, | 1.3(0.9,1.9) 19(1.2,3.1) 2.9(1.8,3.4) <0.001

Q3)

Trig< 1.7 110/162 (67.9) 11s/23 (47.8) 2/11 (18.2) <0.001

Trigl.7-2.2 26/162 (16.0) 3/23 (13.0) 3/11 (27.3)

Trig >2.3 26/162 (16.0) 9/23 (39.1) 6/11 (54.5)

Cardiac and inflammatory

biomarkers

High sensitivity troponin 1, | 2.5 (2.5, 2.7) 3.3(25,4.7) 3.3(25,7.1) <0.001

median (Q1, Q3)

hscTnl < 2.5 ng/L, % 100/140 (71.4) 6/18 (33.3) 3/11 (27.3) <0.001

hscTnl 2.5 — 45 ng/L 39/140 (27.9) 12/18 (66.7) 8/11 (72.7)

hscTnl >= 45 ng/L 1/140 (0.7) 0/18 (0.0) 0/11 (0.0)

High-sensitivity CRP, 1.9(0.8,4.1) 29(1.1,5.3) 2.4 (0.9,4.2) 0.283

median (Q1, Q3)

hsCRP < 1mg/L 49/164 (29.9) 6/23 (26.1) 3/11 (27.3) 0.854

hsCRP 1 - 3 mg/L 54/164 (32.9) 6/23 (26.1) 5/11 (45.5)

hsCRP >3 mg/L 61/164 (37.2) 11/23 (47.8) 3/11 (27.3)

Creatinine, median (Q1, Q3) | 83.0 (72.0, 100.5) | 97.0 (87.0, 106.5) | 91.0(79.0, 104.5) | 0.009

! p-values for trend were calculated using Jonckheere-Terpstra for continuous variables and Cochran-Armitage,
or Cochran-Mantel-Haenszel tests, as appropriate, for categorical variables.
2 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) > 90 mmHg, or physician-prescribed blood pressure-lowering medications.
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Item Page
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Title and abstract 1 (a) Indicate the study’s design with a commonly used term in | 2
the title or the abstract
(b) Provide in the abstract an informative and balanced 2
summary of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the 3
investigation being reported
Objectives 3 State specific objectives, including any prespecified 3
hypotheses
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including 4
periods of recruitment, exposure, follow-up, and data
collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods 4
of selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential 4-6
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details | 4-6
measurement of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than one
group
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Statistical methods 12 (a) Describe all statistical methods, including those used to 6-7
control for confounding
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(d) If applicable, describe analytical methods taking account NA
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up, and analysed
(b) Give reasons for non-participation at each stage supplement
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clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each | Table 1
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Main results 16  (a) Give unadjusted estimates and, if applicable, confounder- | Table 4
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Key results 18 Summarise key results with reference to study objectives 18
Limitations 19  Discuss limitations of the study, taking into account sources 20-21
of potential bias or imprecision. Discuss both direction and
magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering 19-20
objectives, limitations, multiplicity of analyses, results from
similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study 18-19
results
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Funding 22 Give the source of funding and the role of the funders for the | 22

present study and, if applicable, for the original study on

which the present article is based
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Abstract

Objectives: To determine the prevalence of cardiovascular disease (CVD) risk factors and
explore associations with high-sensitivity cardiac troponin (hscTnl) and high-sensitivity C-
reactive protein (hsCRP) in people living with HIV (PLHIV) in Kenya.

Design: Pilot cross-sectional study.

Setting: Data were collected from community HIV clinics across two sites in Nairobi, Kenya
from July 2019 to May 2020.

Participants: Convenience sample of 200 PLHIV (=30 years with no prior history of CVD).
Outcome measures: Prevalence of cardiovascular risk factors and its association with hsTnl
and hsCRP levels.

Results: Across 200 PLHIV (median age 46 years, IQR 38-53; 61% females), the prevalence
of hypercholesterolemia (total cholesterol >6.1 mmol/L) and hypertension were 19%
(n=30/199) and 30% (n=60/200), respectively. Smoking and diabetes prevalence was 3%
(n=5/200) and 4% (n=7/200). HscTnl was below the limit of quantification (<2.5 ng/L) in 65%
(n=109/169). 38% (n=75/198), 33% (n=65/198) and 29% (n=58/198) had high (>3mg/L),
intermediate (1-3mg/L) and low (<Img/L) hsCRP levels, respectively. Framingham
laboratory-based risk scores classified 83% of PLHIV at low risk with 12% and 5% at
intermediate and high risk. Older age (adjusted odds ratio [aOR] per year increase 1.05, 95%
confidence interval [CI] 1.01-1.08) and systolic blood pressure (140—-159mmHg [aOR 2.96;
95%CI 1.09-7.90] and >160mmHg [aOR 4.68, 95%CI 1.55-14] compared to <140 mmHg)
were associated with hscTnl levels. No associations were observed between hsCRP and CVD
risk factors.

Conclusion: The majority of PLHIV - using traditional risk estimation systems - have a low
estimated CVD risk likely reflecting a younger aged population predominantly consisting of
women. Hypertension and hypercholesterolemia were common whilst smoking and diabetes
rates remained low. Whilst hscTnl values were associated with increasing age and raised blood
pressure, no associations between hsCRP levels and traditional cardiovascular risk factors were

observed.

Strengths and limitations of this study

e Involvement of people living with HIV from a low- and middle-income settings and from

distinct socioeconomic backgrounds.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Assessment of relatively novel biochemical markers of cardiovascular risk alongside more
traditional cardiovascular risk factors.

Due to the cross-sectional design, we were unable to evaluate the associations between
novel biochemical markers and future cardiovascular events.

The study population was from an urban setting, so generalizability to rural settings in
unknown.

There was no age- and sex-matched uninfected control group.
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Introduction

More than 35 million people are infected with the human immunodeficiency virus (HIV) with
two-thirds being resident in sub-Saharan Africa.! Although the global incidence for HIV has
stabilised, the wide availability of combined antiretroviral therapy (ART) has dramatically
improved survival, resulting in a steady increase in prevalence over the last two decades.?
This improvement in survival has been primarily attributed to a reduction in opportunistic
infections especially in low- and lower-middle-income nations. Conversely, mortality due to
non-communicable illnesses especially cardiovascular disease has been rising and now account

for the majority of deaths in people living with HIV (PLHIV).! 47

People living with HIV - based on studies in high-income countries - have a higher risk of
cardiovascular disease.?® Despite this higher risk, previous studies have indicated that PLHIV
in sub-Saharan Africa have a lower prevalence of traditional cardiovascular risk factors in
comparison to uninfected individuals.® !0 Strategies to risk stratify and mitigate cardiovascular
disease in this population is now urgently required but is challenging in resource limited
nations!! and it remains unclear on optimal approaches with recommendations differing across

regions globally.!?

In this cross-sectional pilot study of PLHIV in Kenya, we evaluate the prevalence of traditional
cardiovascular risk factors and the distribution of estimated cardiovascular risk using
traditional risk scores. We further explore the distribution of markers of myocardial injury and
inflammation in this population. Our additional objectives are to evaluate the logistic
feasibility, including recruitment rates, for a full-scale study invesigating mechanisms in HIV-

associated cardiovascular disease.
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Methods

Study setting and population

This was a pilot, prospective, cross-sectional study of PLHIV >30 years in Nairobi, Kenya.
Population sample size was determined based on the fixed recruitment period from July 2019
to May 2020. Patients were recruited based on convenient sampling and invited to participate
as long as they received care at the two clinical sites (Aga Khan University Hospital and Coptic
Hope Center for Infectious Diseases) where the researchers and their research teams were
based. Aga Khan University Hospital is a fee-for-service tertiary care centre generally serving
a more affluent population whilst the Coptic Hope Center for Infectious Diseases is a Centre
of Disease Control President's Emergency Plan For AIDS Relief funded institution to provide
free antiretroviral therapy to Kenyans who are unable to afford HIV care and treatment.!?
Participants with known cardiovascular disease (previous myocardial infarction or stroke) were

excluded.

