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Abstract 
Background: In developing countries, 8 to 71% of 

patients initiating highly active antiretroviral therapy 

(HAART) die within the first year of treatment. Apart 

from baseline CD4 count, viral load, hemoglobin, BMI 

and stage of the disease, there may be other variables that 

contribute to AIDS-related mortality. We investigated the 

potential role of nutrition, lipids and insulin resistance-

related phenotypes in predicting early mortality.  

 

Methods: We recruited 210 HAART-naïve HIV/AIDS 

patients  in  Lusaka,  Zambia.    Dietary   intake,   anthro-  
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pometric measurement, fasting serum insulin, glucose, 

and lipid profiles were assessed at baseline. Mortality was 

assessed after 90 days of follow-up. We used logistic 

regression models to identify variables associated with 

mortality.  

 

Results: The mean±SD for age, BMI and CD4 count at 

baseline were 34±7.4 y, 20±3 kg/m
2
 and 138±52 cells/µL, 

respectively. Sixteen patients (7.6%) died during follow-

up. Triglyceride concentrations were associated with 

increased mortality [odds ratio (OR) for 1 mmol/L 

increase in triglyceride concentration=2.51; 95% CI: 

1.34-4.71]. This association remained significant 

(OR=3.24; 95% CI: 1.51-6.95) after adjusting for age, 

gender, smoking, alcohol use, total cholesterol, BMI, CD4 

count and n3 fatty acid intake. Apart from higher n3 fat 

intake which was inversely associated with mortality 

(survivors: 1.81±0.99% total energy/day vs. non-survivors 

1.28±0.66% energy/day, P=0.04), there were no other 

macronutrients associated with mortality.  

 

Conclusion: Triglyceride concentrations at the time of 

initiating HAART are independently associated with 

increased risk for early mortality. If this association is 

confirmed in larger studies, assessment of triglycerides 

could become part of routine care of HIV patients 

initiating HAART in developing countries. 

[N A J Med Sci. 2010;3(2):79-88.] 
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Background 
In Zambia and other developing countries, particularly in 

Sub-Saharan Africa, about 8 to 71% of patients who start use 

of Highly Active Anti-retroviral Therapy (HAART) die 

within the first year of treatment.1-6 Prospective studies aimed 

at identifying patients at high risk of early mortality have 

focused on WHO clinical staging of the disease at baseline,7, 8 

gender, hemoglobin level, CD4 cell count, viral load, body 

mass index9-12 and immune reconstitution inflammatory 

syndrome (IRIS).13 Lower baseline CD4 count and body 

mass index (BMI) have emerged as strong predictors of 

increased mortality among HIV patients on HAART in less-

affluent countries.14 The known predictors of disease 
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progression do not explain in totality the observed high early 

mortality in developing compared to developed countries.1 

Little is known about the role of malnutrition and 

dyslipidemia on disease progression and possibly mortality 

among patients newly initiated on HAART in less affluent 

societies where use of lipid-lowering drugs is not common. 

 

Conditions such as chronic or recurrent diarrhea, 

opportunistic gastrointestinal infections, malabsorption 

disorders and depression,15 known to play a role in macro- 

and micronutrient deficiencies in  HIV/AIDS infection, may 

play an important additive role in the decline of immunologic 

function. These conditions may contribute to early mortality 

in patients initiating HAART.16 In addition to nutritional 

deficiencies or excesses, metabolic derangements like 

dyslipidemia and insulin resistance, common in chronic 

conditions like diabetes, hypertension and HIV with or 

without HAART, could potentially contribute to early 

mortality.17-19 Metabolic complications like lipodystrophy 

and dyslipidemia in HIV disease have been ascribed in part 

to factors such as genetics, treatment with protease inhibitors 

(PI) and nucleoside reverse transcriptase inhibitors 

(nRTIs),20-22 the refeeding paradox,23 hypogonadism,24 male 

gender and increasing age.25 

 

Furthermore, whole body protein turnover (the rate at which 

lean body mass is destroyed and replaced) in HIV infection is 

elevated by about 16-18% and up to 24% in people with 

Acquired Immunodeficiency Syndrome (AIDS).23 This 

change in protein metabolism could be further compounded 

by what has been recently described as the “anabolic block”-

wherein new nutritional intake is preferentially shunted to fat 

synthesis at the detriment of lean body mass, lost during the 

early phase of infection.26 A better understanding of the role 
of metabolic derangements in early mortality in patients 

 

Figure 1. Participant flow in the DGPLEAD cohort of HIV/AIDS patients starting 

HAART in Lusaka, Zambia (January to December, 2007). 

