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Background Cardiovascular disease (CVD) morbidity and mortality are increas-
ing in sub-Saharan Africa (sSA), highlighting the need for tools to enable CVD
risk stratification in the region. Although non-HDL-cholesterol (nHDL-C) has
been promoted as a method to measure lipids without a requirement for fasting
in the USA, its diagnostic validity has not been assessed in sSA. We sought to
estimate: 1) the association between LDIL-cholesterol (LDL-C) and nHDL-C, 2)
the impact of fasting on their measurement, and 3) their correlation with carotid
atherosclerosis, within a rural Ugandan population with high HIV prevalence.

Methods We collected traditional CVD risk factors, blood for serum lipid lev-
els, self-reported fasting status, and performed carotid ultrasonography in 301
participants in rural Uganda. We fit regression models, stratified by fasting sta-
tus, to estimate associations between carotid intima media thickness (cIMT),
LDL-C, and nHDL-C.

Results Median age was 50 years (interquartile range =46-54), 49% were fe-
male, 51% were HIV-positive, and at the time of blood collection, 70% had fast-
ed overnight. Mean LDL-C, nHDL-C, and triglycerides in the non-fasting and
fasting groups were 85 vs 88 mg/dL (P=0.39), 114 vs 114 mg/dL (P=0.98),
and 130 vs 114 mg/dL (P=0.05) mg/dL, respectively. In unadjusted models,
mean cIMT (mm) was associated with both increased LDL-C (3=0.0078 per
10mg/dL, P<0.01) and nHDL-C (B=0.0075, P<0.01), and these relationships
were similar irrespective of fasting status. After adjustment for traditional CVD
risk factors, we observed similar associations, albeit with muted effect sizes
within the fasting group.

Conclusions We found a high correlation between LDL-C and nHDL-C, and
both were correlated with cIMT, irrespective of fasting or HIV serostatus in rural
Uganda. Our findings support use of either fasting or non-fasting serum lipids

for CVD risk estimation in rural sSA.

Cardiovascular diseases (CVDs) are a major cause of morbidity worldwide. They
accounted for 31% of deaths globally in 2016, 78% of which are estimated to have
occurred in low- and middle-income countries [1]. Although the CVD-related death
rate has fallen in high-income countries with improved care and risk management
(2], mortality from CVD is increasing in low- and middle-income countries [3]. De-
spite recent efforts, the CVD epidemic has yet to be accurately quantified in these
regions, and research on effective screening and treatment for CVD both for pub-
lic health policy planning and individual management is stated as a major research
priority by the World Health Organization, the US National Institutes of Health and
other organizations [3-8]. Most studies establishing measurement and validity of
CVD risk surrogates were conducted in higher income countries, raising questions
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about generalizability to other settings and populations. Thus, there is an important need for developing
and validating effective techniques for screening and care of CVD in low-income countries.

Long-standing consensus establishes low-density lipoprotein cholesterol (LDL-C) as a strong predictor
of future cardiovascular events [9]. However, there is accumulating evidence challenging its selection as
the optimal lipid measure for CVD risk estimation and therapeutic targeting [9-12]. The referent meth-
od for direct measurement of LDL-C (beta quantitation) requires ultracentrifugation and precipitation
of apoprotein-B particles [13], which entails specialized laboratory equipment and is impractical out-
side of most reference laboratories. In contrast, indirect estimation via the Friedewald equation, which
is dependent on accurate estimation of triglycerides (TGs) and TGs values within an acceptable range,
requires patients to fast for eight hours prior to phlebotomy [14]. However, pre-collection fasting poses
a number of challenges. In rural sub-Saharan Africa (sSA), both patient and health care-system factors,
such as long travel distances and long wait times at health centers [15,16], can prevent prolonged fast-
ing. Furthermore, measured LDL-C from either method actually includes LDL along with unpredict-
able amounts of intermediate-density lipoprotein (IDL) and lipoprotein(a), and is not a true reflection
of LDL concentration [14].