Study procedures and blood sampling

All participants completed a standardized questionnaire to capture data on demographics,
including self-reported cardiovascular risk factors, past medical history, current medication
and HIV factors including time since diagnosis. Data were captured on handheld devices
electronically. Anthropometric and hemodynamic data including office blood pressure, height,

weight and heart rate were captured.

Blood sampling
Blood samples were obtained from participants through standard venepuncture. Basic clinical
chemistry and haematology was performed. This included assessment of renal function,

glycaemic control, non-fasted lipid profiles, high-sensitivity cardiac troponin I (hscTnl) and
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high-sensitivity C-reactive protein (hsCRP). Given laboratory constraints, HbAlc and
haematology was only measured in the Aga Khan University Hopsital population.

High-sensitivity troponin I: The Siemens Atellica IM High Sensitivity Troponin I assay
(Siemens Healthineers) is a three-site sandwich immunoassay with a limit of detection of
1.6 ng/L and limit of quantification of 2.5 ng/L. The upper reference limit 99th centile was
determined in 2007 samples from healthy individuals as 34 ng/L in women, and 53 ng/L in
men, with a single threshold of 45 ng/L. In the reference range population, 75% of patients had
values greater than the limit of detection. The level where the inter-assay coefficient of

variation is <10% is 6 ng/L.!4

High-sensitivity C-reactive protein: The Siemens Atellica High Sensitivity C-Reactive protein
assay was used to measure hsCRP levels in stored serum. The assay range is from 0.1 to 50

mg/L with a coefficient of variation of 6.8% at 1.16 mg/L."3

Study definitions

Traditional cardiovascular risk factors were defined as those routinely measured in
cardiovascular risk estimation systems and include basic anthropometry, diabetes and smoking
status, lipid profile, and arterial blood pressure assessment. Body mass index (BMI) was
calculated from measured height and weight and classified as normal weight (18.5-24.9
kg/m?), overweight (25-29.9 kg/m?), and obese (equal to or greater than 30 kg/m?). Current or
past smoking history was self-reported by participants. Hypertension was defined as self-
reported hypertension or measured SBP > 140 mmHg or DBP > 90 mmHg, or physician-
prescribed blood pressure-lowering medications.!® Dyslipidemia was defined as a self-reported
history. Hypercholesterolaemia was defined as a total cholesterol > 6.21 mmol/L. A high low-

density lipoprotein (LDL]) was defined as levels > 4.1 mmol/L.!” Diabetes mellitus was
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defined as self-reported type 1 or 2 diabetes mellitus. Patients, in whom HbA 1¢ was measured,
were classified as those with high (>6.5%), intermediate (5.7-6.4%) and low levels (<5.7%).!3
The hsCRP was categorized as low (<1 mg/L), intermediate (1-3 mg/L), or high (>3 mg/L)."?
High-sensitivity cardiac troponin levels were categorised as below the limit of quantification
(2.5 ng/L), above the limit of quantification but below the 99t centile upper reference limit and

above the 99t centile upper reference limit (45 ng/L).20

Statistical analysis

Baseline demographics, clinical and lifestyle variables, laboratory biomarkers including
markers of myocardial injury, inflammation, glycaemic control, and lipid profiles were
summarised overall and stratified by gender. Continuous variables were reported as median
and interquartile range, while the categorical variables were summarized as frequencies and
percentages. Statistical differences between groups were assessed using Pearson’s chi-square
test or Fisher’s exact test and unpaired two-samples Wilcoxon test or Student’s t-test as
indicated. Sex-specific framingham laboratory-based risk equations were used to quantify the
estimated 10-year CVD risk for each study participant. The equation used age, gender, smoking
status, use of anti-hypertensive medications, prevalent diabetes, and systolic blood pressure.
The risk estimations were computed according to algorithms accessed at
https://framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-10-year-risk/.
Predicted cardiovascular event risk percentage over the next 10 years was classified as low

(< 10%), intermediate (10-20%), and high risk (> 20%).

In further analysis, we evaluated the relationship between baseline markers of myocardial

injury and inflammation and traditional cardiovascular risk factors. We calculated the 25% and

75% percentiles of observed hscTnl data and ordinally scaled it as <2.50 ng/L (undetectable),
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2.50-3.02 ng/L, 3.02-7.12 ng/L, =>7.12 ng/L given the skewness of the variable.?! Three
multivariable ordinal (Cumulative logit) models and linear regression models with hscTnl and
hsCRP as the response variable, respectively, were fitted. The independent variables were age,
sex and cardiovascular risk factors. Model I adjusted for age per year increase, sex, study site
as a surrogate for socioeconomic status and creatinine. Model II additionally adjusted for
hypertension, diabetes, and smoking status (never smoker, former smoker, current smoker).
Model III adjusted for variables in Model I plus systolic blood pressure (SBP < 130 mmHg,
SBP 130 -139 mmHg, SBP 140-159 mmHg, SBP >160 mmHg) and hsCRP or hscTnl. Models
were constructed on complete cases with no imputation. All analysis was carried out in R

(Version 4.1.2).

Ethics statement

Patients were enrolled only after providing written informed consent prior to participation.
After receiving site approval from the Coptic Hope Center for Infectious Diseases in Nairobi,
we obtained ethics approval for data analysis from The Aga Khan University Hospital, Nairobi
Research Ethics Committee (approval letter reference: 2018/REC-84). The research was

carried out in accordance with the Helsinki Declaration's principles.

Patient and public involvement

No patient involved
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Results

Two hundred patients (median age 46 years [IQR 38 to 53 years], 61% females) were recruited
in this cross-sectional study consisting (Figure S1). Prevalence of smoking was 2.5% across
the cohort and higher in males compared to females. Hypertension was the most common
cardiovascular risk factor at 30% with rates higher in males (33%) compared to females (28%).
Self-reported dyslipidemia was low at 0.5% but much higher when classified according to a
total cholesterol concentration >6.1 mmol/L (19%). The prevalence of elevated LDL >= 4.2
mmol/L was 14%. Seventeen percent of the population had a systolic blood pressure >= 140
mmHg and 15% of the population had a diastolic blood pressure >= 90 mmHg. Obesity rates
were high with 29% considered obese and 36% overweight. Obesity rates were higher in
women at 34% compared to males (22%). Past history of malaria and tuberculosis remained
high at 32% and 18% respectively. Over 90% of participants were receiving antiretroviral
therapy and median duration of diagnosis to study recruitment was 12 years (Table 1 and Table
2). Given differences in the population served at Aga Khan University and Coptic hospitals,
we observed important differences in baseline characteristics. Patient treated at Coptic hospital

has lower income levels and higher rates of elevated blood pressure (Table S1).

Stored serum was available to measure hscTnl concentrations in 169 of the 200 participants.
Despite using a hscTnl assay, the majority had concentrations below the limit of quantification
at <2.5 ng/L (n=109/169, 65%). Fifty-nine patients (n = 59/169 ,35%) had concentration levels
above the limit of quantification but below the 99™ centile upper reference limit. Serum hsCRP
was measured in 198 of the 200 participants. The median hsCRP was 2 mg/L (IQR 0.8 to 4.2
mg/L). Levels were numerically higher in women compared to men (2.2 mg/L versus 1.5

mg/L). High-sensitivity CRP categorised 75 (38%) patients as having a high level (> 3mg/L)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 33


http://bmjopen.bmj.com/

Page 11 of 33

oNOYTULT D WN =

BMJ Open

with 65 (33%) and 58 (29.3) at intermediate (1-3 mg/L) and low (<1 mg/L) levels. Levels of

hscTnl and hsCRP did not differ when stratified by site (Table S2).