 

 

initiated on HAART is important for identifying potential 

interventions as well as additional clinical measurements that 

can be used to improve the care of HIV patients, especially 

those at high risk for early mortality. In this pilot study, we 

sought to identify nutritional and metabolic markers that are 

associated with early mortality in HAART-naïve patients 

who initiate HAART in Lusaka, Zambia.  

Subjects and Methods 
Study participants 

Over a one year period we recruited 210 HAART naïve 

HIV/AIDS patients from Chawama Clinic in Lusaka, Zambia 

(Figure 1). Chawama Clinic is a government-run, primary 

care facility providing HIV care and treatment services, 

supported by the University of Alabama at Birmingham and 

210 HAART naïve HIV/AIDS patients were enrolled 

 All from Chawama Clinic, Zambia 

 16.5 to 60 years old at baseline 

 Baseline fasting blood draw, 24-hr dietary recall, general 

questionnaire and anthropometric measurements taken 

 Initiated on HAART (visit 1) and accepted 90-day follow-up 

16 patients 

died within 

90 days 

182 patients were alive after 90 

days of follow-up (visit 2) 

12 patients lost 

within 90 days of 

follow-up 

198 patients had a known outcome (alive or dead) at 90 days 

 188 had complete data on important covariates and mortality  

 136 of these patients also had laboratory data at 90 days 
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the Centre for Infectious Disease Research in Zambia.5, 27 All 

men and women who were HAART-naïve, aged 16.5-60.0 

years and who qualified to be initiated on HAART at 

Chawama Clinic were invited to participate in this study. All 

eligible patients who started treatment between January and 

December 2007 and consented to participate were enrolled in 

the study, which we named DGPLEAD (Diet, Genetic 

Polymorphisms in Lipid-Metabolizing Enzyme genes, and 

Antiretroviral Therapy-Related Dyslipidemia). The main goal 

of DGPLEAD was to generate preliminary data on the role of 

diet, genetic polymorphisms and metabolic parameters in 

predicting dyslipidemia and mortality among patients starting 

HAART in resource-limited settings. Indication for treatment 

and the regimen employed were determined by a clinical 

officer in accordance with Zambia HIV National 

Guidelines.28 The recommended treatment regimens 

consisted of two nucleoside reverse transcriptase inhibitors 

(NRTI) e.g., zidovudine and lamivudine or stavudine and 

lamivudine and one non-nucleoside reverse transcriptase 

inhibitor (nNRTI) e.g., efavirenz or nevirapine. We actively 

traced patients throughout the study in order to enhance 

adherence.  None of our patients reported use of any lipid-

lowering medications. This study was approved by the 

Human Subjects use in Research Institutional Review Board 

at the University of Alabama at Birmingham (UAB) and the 

Research Ethics Committee at the University of Zambia.  
 

Data collection 

At the initial patient visit, standardized questionnaires were 

used to collect data on smoking, physical activity, alcohol 

consumption and dietary intake using a 24-hr dietary recall 

method. Nutrient intakes were then computed using Nutrition 

Data System for Research (NDSR®) software. Zambian foods 

not in the database were substituted with similar foods in the 

database using the following recommended guidelines: for 

100 g of product, the tolerance guidelines were 85 kcal for 

calories, 5 g for protein, 2.5 g total fat, 10 g carbohydrate and 

100 mg sodium. Zambian food composition data was used 

for comparison. We also added recipes of frequently 

consumed foods to the database. This information was 

gathered from preliminary focus group meetings.  