More recent studies offer increasing support for the use of non-high-density lipoprotein cholesterol
(nHDL-C) as a superior measure for risk CVD assessment and treatment targeting [9-12,17]. nHDL-C
includes cholesterol types that have been associated with CVD, including very-low density lipoprotein,
IDL, LDL, and lipoprotein(a) [9,14]. In addition, measuring nHDL-C is procedurally simpler, since it only
requires measuring total cholesterol and HDL-C, and is not affected by fasting [14]. Studies in Western
Europe and North America have demonstrated that nHDL-C is equally if not more predictive of CVD
events compared with LDL-C. In these studies, the estimated associations were noted irrespective of fast-
ing status [18,19].

The applicability of these findings to other regions in the world is unclear. Relationships between choles-
terol and CVD risk may differ in sSA compared with Western European and North American countries
due to differences in genetics, diet, and other environmental characteristics. For example, prior studies of
South Asian populations have found elevated risk for acute myocardial infarction at much lower LDL-C
levels compared with Caucasian populations or other ethnic groups [20,21]. Possible causes include high-
er LDL particle burden or elevated apolipoprotein (apo) B [20,22]. These studies offer evidence against
extrapolating from treatment guidelines based on Western European or North American standards to oth-
er settings globally without further investigation [23]. However, to the best of our knowledge, no study
in sSA has examined relationships between LDL-C, nHDL-C, and CVD risk. Unique genetics, behavioral
factors, high HIV prevalence and corresponding widespread antiretroviral therapy are all potential mod-
ifiers of this relationship. Moreover, practical considerations of lipid assessment, such as cost and avail-
ability of testing, as well as cultural appropriateness of fasting, will be critical to planning regional CVD
risk assessment strategies [19].

The overarching aim of this analysis was to provide data to inform public health and clinical programs in
the region on the optimal means of using lipid testing for CVD risk profiling. We sought to compare the
strength of association between carotid intima media thickness (cIMT) [24] and both LDL-C and nHDL-C,
and to assess how fasting affects these relationships. A secondary goal of the study was to explore how
HIV infection affects CVD risk assessment via lipid profiling. We hypothesized that nHDL-C would be
superior to LDL-C, primarily due to diminished correlation between non-fasting LDL-C and cIMT, and
that treated HIV infection would not modify the relationships between cholesterol levels and CVD risk.

MATERIALS AND METHODS

Study population

Data from this analysis was drawn from the Ugandan Non-communicable Diseases and Aging Cohort
(UGANDACQC) Study (NCT02445079). The study design is a longitudinal cohort study which aims to de-
scribe non-communicable disease morbidity and aging among an older, ambulatory population in rural
Uganda. The cohort is comprised of two sub-groups: people over 45 years of age living with HIV (PLWH)
on antiretroviral therapy (ART) in outpatient care and an age and sex-matched, HIV-uninfected, and pop-
ulation-based comparator group [25-27]. Participants are seen annually for completion of questionnaires,
specimen collection, and cardiovascular diagnostic measurements.
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Data collection

Data used in this analysis were collected at initial enrollment. Participants completed surveys on CVD and
risk factors, including smoking history [28], self-reported CVD history, and physical activity level [29].
Participants were requested to fast after midnight on the day of study procedures, and fasting status was
self-reported. Resting, bilateral blood pressure was collected using digital sphygmomanometers (Omron
10 Series, Omron Healthcare, Chicago, IL, USA). Body mass index (BMI) was calculated from height and
weight measurements. Blood was drawn and centrifuged for serum separation within 2 hours, and stored
at -80°C until the time of testing. Lipid testing was done in Boston, Massachusetts at LabCorp using the
Abbott Architect Clinical Chemistry Analyzer (Abbott Diagnostics, Abbott Park, IL, USA). Participants
were enrolled in two waves. In the first wave (202/204 with serum available), a full lipid panel including
direct LDL-C was measured. In the second wave (99/105 with serum available), LDL-C was calculated
from total cholesterol, HDL-C and triglycerides using the Friedewald equation.