Table 1: Baseline demographics and clinical characteristics’

Characteristics All patients (n=200) Sex p-value
Females (n=121) Males (n = 79) 2

Age, median (Q1, Q3), years 45.5(37.7,52.6) 44.2 (37.3,50.5) 47.3 (38.0,53.1) 0.206

Years of education, median (Q1, Q3) | 14.0 (12.0, 16.0) 14.0 (12.0, 16.0) 15.0 (12.0, 16.5) 0.174

Highest level of education attained

Primary/none/don’t know, % 30/200 (15.0) 18/121 (14.9) 12/79 (15.2) 0.825

Secondary, % 45/200 (22.5) 29/121 (24.0) 16/79 (20.3)

Higher Education/University, % 125/200 (62.5) 74/121 (61.2) 51/79 (64.6)

Marital status

Married (monogamous/polygamous) , | 128/200 (64.0) 64/121 (52.9) 64/79 (81.0) <0.001

%

Single 26/200 (13.0) 23/121 (19.0) 3/79 (3.8)

Separated/widowed/divorced/refused/ | 46/200 (23.0) 34/121 (28.1) 12/79 (15.2)

cohabiting/others, %

Employment status

Salaried Job or self-employed, % 180/200 (90.0) 105/121 (86.8) 75/79 (94.9) 0.148

Unemployed/housewife/retiree, % 13/200 (6.5) 11/121 (9.1) 2/79 (2.5)

Casual labourer, % 7/200 (3.5) 5/121 (4.1) 2/79 (2.5)

Household income per month

< 15,001 KES?, % 34/198 (17.2) 26/119 (21.8) 8/79 (10.1) 0.051

> 15,001 KES, % 164/198 (82.8) 93/119 (78.2) 71/79 (89.9)

Cardiovascular risk factors

Smoking

Current smoker, % 5/200 (2.5) 2/121 (1.7) 3/79 (3.8) <0.001

Ex-smoker, % 44/200 (22.0) 11/121 (9.1) 33/79 (41.8)

Never smoker, % 151/200 (75.5) 108/121 (89.3) 43/79 (54.4)

Diabetes, % 7/200 (3.5) 4/121 (3.3) 3/79 (3.8) 0.661

Self-reported hypertension®, % 44/200 (22.0) 30/121 (24.8) 14/79 (17.7) 0.315

Cumulative hypertension’, % 60/200 (30.0) 34/121 (28.1) 26/79 (32.9) 0.570

Self-reported dyslipidemia, % 1/197 (0.5) 1/119 (0.8) 0/78 (0.0) 0.153

Chronic kidney disease, % 2/200 (1.0) 1/121 (0.8) 1/79 (1.3) 0.863

HIV

Time since (months) HIV® infection, | 143.0 (59.0, 191.0) 144.0 (62.0, 191.0) 131.0 (56.5,191.0) | 0.574

Median (Q1, Q3)

I'Number of patients may not sum to the corresponding column totals where there are missing data for the

variable.

2 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon
test for continuous variables, two-sided; bold p-values indicate statistical significance (p<0.05).

3 KES, Kenya shillings currency code

4 Self-reported physician-diagnosed hypertension.
3 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) > 90 mmHg, or physician-prescribed blood pressure-lowering medications.
¢ HIV, human immunodeficiency virus,
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Characteristics All patients (n=200) Sex p-value
Females (n=121) Males (n = 79) 2

Currently on ART’, % 195/200 (97.5) 119/121 (98.3) 76/79 (96.2) 0.385

Past medical history

Malaria, % 21/200 (10.5) 10/121 (8.3) 11/79 (13.9) 0.298

Tuberculosis, % 12/200 (6.0) 7/121 (5.8) 5/79 (6.3) 1.000

Clinical characteristics

Body mass index, BMI (Kg/m?), | 26.8 (23.4, 30.8) 27.9 (23.8, 32.3) 26.0 (23.2, 29.6) 0.010

median (Q1, Q3)

BMI <25, % 71/200 (35.5) 37/121 (30.6) 34/79 (43.0) 0.100

BMI 25 to 29, % 71/200 (35.5) 43/121 (35.5) 41/79 (33.9)

BMI >30, % 58/200 (29.0) 41/121 (33.9) 17/79 (21.5)

Systolic blood pressure (mmHg), | 120.0 (110.0, 133.0) 120.0 (110.0, 130.0) 122.0 (111.5, 133.0) | 0.272

Median (Q1, Q3), n =200

SBP < 130 mmHg, % 136/200 (68.0) 86/121 (71.1) 50/79 (63.3) 0.173

SBP 130 -139 mmHg, % 30/200 (15.0) 19/121 (15.7) 11/79 (13.9)

SBP 140-159 mmHg, % 19/200 (9.5) 7/121 (5.8) 12/79 (15.2)

SBP >160 mmHg, % 15/200 (7.5) 9/121 (7.4) 6/79 (7.6)

Diastolic blood pressure (mmHg), | 78.0 (71.0, 85.0) 77.0 (71.0, 84.0) 80.0 (72.0, 85.0) 0.301

Median (Q1, Q3), n =200

DBP < 85 mmHg, % 149/200 (74.5) 92/121 (76.0) 57/79 (72.2) 0.417

DBP 85 — 89 mmHg, % 22/200 (11.0) 10/121 (8.3) 12/79 (15.2)

DBP 90— 99, % 17/200 (8.5) 12/121 (9.9) 5/79 (6.3)

DBP > 100, % 12/200 (6.0) 7/121 (5.8) 5/79 (6.3)

Heart rate (bpm) median (Q1, Q3) 78.0 (74.0, 82.0) 76.5 (74.8, 84.2) 78.0 (72.0, 81.0) 0.474

Current cardiovascular medications

RAAS modulators, % 16/200 (8.0) 11/121 (9.1) 5/79 (6.3) 0.662

Calcium channel blockers, % 8/200 (4.0) 5/121 (4.1) 3/79 (3.8) 1.000

Beta-blockers, % 8/200 (4.0) 5/121 (4.1) 3/79 (3.8) 1.000

Diuretics, % 10/200 (5.0) 8/121 (6.6) 2/79 (2.5) 0.321

Statins, % 2/200 (1.0) 1/121 (0.8) 1/79 (1.3) 1.000

7 ART, antiretroviral therapy.
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Table 2: Biochemistry and haematology!

Characteristics All patients Sex p-value?