Anthropometric data, including weight, height, waist, hip and 

mid-upper arm circumferences were measured twice in the 

clinic by trained staff and an average of the two 

measurements was recorded. A fasting specimen of blood 

was drawn from each patient for the measurement of plasma 

concentrations of total cholesterol, low density lipoprotein 

cholesterol (LDL-C), high density lipoprotein cholesterol 

(HDL-C), triglycerides, insulin and glucose at baseline and 

then at 3 months after initiating HAART. A buffy coat for 

DNA extraction was collected at the first visit. Patients were 

then followed and changes in their anthropometric measures, 

metabolic profile and vital status, assessed at 90 days, the 

period within which most of the early mortality (70%) occurs 

following initiation of antiretroviral therapy in developing 

countries. 29 
 

Laboratory assays 

Roche Cobas Integra 400+ (Roche Diagnostics, Indianapolis, 

IN, USA) auto analyzer was used to measure lipids and 

glucose. Triglycerides, LDL and total cholesterol 

concentrations were measured using an enzymatic 

colorimetric assay, while HDL cholesterol was measured 

with a homogeneous enzymatic colorimetric assay. Glucose 

was measured using hexokinase enzyme method. Insulin was 

measured by chemiluminescence on a Roche Elecsys 2010 

autoanalyzer (Roche Diagnostics, Indianapolis, IN, USA). 

 

Statistical analysis 

Data were analyzed using SAS software version 9.2 (SAS 

Institute Inc., Cary NC, USA). Due to inadequate funding, 

active follow-up was terminated early for patients recruited 

late in the study. However, patients continued to obtain 

routine care from the same clinic. Except for 12 patients who 

were lost to follow-up, the vital status of all patients was 

recorded on or around their expected 90 day visit regardless 

of whether a second blood sample was obtained. 

 

For  the main analyses on the relation between baseline 

triglyceride concentrations and early mortality we had 188 

patients with complete data on mortality and major potential 

confounders namely age, sex, BMI, smoking, alcohol use, 

CD4 counts, total cholesterol concentrations, total energy, n3 

fatty acid intake, total fat, saturated fat, monounsaturated fat, 

polyunsaturated fat, trans fat, protein, sugars and total energy.   

Macronutrients, namely carbohydrates, protein, total fat as 

well as fat subtypes e.g., saturated fat, trans fats, 

monounsaturated fats, polyunsaturated fats and total n3 fatty 

acids, were all expressed as a percentage of total energy 

before use in the analyses. All continuous variables were 

checked for normality and log- or square-root transformed as 

appropriate, before hypothesis tests.  

 

To compare survivors and non-survivors at 90 days of 

follow-up on key variables, we used the unpaired, two-tailed 

Student’s t-test for continuous variables and the chi-squared 

test for categorical variables. Variables found to be 

significantly associated with mortality from univariate 

analyses were checked for multicollinearity, using linear 

regression and variance inflation factor (VIF) for continuous 

and ordinal variables. The chi-square test was used for 

categorical variables. Using mortality as an outcome variable, 

we progressively introduced non-correlated variables into 

multivariable logistic regression models with the baseline 

values of the following variables: age, sex, CD4 count and 

body mass index and obtained adjusted odd ratios for 

mortality at 90-days. Other variables were added sequentially 

as described in the results section. Except for models 

involving HDL and insulin, which had some missing values, 

all multivariable models had a fixed sample size of 188 

patients which included 16 deaths. 

 

Results 

Of 210 patients enrolled at baseline (visit 1), vital status at 

visit 2 was determined for 198 patients, as 12 patients were 

lost to follow-up (Figure 1). Of the 198 patients with 

mortality data at 90 days, 136 also had laboratory 
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measurements at visit 2.  Laboratory data at visit 2 could not 

be obtained for the remainder of the patients.  

  

Anthropometric    measures,     lipid    profiles    and    dietary  

characteristics of the study participants by outcome status at 

90 days are presented in Table 1. At the end of 90 days, 16 
patients had died, representing a 90-day cumulative all-cause 

mortality of 7.6% (95% CI: 6.6 to 8.6%).  