PAPERS

Carotid ultrasonography for common carotid intima-media thickness (cIMT) measurement was conducted
using SonoSite M-Turbo (SonoSite, Bothell, WA, USA) as described previously [30] by one of two study
staff members trained in carotid ultrasonography at the University of Wisconsin [31]. This technique
has been validated as a noninvasive, sensitive, and reproducible means of estimating carotid atheroscle-
rotic burden [32-35]. Six images of the carotid artery were taken per participant, including images from
the anterior, lateral, and posterior angles on both the left and right carotid artery. Images were reviewed
by a board-certified cardiologist, and images of inadequate quality were removed from analysis. Among
participants included in our analysis, 69 (4%) of the 1806 expected measurements were removed due
to poor quality. We used semi-automated border-detection software to estimate common carotid cIMT
just proximal to the carotid bulb (SonoCalc, version 5.0; SonoSite) [36]. cIMT measurements were inter-
preted by two different operators. The two operators independently interpreted 120 images, and an in-
ter-operator analysis was conducted to confirm the comparability of measurements (Pearson correlation
r=0.98, P=0.24). Operators were blinded to participant characteristics, including fasting status, at the
time of cIMT measurement.

Statistical analyses

We used standard data summarization, tabulation, and box-plotting methods to summarize cohort char-
acteristics by fasting status. We characterized LDL-C and nHDL-C with mean and standard deviation,
and TGs with median and interquartile range based on their distributions. We produced histogram plots
for continuous variables to confirm normal or non-normal distributions. We compared characteristics
by fasting status using t tests for normally distributed, continuous variables, Wilcoxon rank-sum tests
for non-normally distributed, continuous variables, and x? tests for categorical variables. We produced
scatter plots to graphically depict relationships between LDL-C and nHDL-C. Correlation was evaluated
with Pearson (1) coefficients, which were then compared between fasting groups [37]. We then fit lin-
ear regression models to estimate associations between each lipid cholesterol and CVD risk both for all
participants, and stratified by fasting status. For these models, our dependent variable was subclinical
atherosclerosis, as measured by cIMT. Our primary explanatory variables of interest were nHDL-C and
LDL-C. Correlation between lipid cholesterol and cIMT was calculated using Spearman correlation (p).
Finally, we fit adjusted regression models for each lipid measure, adjusting for age [33,38], sex [39], HIV
status [40,41], BMI [42], blood pressure [43,44], smoking history [44,45], CVD history [46], and physi-
cal activity category [47], as potential confounders of the relationship between lipid measures and cIMT.
In sensitivity analyses, we repeated correlation and regression model procedures restricting the sample
to instances in which direct LDL-C measurements were available. To further explore the robustness of
our findings to potential unobserved confounding, we dichotomized LDL-C into <100 and >100mg/dL
and nHDL-C into <130 and >130mg/dL and fit multivariable regression models specifying cIMT as the
dependent variable and adjusting for the same covariates. We calculated e-values for these adjusted re-
gression models to estimate the strength of association required by an unobserved confounder with both
high lipid cholesterol and cIMT in order to explain the results [48]. We used Stata/MP 15.0 (Statacorp,
College Station, Texas, USA) for all statistical analyses.

Ethics statement

Study procedures were reviewed and approved by the human subjects committees at the Mbarara Uni-
versity of Science and Technology and Partners Healthcare. Consistent with national guidelines, we also
obtained clearance for the study from the Ugandan National Council of Science and Technology. The
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study protocol follows the guidelines as described in the 1975 Declaration of Helsinki. All participants
signed written informed consent.

RESULTS

Out of 309 participants enrolled in the UGANDAC study, 301 (97%) completed both blood collection
for lipids and carotid ultrasound, and were included in the study. Five were excluded due to inadequate
cIMT measurements, and three were excluded due to missing lipid data. Among the 301 total participants,
202 participants underwent further lipid testing for direct LDL-C (83% fasting). Of the participants in-
cluded in the study, 212 (70%) reported an overnight fast. Table 1 summarizes CVD risk factors by fast-
ing status. 94% of participants living with HIV were virologically suppressed, the majority (80%) were
on AZT/3TC/NVP or AZT/3TC/EFV, and only 7% were on protease inhibitors. The fasting subgroup was
slightly younger (median age 50 vs 52 years; P=0.009), was more likely to be HIV-positive (56% vs 40%;
P=0.016), and had a non-significantly lower mean cIMT (0.666 vs 0.689mm; P=0.0649).