(n=200) Females Males (n=79)

(n=121)

Creatinine, median (Q1, | 85.0(73.0, 101.0) | 77.5 (69.0, | 99.0 (89.0, 113.0) | <0.001
Q3), n=197 89.3)
Urea, median (Q1, Q3), | 3.7 (3.1, 4.6) 3.6 (3.0,4.3) 3.8(3.2,5.0) 0.013
n=196
Hemoglobin, mean (SD) , | 14.01 (2.06) 12.90 (1.77) 15.31 (1.55) <0.001
n=98*3
Glucose, median (Ql1, | 4.8 (4.4,5.3) 4.8 (4.3,5.3) 4.9 (4.5,5.3) 0.169
Q3),n=197
HbAlc, median (Q1, Q3), | 5.6 (5.4,5.9) 5.6(5.4,5.8) 5.8(5.4,6.1) 0.013
n=98*
HbAlc<5.7, % 50/98 (51.0) 34/53 (64.2) 16/45 (35.6) 0.004
HbAlc5.7-6.4, % 45/98 (45.9) 19/53 (35.8) 26/45 (57.8)
HbAlc>=6.5 % 3/98 (3.1) 0/53 (0.0) 3/45 (6.7)
Lipid profiles
Total cholesterol, median | 4.6 (3.9, 5.1) 4.7(3.9,5.2) 4.5@3.9,5.1) 0.706
(Q1, Q3), n=196
TC<4.7,% 107/196 (54.6) 59/118 (50.0) | 48/78 (61.5) 0.393
TC4.8-5.1,% 22/196 (11.2) 15/118 (12.7) | 7/78 (9.0)
TC52-6.1,% 30/196 (15.3) 21/118 (17.8) | 9/78 (11.5)
TC>=6.2, % 37/196 (18.9) 23/118 (19.5) | 14/78 (17.9)
LDL, median (Q1, Q3), | 3.0 (2.3, 3.6) 3.0(2.4,3.7) 3.0(2.3,3.5) 0.747
n=196
LDL <2.6 75/196 (38.3) 46/118 (39.0) | 29/78 (37.2) 0.619
LDL2.6-33 53/196 (27.0) 30/118 (25.4) | 23/78 (29.5)
LDL3.4-4.1 41/196 (20.9) 23/118 (19.5) | 18/78 (23.1)
LDL >=42 27/196 (13.8) 19/118 (16.1) | 8/78 (10.3)
HDL, median (Q1, Q3), | 1.2 (1.0, 1.5) 1.2 (1.1, 1.5) 1.1(1.0,1.3) 0.001
n=196
Trigylcerides, median | 1.4 (0.9, 2.0) 1.2 (0.9, 1.7) 1.7 (1.0, 2.7) 0.0005
(Q1, Q3), n=196
Trig<1.7 123/196 (62.8) 86/118 (72.9) | 37/78 (47.4) <0.0001
Trig1.7-2.2 32/196 (16.3) 19/118 (16.1) | 13/78 (16.7)
Trig >2.3 41/196 (20.9) 13/118 (11.0) | 28/78 (35.9)
Cardiac and
inflammatory
biomarkers
High sensitivity troponin | 2.5 (2.5, 3.0) 2.5(2.5,2.5) 2.7(2.5,3.8) <0.0001
I, median (Q1, Q3), n=169
hscTnl <2.5 ng/L, % 109/169 (64.5) 78/103 (75.7) | 31/66 (47.0) <0.001
hscTnl 2.5 — 45 ng/L 59/169 (34.9) 24/103 (23.3) | 35/66 (53.0)
hscTnl >= 45 ng/L 1/169 (0.6) 1/103 (1.0) 0/66 (0.0)

I'Number of patients may not sum to the corresponding column totals where there are missing data for the

laboratory marker.

2 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon

test or Student’s t-test for continuous variables, two-sided; bold p-values indicate statistical significance

(p<0.05).

3 * Hemoglobin and hemoglobin Alc (HbAlc) summaries are from Aga Khan University Hospital only.
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Characteristics All patients Sex p-value?
(n=200) Females Males (n=79)
(n=121)
High-sensitivity CRP, | 2.0(0.8,4.2) 2.2(0.9,4.5) 1.5 (0.8, 3.8) 0.144
median (Q1, Q3), n=198
hsCRP < Img/L 58/198 (29.3) 31/120 (25.8) | 27/78 (34.6) 0.300
hsCRP 1 - 3 mg/L 65/198 (32.8) 39/120 (32.5) | 26/78 (33.3)
hsCRP >3 mg/L 75/198 (37.9) 50/120 (41.7) | 25/78 (32.1)

Using the sex stratified Framingham laboratory-based risk score with lipids, the majority of
the HIV population was classified at low risk (83%) with 12% at intermediate risk and 5% at
high risk. Although sample sizes remained limited when stratified by sex and risk category, the
prevalence of hypertension remained higher in women compared to men (7able 3) and as

expected higher in the intermediate and high-risk groups across the population (7Table S3).

Association between hscTnl and hsCRP and traditional cardiovascular risk factors were also
evaluated (Table 4). The findings from cumulative logit models showed that older patients
were more likely to have higher hscTnl levels (adjusted odds ratio (aOR) per year: 1.05, 95%
confidence interval (CI): 1.01-1.09, p<0.011). Female patients, compared to male patients,
were identified as having lower hscTnl levels. Systolic blood pressures (SBP) of 140-159
mmHg and SBP >160 mmHg were associated with higher hscTnl concentrations (aOR 2.96
(95% CI: 1.09-7.90, p=0.030) and 4.68 (95% CI: 1.55-14.1, p=0.006, respectively) compared
to those with SBP <130 mmHg. Our study did not find any strong associations between hsCRP
and traditional cardiovascular risk factors including age, hypertension, diabetes and smoking.
We also did not find any association between SBP levels and hsCRP. Levels of hsCRP were
higher for HIV-patients with higher hscTnl levels. Study site - as a surrogate for socioeconomic

status — was not associated with hscTnl or hsCRP.
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Table 3: Cardiovascular risk factors, markers of myocardial injury and inflammation by cardlovasculggr risk category!

w

a1
Variable Framingham risk score classification (FRS lipid)? pvalue for trend?

Low Intermediate High Increfling | Two-sided

Males 5
All (%) 58(73.4) 14 (17.7) 7(8.9) N
Smoking - N 0.503
Current smoker, % 3/58 (5.2) 0/14 (0.0) 0/7 (0.0) g
Ex-smoker, % 22/58 (37.9) 6/14 (42.9) 5/7(71.4) g
Never smoker, % 33/58 (56.9) 8/14 (57.1) 2/7 (28.6) ]
Diabetes, % 3/58 (5.2) 0/14 (0.0) 0/7 (0.0) 0.163 @ 0.326
Hypertension*, % 12/58 (20.7) 6/14 (42.9) 7/7 (100.0) <0.001 =z <0.001
Hyperlipidemia, % 0/58 (0.0) 0/13 (0.0) 0/7 (0.0) — g_ —
Lipid profiles g
Total cholesterol, median (Q1, Q3) 4.3 (3.8,4.9) 4.5(4.3,54) 6.2 (5.0, 6.8) 0.005 3 0.007
TC<4.7,% 39/57 (68.4) 8/14 (57.1) 1/7 (14.3) El <0.001
TC48-51,% 7/57 (12.3) 0/14 (0.0) 0/7 (0.0) -r'g
TC52-6.1,% 5/57 (8.8) 4/14 (28.6) 0/7 (0.0) g
TC>=6.2,% 6/57 (10.5) 2/14 (14.3) 6/7 (85.7) 5
LDL, median (Q1, Q3) 3.0(23,34) 3.2(2.3,3.5) 393.5,5.2) 0.016 = 0.039
Cardiac and inflammatory biomarkers e
High sensitivity troponin I, median (Q1, Q3) | 2.5 (2.5,3.4) 34(2.8,5.2) 4.1(2.9,7.1) 0.013 > 0.020
hscTnl < 2.5 ng/L, % 26/48 (54.2) 3/11 (27.3) 2/7 (28.6) — % 0.083
hscTnl 2.5 — 45 ng/L 22/48 (45.8) 8/11 (72.7) 5/7(71.4) N
hscTnl >= 45 ng/L 0/48 (0.0) 0/11 (0.0) 0/7 (0.0) §
High-sensitivity CRP, median (Q1, Q3) 1.5 (0.8, 4.0) 2.3(0.8,3.1) 1.0 (0.7, 3.6) 0.523 = 0.95
hsCRP < Img/L 19/57 (33.3) 5/14 (35.7) 3/7 (42.9) — % 0.782

0

v

I'Number of patients may not sum to the corresponding column totals where there are missing data for the cardiovascular risk fact@/marker
2 Risk categories classified as low (<10%), intermediate (10-19%) and high (>= 20%)

3 p-values for trend were calculated Jonckheere-Terpstra for continuous variables and Cochran-Armitage, or Cochran-Mantel- P&enszel tests, approporiate, for categorical

variables.