 

 

         Table 1. Baseline characteristics of HIV/AIDS patients initiating HAART by mortality status, Zambia.1 

 
 

Variable Total 

(n) 

Alive  

(n = 182) 

Dead  

(n = 16) 

P 

Age, y 194 34.0 ± 7.4 36.6 ± 7.5 0.20 

Gender, women, n (%) 197 98 (54.1) 7 (43.8) 0.44 

BMI, kg/m2 197 20.1 ± 2.7 18.7 ± 2.0 0.04 

Waist  circumference, cm  198 72.7 ± 6.5 71.0 ± 5.4 0.31 

Mid-upper arm circumference, cm 198 25.0 ± 2.6 23.3 ± 3.1 0.02 

Current smokers, n (%) 195 10 (5.6) 1 (6.3)  1.00 

Current alcohol use, n (%) 195 21 (11.7) 1 (6.3) 1.00 

CD4 count, cells/µl 197 140 ± 53 125 ± 47 0.30 

Fasting plasma insulin, mU/L 163 4.6 ± 5.9 4.9 ± 5.1 0.87 

Fasting blood glucose, mmol/L 193 3.8 ± 1.1 3.9 ± 1.0 0.86 

Total cholesterol, mmol/L 196 3.5 ± 0.9 3.2 ± 0.9 0.29 

Triglyceride, mmol/L 196 1.20 ± 0.6 1.7 ± 0.8 0.002 

LDL-cholesterol, mmol/L 196 2.0 ± 0.8 1.5 ± 0.8 0.004 

HDL-cholesterol, mmol/L 189 0.84 ± 0.5 0.48 ± 0.4 0.0004 

Total cholesterol : HDL-C ratio 188 10.1 ± 39.3 25.6 ± 38.7 0.0001 

Dietary variables     

 Total energy, kcal/d 197 1759 ± 672 1413 ± 681 0.05 

 Carbohydrate, % energy/d 197 55.8 ± 13.5 61.3 ± 11.2 0.12 

 Protein, % energy/d  197 13.2 ± 4.2 11.5 ± 3.7 0.11 

 Total fat, % energy/d 197 31.6 ± 11.3 28.2 ± 10.3 0.24 

 Saturated fat, % energy/d 197 6.4 ± 2.9 5.8 ± 2.4 0.43 

 Monounsaturated fat, % energy/d 197 9.1 ± 3.8 8.6 ± 3.6 0.59 

 Polyunsaturated fat, , % energy/d 197 13.8 ± 6.1 11.3 ± 4.9 0.12 

 Trans fat, % energy/d 197 0.53 ± 0.75 0.36 ± 0.36 0.72 

 n3 Fatty acids, % energy/d 197 1.81 ± 0.99 1.28 ± 0.66 0.04 

HAART regimen (n, %)     

 Zidovudine + Lamivudine + Nevirapine 79 5 (38.5) 77 (43.0) 0.93 

 Stavudine + Lamivudine + Nevirapine 60 5 (38.5) 55 (32.0)  

 Tenofovir + Emtricitabine + Nevirapine 48 3 (23.1) 43 (25.0)  
1Values are means ± SD or percentages; HAART, highly active antiretroviral therapy 
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The mean age of those who survived (34 ± 7.4 years) was not 

different from that of those who died (36.7 ± 7.5 years; P = 

0.20), and the gender distribution of the participants did not 

differ by survival status (54.1% women among survivors vs. 

43.8% women among non-survivors, P = 0.44). Although the 

baseline mean CD4 cell counts of survivors (140 ± 53 

cells/µl) was higher than that of patients who died (125 ± 

47cells/µl), this difference was not statistically significant (P

 

 

Table 2.  Characteristics of the study participants by tertiles of fasting triglyceride concentrations.1 

 

 