We found no difference in LDL-C or nHDL-C concentrations by fasting status (P>0.3 for both compari-
sons), but nominally higher TG levels in the non-fasting subgroup (median 130 vs 114 mg/dL, P=0.100),
as expected. We found strong linear relationships between nHDL-C and LDL-C in the total cohort (Pear-
son r=0.922), and in both fasting (r=0.934) and non-fasting subgroups (r=0.897) (Table 2; Figure 1).
These estimates were similar when restricting the sample to the 202 participants (83% fasting) in which di-
rect LDL-C measurements were available (Pearson r=0.935 total, r=0.962 non-fasting, r=0.931 fasting).

In unadjusted regression analyses, mean cIMT was associated with LDL-C in the total cohort (=0.0782
per each 100mg/dL increase; P<0.001) as well as in both non-fasting (=0.0735; P=0.051) and fasting
sub-groups (B=0.0825; P<0.001) (Table 3; Figure 2). In a sensitivity analysis among the 202 partici-
pants with direct LDL-C measurements, we found similar results, though the association between cIMT

Tahle 1. Cohort characteristics

CHARACTERISTIC ToraL (v = 301) Nu:';f&'gi 53“;&':)0 oe {,:s:"'%sz"?;?n% P-vaLue*
Age (median, IQR) 50 (46-54) 52 (49-54) 50 (46-54) 0.0086
Female sex (n, %) 147 (49) 45 (51) 102 (48) 0.698
HIV-positive (n, %) 154 (51) 36 (40) 118 (56) 0.016
BMI (n, %): 0.132
-BMI cat <18 31 (10) 10 (11) 21 (10)

-BMI cat 18-25 194 (65) 51 (57) 143 (68)

-BMI cat 25-30 49 (16) 15 (17) 34 (16)

-BMI cat >30 27 (9) 13 (15) 14 (7)

High blood pressuret, (n, %) 47 (16) 17 (19) 30 (14) 0.359
Smoking (n, %): 0.668
-Never 177 (59) 55 (62) 122 (58)

-Former 90 (30) 26 (29) 64 (30)

-Current 34 (11) 8 (9) 26 (12)

History of CVD (n, %) 57 (19) 17 (19) 40 (19) 0.962
Physical activity¥ (n, %): 0.400
-Low physical activity 16 (5) 7 (8) [SRC)]

-Moderate physical activity 41 (14) 13 (15) 28 (13)

-High physical activity 244 (81) 69 (77) 175 (83)

HDL cholesterol level (mg/dL) (mean, SD) 45.99 (13.53) 45.67 (13.17) 46.12 (13.71) 0.794
LDL cholesterol level§ (mg/dL) (mean, SD) 87.18 (30.99) 84.80 (30.07) 88.18 (31.37) 0.389
TG level (mg/dL) (median, IQR) 117 (92-160) 130 (95-178) 114 (91.5-153.5) 0.052
Non-HDL cholesterol level (mg/dL) (mean, SD) 114.22 (34.25) 114.13 (34.50) 114.25 (34.22) 0.979
Total cholesterol level (mg/dL) (mean, SD) 160.21 (36.04) 159.81 (33.96) 160.37 (36.95) 0.902

IQR — interquartile range, BMI — body mass index, CVD — cardiovascular disease, HDL — high-density lipoprotein, LDL — low-den-
sity lipoprotein, TG — triglycerides, SD — standard deviation

*P-values comparing participants in the fasting and non-fasting sub-groups were calculated using x? testing for categorical vari-
ables, t tests for normally distributed continuous variables, and log-rank testing for non-normally distributed continuous variables.
tHigh blood pressure defined as systolic blood pressure >140 or diastolic blood pressure >90 mmHg.