4 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90 rnm}% or physician-prescribed blood pressure-

lowering medications.
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Variable Framingham risk score classification (FRS lipid)? alue for trend?
Low Intermediate High Incregsing Two-sided

hsCRP 1 - 3 mg/L 20/57 (35.1) 414 (28.6) 2/7 (28.6) =)
hsCRP >3 mg/L 18/57 (31.6) 514 (35.7) 2/7 (28.6) o
Creatinine, median (Q1, Q3) 100.0 (89.5, 113.2) | 98.5 (94.8, 115.0) | 91.0 (79.0, 104.5) | 0.702 5 0.610
Females R
All (%) 108 (89.3) 9(7.4) 4(3.3) E
Smoking o
Current smoker, % 2/108 (1.9) 0/9 (0.0) 0/4 (0.0) — § 0.241
Ex-smoker, % 11/108 (10.2) 0/9 (0.0) 0/4 (0.0) ]
Never smoker, % 95/108 (88.0) 9/9 (100.0) 4/4 (100.0) 3
Diabetes, % 0/108 (0.0) 2/9 (22.2) 2/4 (50.0) 1.000 = <0.0001
Hypertension®, % 24/108 (22.2) 7/9 (77.8) 3/4 (75.0) <0.000E <0.001
Hyperlipidemia, % 0/106 (0.0) 1/9 (11.1) 0/4 (0.0) 0.976 é 0.048
Lipid profiles S
Total cholesterol, median (Q1, Q3) 4.6 (3.8,5.1) 54(4.9,6.1) 4.44.3,4.7) 007 3. 0.031
TC<4.7,% 54/105 (51.4) 2/9 (22.2) 3/4 (75.0) — E 0.883
TC4.8-5.1,% 13/105 (12.4) 2/9 (22.2) 0/4 (0.0) g
TC52-6.1,% 18/105 (17.1) 2/9 (22.2) 1/4 (25.0) P
TC>=6.2,% 20/105 (19.0) 3/9 (33.3) 0/4 (0.0) S
LDL, median (Q1, Q3) 2.9(24,3.5) 4.0 (3.3,4.2) 2.9(2.6,3.2) 0.042 o 0.082
Cardiac and inflammatory biomarkers 2z
High sensitivity troponin I, median (Q1, Q3) | 2.5 (2.5, 2.5) 2.8(2.5,4.1) 2.7(2.6,5.2) 0.003 = 0.006
hscTnl <2.5 ng/L, % 74/92 (80.4) 3/7 (42.9) 1/4 (25.0) - : 0.003
hscTnl 2.5 — 45 ng/L 17/92 (18.5) 4/7 (57.1) 3/4 (75.0) §
hscTnl >= 45 ng/L 1/92 (1.1) 0/7 (0.0) 0/4 (0.0) g
High-sensitivity CRP, median (Q1, Q3) 2.0(0.9,4.3) 6.9 (2.2,10.3) 2.6(2.5,4.49) 0.012 < 0.022
hsCRP < 1mg/L 30/107 (28.0) 1/9 (11.1) 0/4 (0.0) - 3 0.128
hsCRP 1 - 3 mg/L 34 (31.8) 2/9 (22.2) 3/4 (75.0) -_'g
hsCRP >3 mg/L 43 (40.2) 6/9 (66.7) 1/4 (25.0) s
Creatinine, median (Q1, Q3) 76.0 (69.0, 85.5) 88.0 (75.0, 94.0) 91.0 (84.2,99.5) | 0.047 % 0.047

O

<

3 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90 rnm}@, or physician-prescribed blood pressure-
lowering medications. =
«Q
=0
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1
2 1
3 Table 4: Relationship between baseline markers of myocardial injury and inflammation and traditioniﬁ cardiovascular risk factors,
: displayed as multivariable-adjusted odds ratios'® for hscTnl and multivariable-adjusted mean differen@es17 for hsCRP
o
? High-sensitivity troponin I High-sensitivitpC-Reactive Protein
8 | Risk factor Model 1 Model II Model 111 Model I Medel 11 Model IIT
9 AOR' (95% CI)"* AOR (95% CI) AOR (95% CI) Adjusted Coef.2? (95% | Adjusted,Coef. (95% Adjusted Coef. (95%
10 (8])) 1) (8]))
11| Age (years) 1.05 1.05 1.04 0.004 @.01 0.02
12 (1.02 to 1.09, p=0.004) | (1.01 to 1.09, p=0.021) | (1.00 to 1.08, p=0.032) | (-0.12 to 0.12, p=0.952) | (-0.11 to 8.14, p=0.860) | (-0.13 to 0.17, p=0.775)
13 Sex %
14 Male Reference Reference Reference Reference R%ference Reference
Y Female 0.32 0.39 0.38 1.66 T.49 0.04
19 (0.14 t0 0.70, p=0.004) | (0.16 to 0.93, p=0.035) | (0.17 to 0.84, p=0.018) | (-0.85 to 4.18, p=0.194 | (-1.28 to £.25, p=0.290) | (-3.39 to 3.47, p=0.980)
17"Study Site?’ =
1 AKUNH Reference Reference Reference Reference Reference Reference
2 Coptic 1.08 0.97 0.91 0.78 §.91 0.87
51 (0.54 t0 2.16, p=0.832) | (0.48 t0 1.99, p=0.941) | (0.44 to 1.90, p=0.805) | (-1.70 to 3.27, p=0.536) | (-1.63 to3.45, p=0.481) | (-2.02 to 3.76, p=0.553)
2 Hypertension - 2.76 - - 31.23 -
23 (1.36 to 5.63, p=0.005) (-3.91 t0§45, p=0.366)
24 Diabetes — 0.53 - - 9.41 -
5 (0.06 to 3.37, p=0.513) (-6.24 to 3.06, p=0.903)
¢ Smoking S
27 Never Reference Reference - — ReZerence —
28 smoker ,::
29 I
o
30 N
31 16 Cumulative Logit Model with high-sensitivity Troponin-I response as myocardial injury marker. Bold p-values indicate statisticé significance (p<0.05). Model I adjusts for
32 age, sex, creatinine and study site; Model II as for Model I plus history of hypertension, diabetes and smoking status; Model 111 as?[odel I plus systolic blood pressure and
33 hsCRP levels 4]
34 17 Linear Regression with high-sensitivity C-Reactive Protein (hsCRP) response as inflammation marker. Bold p-values indicate stafistical significance (p<0.05). Model I
35 adjusts for age, sex and creatinine; Model II as for Model I plus history of hypertension, diabetes and smoking status; Model III as %/Iodel I plus systolic blood pressure and
36 hsCRP levels Q
37 18 AOR, adjusted odds ratio. 3
38 19 CI, confidence interval g
39 20 Coef., coefficient as multivariable mean difference. §
40 2l AKUHN, Aga Khan University Hospital, Nairobi; Coptic, Coptic Hope Center for Infectious Diseases. <
41 g
42 '
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 1
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1 S
2 N
3 High-sensitivity troponin I High-sensitivitﬁC-Reactive Protein
g Risk factor Model I Model IT Model III Model I Nfédel 11| Model ITI
6 AOR'8 (95% CI)"® AOR (95% CI) AOR (95% CI) Adjusted Coef.?’ (95% Adjusteg Coef. (95% Adjusted Coef. (95%
7 CI) LD CI)
8 Former — 1.19 - - .45
9 smoker (0.51 t0 2.70, p=0.685) (-3.61 to ;.72, p=0.781)
10 Current - 1.36 - - 9.22
11 smoker (0.15t0 9.11, p=0.762) (-7.47 to .92, p=0.954)
. |
12 Systolic Blood g
13 Pressure 2
14 SBP < 130 Reference - Reference — 2 — Reference
1 mmHg 2
16 SBP 130 - - - 2.29 - F- -2.40
17 139 mmHg (0.87 to 5.87, p=0.087) f (-6.37 to 1.58, p=0.235)
18 SBP 140- - - 3.08 - =5- -3.47
19 159 mmHg (1.13 to 8.34, p=0.026) = (-8.13 to 1.19, p=0.143)
20 SBP>160 - — 5.40 - = -2.09
21 mmHg (1.75 to 16.6, p=0.003) B (-7.45 t0 3.26, p=0.441)
22 High-sensitivity - - 1.05 - o— -
23 CRP mg/L (1.01 to 1.10, p=0.014) 3.
24 High-sensitivity g
25 troponin-I S
26 <2.50ng/L Reference Reference Reference Reference Reierence Reference
21™250-3.02 - - - - 2- 442
;8 ng/L © (0.78 to 8.07, p=0.018)
39 3.02-7.12 — - - — S— 1.20
31 ng/L = (-2.43 to0 4.84, p=0.514)
3 >7.12 ng/L - - - — - 0.57
33 § (-3.23 to0 4.38, p=0.766)
34 Creatinine mg/L 1.00 1.01 1.01 -0.01 =0.01 -0.11
3 (0.98 t0 1.03, p=0.671) | (0.99-1.03, p=0.399) (0.99 to 1.04, p=0.177) | (-0.05 to 0.02, p=0.568) | (-0.04 to g’.03, p=0.644) | (-0.20 to -0.03, p=0.010)
36 &
37 a
38 3
39 8
40 =
41 g
42 '
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 1
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Discussion

In this small, descriptive, cross-sectional study across two sites in urban Kenya, we evaluated
the prevalence of traditional cardiovascular risk factors. We also explored how biochemical
markers of inflammation and myocardial injury are associated with traditional cardiovascular
risk factors in PLHIV. We make a number of observations. First, in a relatively young
population with HIV, some traditional cardiovascular risk factors were common. Smoking and
diabetes rates, however, were low. Second, using traditional risk estimation systems, the
majority of the young HIV population were categorized as low-risk for future cardiovascular
events. Third, across the majority of patients, hsTnl values were below the limit of detection.
Fourth, in exploratory analysis we found no associations between hsCRP levels and traditional
cardiovascular risk factors but did observe a positive association between hscTnl levels and

increasing age and higher systolic blood pressure.

Some traditional cardiovascular risk factors were common in the HIV population studied.
Hypertension was self-reported in 1 in 5 individuals and higher, at 1 in 3, when classified by
office systolic blood pressure measurement and/or use of anti-hypertensives. Self-reported
dyslipidemia was low at 1 in 20 but much higher when based on total cholesterol concentration
>6.1 mmol/L (19%). This discordance likely reflects individuals being unaware of their
cholesterol status. Smoking and diabetes rates, however, remained relatively low in contrast to
PLHIV in high income countries.”?> Our prevalence rates of traditional cardiovascular risk
factors are in agreement with other studies from the sub-Saharan African region®*-> and
discordant to those evaluating PLHIV in high-income settings.??> 26 Whilst North American /

European studies contribute to most of the evidence evaluating cardiovascular disease in HIV,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

the region only hosts 6% of the global HIV population compared to 75% for sub-Saharan
Africa.?’ 28 PLHIV in sub-Saharan Africa and North America / Europe are different by virtue
of the factors associated with HIV acquisition. HIV remains firmly established in the general
population in SSA but overwhelmingly affects men who have sex with men and intravenous
drug users in North America / Europe.?’ These differences probably account for regional
discordance in the association between HIV status and prevalence of cardiovascular risk factors
that has been observed in the published literature. Positive associations in North America /

Europe either become null or even reverse in sub-Saharan Africa.2-2630-33

Using the sex stratified Framingham laboratory-based risk score, the overwhelming majority
of the HIV population was classified at low risk (83%) with 12% at intermediate risk and 5%
at high risk. Similar risk categorizations were obtained when using the Framingham non-
laboratory-based risk scores. All established cardiovascular risk estimation systems —
predominantly developed in high-income countries and not accounting for HIV status are
highly influenced by age. As such, our findings likely reflect the younger age distribution in
our study.!? 3* Whether this estimation of low-risk, using generalized risk scores developed
predominantly in high-income countries, reflects the observed cardiovascular risk of HIV

individuals in sub-Saharan Africa remains uncertain.

Previous studies have shown how biochemical markers, such as hsCRP and hscTnl, may hold
promise in improving cardiac risk estimation systems.> Our study showed that the majority of
individuals had undetectable levels of hscTnl with only 1 in 3 patients demonstrating levels
above the limit of detection. Previous studies in high-income settings have shown that during
acute HIV infection, troponin levels are higher but drop 3-fold once viremic control is

achieved.’® A large proportion of our patients were established on antiretroviral therapy and

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 33


http://bmjopen.bmj.com/

Page 21 of 33

oNOYTULT D WN =

BMJ Open

with the duration of diagnosis to study recruitment being nearly 12 years. Two studies showed
contrasting results when evaluating the association between troponin levels and presence of
coronary plaques, with results primarily applicable to men with HIV in non-endemic regions.3’
38 Levels of hsCRP, suggestive of underlying inflammation, were high in this study with
women having higher concentrations. Whether higher baseline hsCRP levels relate to increased
risk of cardiovascular events in HIV, however, remains uncertain with contrasting data in the
published literature.3**? Higher levels of hsCRP in people with HIV is biologically plausible
and supported by previous studies?® 4!, but may not just be reflective of vascular disease.*? As

such the specificity of hsCRP for cardiovascular disease in PLHIV may be low.

Our study showed, hscTnl levels were higher in males, associated with increasing age,
measured systolic blood pressure, and reported history of hypertension. This is similar to what
has been observed in the general population.®3 4 However, surprisingly, in our study, much of
the population had troponin concentrations below the limit of quantification despite using a
high-sensitivity assay likely reflective of a younger population. Unlike in the general
population®®, We did not show any robust association between hsCRP and traditional
cardiovascular risk factors. This may reflect the younger age of our population with previous

studies showing higher hsCRP values in the elderly.*6

This is one of the few studies that has quantified the prevalence of cardiovascular risk factors
and explored their association with biochemical markers of inflammation and myocardial
injury in HIV populations from two distinct centres in urban Kenya. However, several
limitations should be considered. First, our study was cross-sectional and we were unable to
evaluate the associations between novel biochemical markers and future cardiovascular events.

Second, HIV populations in our study were recruited across two centres in Nairobi,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

representing a predominantly urban population. Whether our findings are generalisable to rural
populations remains uncertain. Third, given resource limitations, we did not study age- and
sex-matched non-HIV populations and were limited to a finite choice of biochemical
biomarkers. As such our study is unable to comment on associations between a wider range of
biochemical markers and cardiovascular risk factors in the general population and how these
may differ to those infected with HIV. For the same reason we were also unable to measure
metric if infection control (viral load and CD4 count) at the time of recruitment. Fourth, some
of the risk factors such as diabetes status depended on self-reporting — as such, the absence of
associations may reflect exposure misclassification. Lastly, we cannot exclude the possibility
that associations between biomarkers and outcomes may in part be due to residual confounding

or unmeasured confounders.