FPhysical activity categories were determined by the International Physical Activity Questionnaire (IPAQ) scoring protocol [49].
8LDL cholesterol were calculated using the Friedewald equation [50].
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Table 2. Non-HDL-C vs LDL-C, by fasting group and direct LDL-C was insignificant in the non-fasting subgroup
f-vaue (95% CI) P-vawe  rcoerricient (95% CI) (B=0.0990; P=0.129) (Table S1 in the Online Supplementary
Non-fasting  1.03 (0.920,1.137) <0.001 0.897 (0.846,0.931)  Document). In our adjusted model, including traditional CVD

Fasting 1.02 (0.965,1.072) <0.001 0.934(0.914,0.949)  risk factors, this association remained statistically significant for

Total 1.02(0.970,1.068) <0.001 0.922(0.903,0.937)  the entire cohort (B=0.0501; P=0.003) and in the non-fasting
Non-HDL-C — non-high-density lipoprotein cholesterol, LDL-C — _ b . . .
low-density lipoprotein cholesterol, CI — confidence interval (B=0.0795; P=0.043), although it was muted in the fasting
P=0.070 comparing non-fasting and fasting r-values subgroup (=0.0351; P=0.080) (Table 3). We found no evi-

Non-zsiing

250 -

8=1.03 B=1.02 B=1.02
P<0.001 P<0.001 P<0.001
=0.897 . 1=0.934 5 =0.922

200 -

150 -

nHDL-C (mg/dL)

100 -

50—

| | | | | | | | |
0 50 100 150 200 0 50 100 150 200 0

LDL-C (mg/dL)

Figure 1. Scatter plots and linear fit lines comparing non-high-density lipoprotein cholesterol (non-HDL-C) and
low-density lipoprotein cholesterol (LDL-C), by fasting status.

Nor-fasing
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Figure 2. Unadjusted scatter plots and linear fit lines comparing low-density lipoprotein cholesterol (LDL-C) (A),
non-high-density lipoprotein cholesterol (non-HDL-C) (B) and common carotid intima media thickness (cIMT),
by fasting status. Panel A. Mean cIMT vs LDL-C by fasting status. Panel B. Mean cIMT vs non-HDL-C by fasting
status. *Reported B-values are per 100mg/dL increase in the corresponding lipid cholesterol level.
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North America [19]. Additionally, LDL-C and nHDL-C had nearly identical relationships with cIMT in
both adjusted and unadjusted models. We did find that nHDL-C had nominally higher correlation with
cIMT as compared to LDL-C, and thus could be a superior measure for risk prediction, although larger
data sets and those that include clinical events are needed to validate this hypothesis. These relationships
remained consistent in a sensitivity analysis restricted to directly measured LDL-C.

Although our results align with prior findings showing the utility of nHDL-C for CVD risk prediction in
higher income settings [9], an unexpected result of our study was that LDL-C levels did not meaningfully
differ by fasting status. We believe this was driven by low levels of TGs seen in both fasting and non-fasting
groups (median TG=114mg/dL, IQR=91.5-153.5, and 130mg/dL, IQR=95-178, respectively). Wheth-
er such an effect is due to genetic predisposition, dietary practices, level of physical activity, incidence of
obesity and/or diabetes, or other characteristics of our rural sSA study population, is an important ques-
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tion for future studies. Prior work has also reported lower levels of TGs in rural African populations [51-

53], suggesting that our data may be broadly generalizable to the region.