Conclusions

In conclusion, we show that whilst some traditional cardiovascular risk factor prevalences
remain high in HIV populations in sub-Saharan Africa, important ones such as smoking are
low. This is in contrast to HIV populations in non-endemic regions??. The majority of PLHIV
- using traditional risk estimation systems - have a low estimated CVD risk likley reflecting a
younger aged population predominantly consisting of women. Whilst hscTnl values were
associated with increasing age and higher blood pressure, no associations between hsCRP

levels and traditional cardiovascular risk factors were observed.
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Figure S1: Study flow diagram
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Table S1: Baseline demographics and clinical characteristics by clinical site!

1

2

3

4

5 — - -

| Characteristics All patients (n=200) Site p-value?
7 Aga Khan University | Coptic Hope Center for

8 Hospital (n= 100) Infectious Diseases (n =

9 100)

10 Age, median (Q1, Q3), years 45,5 (37.7,52.6) 41.9 (35.3,49.4) 48.0 (40.5, 54.3) <0.001
11 Gender

12 Male, % 79/200 (39.5) 46/100 (46.0) 33/100 (33.0) 0.083
13 Female, % 121/200 (60.5) 54/100 (54.0) 67/100 (67.0)

14 Years of education, median (Q1, Q3) 14.0 (12.0, 16.0) 16.0 (13.0, 16.0) 13.5 (10.8, 16.0) <0.001
15 Highest level of education attained

16 Primary/none/don’t know, % 30/200 (15.0) 5/100 (5.0) 25/100 (25.0) <0.001
17 Secondary, % 45/200 (22.5) 21/100 (21.0) 24/100 (24.0)

18 Higher Education/University, % 125/200 (62.5) 74/100 (74.0) 51/100 (51.0)

19 Marital status

20 Married (monogamous/polygamous) , % 128/200 (64.0) 70/100 (70.0) 58/100 (58.0) 0.119
21 Single 26/200 (13.0) 13/100 (13.0) 13/100 (13.0)

22 Separated/widowed/divorced/refused/ 46/200 (23.0) 17/100 (17.0) 29/100 (29.0)

23 cohabiting/others, %

24 Employment status

25 Salaried Job or self-employed, % 180/200 (90.0) 91/100 (91.0) 89/100 (89.0) 0.117
26 Unemployed/housewife/retiree, % 13/200 (6.5) 8/100 (8.0) 5/100 (5.0)

27 Casual labourer, % 7/200 (3.5) 1/100 (1.0) 6/100 (6.0)

28 Household income per month

29 < 15,001 KES®, % 34/198 (17.2) 6/100 (6.0) 28/98 (28.6) <0.001
30 > 15,001 KES, % 164/198 (82.8) 94/100 (94.0) 70/98 (71.4)

31 Cardiovascular risk factors

32 Smoking

33 Current smoker, % 5/200 (2.5) 3/100 (3.0) 2/100 (2.0) 1.000
34 Ex-smoker, % 44/200 (22.0) 22/100 (22.0) 22/100 (22.0)

35 Never smoker, % 151/200 (75.5) 75/100 (75.0) 76/100 (76.0)

36 Diabetes, % 7/200 (3.5) 5/100 (5.0) 2/100 (2.0) 0.444
37 Self-reported hypertension®, % 44/200 (22.0) 22/100 (22.0) 22/100 (22.0) 1.000
38 Cumulative hypertension®, % 60/200 (30.0) 25/100 (25.0) 35/100 (35.0) 0.165
39 Dyslipidemia, % 1/197 (0.5) 0/100 (0.0) 1/97 (1.0) 0.288
40 Chronic kidney disease, % 2/200 (1.0) 2/100 (2.0) 0/100 (0.0) 0.036
41 HIV

49 Time since (months) HIV® infection, Median | 143.0 (59.0, 191.0) 106.0 (47.0, 191.0) 159.0 (95.0, 191.0) 0.037
43 (Q1, Q3)

44 Currently on ART?, % 195/200 (97.5) 95/100 (95.0) 100/100 (100.0) 0.059
4% Past medical history

46 Malaria, % 21/200 (10.5) 0/100 (0.0) 21/100 (21.0) <0.001
47 Tuberculosis, % 12/200 (6.0) 4/100 (4.0) 8/100 (8.0) 0.373
48 Clinical characteristics

49

50

51 ! Number of patients may not sum to the corresponding column totals where there are missing data for the

52 variable.

53 2 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon

54 test or Student’s t-test for continuous variables, two-sided; bold p-values indicate statistical significance

55 (p<0.05). N

56 3 KES, Kenya shllllng_s currency code _

57 4 Self-reported physician-diagnosed hypertension. _ _

58 5 Self-reported hypertension or measurefi systolic blood pressure (_SBP) > _140_mmHg or diastolic blood pressure

59 (DBP) > 90 mmHg, or phys@cian-pr_escrlbed blood pressure-lowering medications.

60 8 HIV, human immunodeficiency virus,

" ART, antiretroviral therapy.
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Table S2 Biochemistry and haematology by clinical site!

Characteristics All patients Site? p-value®
(n=200) Aga Khan Coptic Hope
University Center for
Hospital (n=100) Infectious
Diseases (n=100)
Creatinine, median (Q1, Q3), | 85.0(73.0,101.0) | 89.0(74.0, 106.0) 83.0 (71.8,98.2) 0.102
n=197
Urea, median (Q1, Q3), n=196 3.7 (3.1, 4.6) 3.8(3.1,5.0) 3.5(3.0,4.2) 0.011
Hemoglobin, mean (SD), n=98* | — 14.01 (2.06) — —
Glucose, median (Q1, Q3), n=197 | 4.8 (4.4, 5.3) 5.2 (4.9, 5.6) 4.5 (4.1, 4.6) <0.001
HbAlc, median (Q1, Q3), n=98* | 5.6 (5.4,5.9) 5.6 (5.4,5.9) — —
HbAlc <5.7, % — 50/98 (51.0) - -
HbAlc 5.7 -6.4, % - 45/98 (45.9) —
HbAlc >=6.5, % - 3/98 (3.1) —
Lipid profiles
Total cholesterol, median (Q1, | 4.6 (3.9,5.1) 4.6 (3.8,5.3) 4.4 (4.0,5.1) 0.665
Q3), n=196
TC<4.7,% 107/196 (54.6) 52 (53.1) 55 (56.1) 0.955
TC48-51,% 22/196 (11.2) 11 (11.2) 11 (11.2)
TC52-6.1,% 30/196 (15.3) 15 (15.3) 15 (15.3)
TC>=6.2, % 37/196 (18.9) 20 (20.4) 17 (17.3)
LDL, median (Q1, Q3), n=196 3.0(2.3,3.6) 3.1(2.3,3.6) 3.0(2.4,3.5) 0.858
LDL < 2.6, % 75/196 (38.3) 36 (36.7) 39 (39.8) 0.978
LDL 2.6 -3.3, % 53/196 (27.0) 27 (27.6) 26 (26.5)
LDL3.4-4.1,% 41/196 (20.9) 21 (21.4) 20 (20.4)
LDL >=4.2, % 27/196 (13.8) 14 (14.3) 13 (13.3)
HDL, median (Q1, Q3), n=196 1.2 (1.0, 1.5) 1.2 (1.0, 1.4) 1.2 (1.0, 1.5 0.457
Trigylcerides, median (Q1, Q3), | 1.4 (0.9, 2.0) 1.5(1.0,2.2) 1.3(0.9,1.9) 0.196
n=196
Trig<1.7, % 123/196 (62.8) 56 (57.1) 67 (68.4) 0.257
Trigl.7-2.2,% 32/196 (16.3) 19 (19.4) 13 (13.3)
Trig >2.3, % 41/196 (20.9) 23 (23.5) 18 (18.4)
Cardiac and inflammatory
biomarkers
High sensitivity troponin I, median | 2.5 (2.5, 3.0) 2.5(2.5, 3.0) 25(25,3.2) 0.654
(Q1, Q3), n=169
hscTnl < 2.5 ng/L, % 109/169 (64.5) 46 (66.7) 63 (63.0) 0.848
hscTnl 2.5 —45 ng/L, % 59/169 (34.9) 23 (33.3) 36 (36.0)
hscTnl >= 45 ng/L, % 1/169 (0.6) 0(0.0) 1(1.0)
High-sensitivity CRP, median | 2.0 (0.8, 4.2) 2.4 (1.1,4.4) 1.6 (0.7,4.2) 0.112
(Q1, Q3), n=198
hsCRP < 1mg/L, % 58/198 (29.3) 23 (23.5) 35 (35.0) 0.197
hsCRP 1 - 3 mg/L, % 65/198 (32.8) 41 (41.8) 34 (34.0)
hsCRP >3 mg/L, % 75/198 (37.9) 34 (34.7) 31 (31.0)