The magnitude of increase in cIMT as a function of higher nHDL-C and LDL-C in our study was similar to
prior reports [44,54]. For example, we estimated an increase of approximately 0.08mm for each 100mg/
dL increase in either lipid measure. Similar differences in cIMT — per 0.1mm increase — have been asso-
ciated with increases of 10% to 15% in future risk of myocardial infarction and 13% to 18% for cerebro-
vascular accident [55]. Interestingly, in our study, this effect size diminished after adjusting for traditional
CVD risk factors, but only in the fasting subgroup (Table 3). Because the decrease in effect size in adjust-
ed models was seen for both LDL-C and nHDL-C, it is unlikely to be related to fasting status itself. Rath-
er, we suspect this phenomenon was due to age as a confounding variable because age and lipids were
correlated in the fasting subgroup (P=0.012 for LDL-C and 0.001 for nHDL-C), but not the non-fasting
subgroup (P=0.697 for LDL-C and 0.660 for nHDL-C). When age was removed from our models, rela-
tionships between LDL-C, nHDL-C, and cIMT remained similar to unadjusted models of the fasting sub-
group. Thus, we suspect that the differing relationships observed in the multivariable models were due
to a cohort effect in our study, particularly the younger age in the fasting subgroup. To our knowledge,
no prior study has found age to confound the relationship between cIMT and lipid levels.

We did not find a relationship between TGs and cIMT. There is little consensus in the existing literature
about their relationship, although recent evidence has accumulated for TG as an independent predictor
of future CVD risk. For example, the EPIC-Norfolk study found that elevated TGs are independently as-
sociated with increased risk of CVD, after adjustment for traditional risk factors [18]. The Health Profes-
sionals Follow-up Study also found a larger significant hazard ratio for future CVD for TGs compared to
LDL-C [56]. We hypothesize that the lack of an association seen in our study is likely related to the low
and narrow distribution of TGs in our study population. As such, this lack of correlation between cIMT
and TGs helps establish the need for future studies to investigate if and how traditional Western Europe-
an and North American CVD risk factors predict CVD outcomes in other populations globally.

We also did not observe effect modification by HIV serostatus on the association between lipids and cIMT
in our adjusted models, even though the proportion of participants living with HIV was higher in the
fasting subgroup. Notably, 100% of HIV-positive participants in the cohort were on ART, and 94% had
virologic suppression. Only 7% participants were on protease inhibitors and none were on stavudine,
which are the antiviral therapies most likely to induce hyperlipidemia and hypertriglyceridemia [57-60].
These results offer reassuring data that recommendations for non-nucleoside reverse transcriptase inhib-
itor-based first-line ART might be associated with relatively neutral lipid effects in sSA.

Our study is strengthened by a relatively large sample size, standardized laboratory methods, and a unique
study population from rural sSA that includes older aged individuals and that is enriched for people liv-
ing with HIV on antiretroviral therapy. The attributes of this study population make our study results
applicable to other rural African communities who may share similar lifestyle, health care, and genetic
factors. The use of cIMT as a surrogate marker for carotid atherosclerosis provides a valuable means of
assessing CVD risk, but is not a substitute for larger studies that accrue CVD events to corroborate such
findings. Another limitation of our study is the non-random assignment of fasting status. We attempted
to mitigate the risk of confounding by use of regression models adjusted for CVD risk factors, includ-
ing age, sex, smoking history, validated measures of diet and physical activity, and direct measurement
of body anthropomorphics and blood pressure, which were largely similar between groups. In addition,
e-value analysis suggests that unobserved confounding would need to be strong in order to account for
estimated associations. However, we cannot exclude residual confounding as a possible cause of muted
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associations between lipids and cIMT in the fasting sub-group, and this relationship should be further
explored in future studies. Lastly, the relatively small sample size in the non-fasting subgroup compared
to our fasting subgroup limits our ability to make stronger conclusions about relationships between lip-
ids and CVD risk in these subgroups.

To our knowledge, this is the first study to explore the utility of nHDL-C as a primary risk assessment tool
for CVD in sSA. We observed that nHDL-C and LDL-C were similarly correlated with carotid atheroscle-
rosis, and were not affected by fasting status. Because fasting lipid measurements pose a number of chal-
lenges in resource limited settings, our data support the use of nHDL-C for CVD risk stratification in the
region. Widespread food and water insecurity [61,62] and the cultural insensitivity of unnecessary fasting
in sSA and other low-income regions lends advantages to using non-fasting lipids in CVD risk assessment
rather than following traditional guidelines established by studies conducted in Western European and
North American countries. Future studies should evaluate relationships between lipids and CVD events,
and examine similar relationships across diverse ethnic groups and among urban-dwelling populations.
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