! Number of patients may not sum to the corresponding column totals where there are missing data for the

laboratory marker.

2 *Data for Hemoglobin and hemoglobin Alc (HbAlc) was available for Aga Khan University Hospital only.
3 p-value from Chi-square test or Fisher’s exact test for categorical variables and unpaired two-sample Wilcoxon
test for continuous variables, two-sided; bold p-values indicate statistical significance (p<0.05).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Page 32 of 33

Table S3: Cardiovascular risk factors, markers of myocardial injury and inflammation by
Framingham cardiovascular risk category

Variable Framingham risk score classification (FRS lipid) p-value for trend!
Low Intermediate High Two-sided

Overall

All patients (%) 166 (83.0) 23 (11.5) 11 (5.5) -

Male 58 (34.9) 14 (60.9) 7 (63.6) 0.006

Female 108 (65.1) 9 (39.1) 4 (36.4)

Smoking

Current smoker, % 5/166 (3.0%) 0/23 (0.0) 0/11 (0.0) 0.306

Ex-smoker, % 33/166 (19.9) 6/23 (26.1) 5/11 (45.5)

Never smoker, % 128/166 (77.1) 17/23 (73.9) 6/11 (54.5)

Diabetes, % 3/166 (1.8) 2/23 (8.7) 2/11 (18.2) 0.999

Hypertension?, % 36/166 (21.7) 14/23 (60.9) 10/11 (90.9) <0.001

Hyperlipidemia, % 0/164 (0.0) 1/22 (4.5) 0/11 (0.0) 0.145

Lipid profiles

Total cholesterol, median 45 (3.8,5.0) 49 (4.3,5.4) 51(44,6.4) 0.001

(Q1,Q3)

TC<47,% 93/162 (57.4) 10/23 (43.5) 4/11 (36.4) 0.007

TC48-51,% 20/162 (12.3) 2/23 (8.7) 0/11 (0.0)

TC52-6.1,% 23/162 (14.2) 6/23 (26.1) 1/11 (9.1)

TC>=6.2, % 26/162 (16.0) 5/23 (21.7) 6/23 (54.5)

LDL, median (Q1, Q3) 3.0(2.3,3.5) 3.3(2.4,3.8) 3.6(2.9,4.5) 0.017

LDL < 2.6, % 65/162 (40.1) 8/23 (34.8) 2/11 (18.2) 0.016

LDL 2.6 -3.3, % 47/162 (29.0) 4/23 (17.4) 2/11 (18.2)

LDL3.4-4.1,% 30/162 (18.5) 8/23 (34.8) 3/11 (27.3)

LDL>=4.2,% 12/162 (12.3) 3/23 (13.0) 4/11 (36.4)

HDL, median (Q1, Q3) 1.2 (1.0, 1.5) 1.1(0.9, 1.3) 1.0(0.9,1.2) 0.043

Trigylcerides, median (Q1, | 1.3(0.9,1.9) 19(1.2,3.1) 2.9(1.8,3.4) <0.001

Q3)

Trig< 1.7 110/162 (67.9) 11s/23 (47.8) 2/11 (18.2) <0.001

Trigl.7-2.2 26/162 (16.0) 3/23 (13.0) 3/11 (27.3)

Trig >2.3 26/162 (16.0) 9/23 (39.1) 6/11 (54.5)

Cardiac and inflammatory

biomarkers

High sensitivity troponin 1, | 2.5 (2.5, 2.7) 3.3(25,4.7) 3.3(25,7.1) <0.001

median (Q1, Q3)

hscTnl < 2.5 ng/L, % 100/140 (71.4) 6/18 (33.3) 3/11 (27.3) <0.001

hscTnl 2.5 — 45 ng/L 39/140 (27.9) 12/18 (66.7) 8/11 (72.7)

hscTnl >= 45 ng/L 1/140 (0.7) 0/18 (0.0) 0/11 (0.0)

High-sensitivity CRP, 1.9(0.8,4.1) 29(1.1,5.3) 2.4 (0.9,4.2) 0.283

median (Q1, Q3)

hsCRP < 1mg/L 49/164 (29.9) 6/23 (26.1) 3/11 (27.3) 0.854

hsCRP 1 - 3 mg/L 54/164 (32.9) 6/23 (26.1) 5/11 (45.5)

hsCRP >3 mg/L 61/164 (37.2) 11/23 (47.8) 3/11 (27.3)

Creatinine, median (Q1, Q3) | 83.0 (72.0, 100.5) | 97.0 (87.0, 106.5) | 91.0(79.0, 104.5) | 0.009

! p-values for trend were calculated using Jonckheere-Terpstra for continuous variables and Cochran-Armitage,
or Cochran-Mantel-Haenszel tests, as appropriate, for categorical variables.
2 Self-reported hypertension or measured systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) > 90 mmHg, or physician-prescribed blood pressure-lowering medications.
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in | 2
the title or the abstract
(b) Provide in the abstract an informative and balanced 2
summary of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the 3
investigation being reported
Objectives 3 State specific objectives, including any prespecified 3
hypotheses
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including 4
periods of recruitment, exposure, follow-up, and data
collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods 4
of selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential 4-6
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details | 4-6
measurement of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than one
group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at Not provided as
proof-of-concept
study
Quantitative variables 11 Explain how quantitative variables were handled in the 6-7
analyses. If applicable, describe which groupings were chosen
and why
Statistical methods 12 (a) Describe all statistical methods, including those used to 6-7
control for confounding
(b) Describe any methods used to examine subgroups and 6-7
interactions
(c) Explain how missing data were addressed 7
(d) If applicable, describe analytical methods taking account NA
of sampling strategy
(e) Describe any sensitivity analyses NA
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg | 8
numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing follow-
up, and analysed
(b) Give reasons for non-participation at each stage supplement
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(c) Consider use of a flow diagram supplement
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, | Table 1
clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each | Table 1
variable of interest
Outcome data 15*  Report numbers of outcome events or summary measures Table 1 and 2
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder- | Table 4
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for
and why they were included
(b) Report category boundaries when continuous variables Tables 1 - 4
were categorized
(c) If relevant, consider translating estimates of relative risk NA
into absolute risk for a meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and Supplement
interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 18
Limitations 19  Discuss limitations of the study, taking into account sources 20-21
of potential bias or imprecision. Discuss both direction and
magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering 19-20
objectives, limitations, multiplicity of analyses, results from
similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study 18-19
results
Other information
Funding 22 Give the source of funding and the role of the funders for the | 22

present study and, if applicable, for the original study on

which the present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtml

s

Y-

N Y


http://bmjopen.bmj.com/