  Tertiles of  plasma triglyceride levels   

  1 (Low) 2 3 (High)  P 

n  68 70 70   

Age, y  33.2 ± 7.5 34.6 ± 7.8 34.3 ± 7.0  0.46 

Gender, % women  47 60 56  0.31 

BMI, kg/m2  20.00 ± 2.69 20.39 ± 2.74 19.74 ± 2.53  0.33 

Waist  circumference, cm  71.92 ± 6.02 73.05 ± 7.10 72.66  ± 5.98  0.70 

Mid-upper arm circumference, cm  24.89 ± 2.72 25.40 ± 2.70 24.25 ± 2.54  0.06 

Current smokers, n (%)  2(3.1) 5 (7.1) 4 (6.1)  0.63 

Current alcohol use, n (%)  8 (12.3) 11 (15.7) 3 (4.6)  0.09 

Fasting plasma insulin, mU/L  3.81 ± 3.37 4.62 ± 6.42 5.84  ± 6.94  0.30 

Fasting blood glucose, mmol/L  3.67 ± 0.70 3.73 ± 0.61 3.98 ± 1.61  0.25 

CD4 count, cells/µl  131 ±48 152 ± 59 130 ± 47  0.08 

Triglycerides, mmol/L  0.74 ±0.15 1.08 ±0.11 1.88±0.62  N/A 

Total cholesterol, mmol/L  3.24 ±0.90 3.48 ± 0.90 3.63 ± 0.95  0.06 

LDL-cholesterol, mmol/L  1.98 ±0.58 2.10 ± 0.78 1.90 ± 0.89  0.18 

HDL-cholesterol, mmol/L  0.95 ±0.47 0.89 ± 0.52 0.58 ± 0.35  <0.0001 

Total cholesterol : HDL ratio  4.82 ± 4.89 5.79 ± 5.75 22.74 ± 63.37  <0.0001 

Dietary variables       

 Total energy, kJ/d  7713 ± 2642 7266 ± 3194 6947 ± 2870  0.18 

 Carbohydrate, % energy/d  56.59 ± 13.24 53.84 ±13.56 57.87 ± 13.02  0.32 

 Protein, % energy/d   13.28 ± 3.94 13.60 ± 4.34 12.53 ± 4.13  0.19 

 Total fat, % energy/d  30.51 ± 11.12 33.14 ±11.78 30.78 ± 11.01  0.66 

 Saturated fat, % energy/d  6.41 ± 2.53 6.54 ±3.12 5.99 ± 2.42  0.51 

 Monounsaturated fat, % energy/d  9.03 ± 3.93 9.47 ±3.57 8.74 ± 3.64  0.66 

 Polyunsaturated fat, , % energy/d  12.77 ± 5.78 14.63 ± 6.65 13.81 ± 5.77  0.35 

 Trans fat, % energy/d  0.56 ± 0.71 0.46 ± 0.68 0.48 ± 0.77  0.25 

 n3 Fatty acids, % energy/d  1.74 ± 0.98 1.86 ± 1.03 1.75 ± 0.94  0.80 

Common HAART regimen, n (%)       

 Zidovudine,+Lamivudine+ Nevirapine  30 (48.4) 26 (39.4) 23 (37.1)  0.17 

 Stavudine+Lamivudine+ Nevirapine  14 (22.6) 22 (33.3) 27 (43.6)   

 Tenofovir+Emtricitabine+Nevirapine  18 (29.0) 18 (27.3) 12 (19.4)   
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= 0.30).  The markers of nutritional status, BMI and mid-

upper arm circumference (MUAC) were significantly higher 

among survivors compared to non-survivors (P <0.05). 

Sixty-five (31%) patients had a BMI ≤18.5 kg/m2 at the time 

of initiating HAART.  

 

Compared to survivors, those who died had significantly 

lower HDL-cholesterol (P = 0.0004) and LDL-cholesterol (P 

= 0.04) but significantly higher (P = 0.002) mean triglyceride 

concentrations  (Table 1). The baseline total cholesterol to 

HDL–cholesterol ratio was significantly higher among those 

who died compared to survivors (P = 0.0001) and the 

absolute values for this ratio were quite high, driven mainly 

by the very low HDL-cholesterol concentrations at baseline. 

Seventeen percent of the patients had baseline triglyceride 

concentrations greater than 150 mg/dL, the National 

Cholesterol Education Program cut-off point for 

hypertriglyceridemia.30 A large number of patients (74%) had 

HDL-concentrations below 40 mg/dL at baseline and 4% had 

LDL-cholesterol concentrations above 130 mg/dL (data not 

shown in tables). 

 

Except for dietary n3 fatty acid intake, which was 

significantly higher among survivors compared to non-

survivors (P = 0.01), all other macronutrients examined were 

not significantly associated with all-cause mortality (Table 

1).  

 

The distribution of treatment regimens was similar among 

those who survived and those who died. The most commonly 

used regimen was the combination: Zidovudine + 

Lamivudine + Nevirapine, which was used by 42% of 

patients.  

 

The distribution of potential confounders by tertiles of 

triglyceride concentrations is shown in Table 2. Apart from 

HDL-cholesterol which was inversely and significantly 

associated with triglyceride concentrations (P < 0.0001), and 

the total cholesterol:HDL–cholesterol ratio which was 

positively associated with triglyceride concentrations (P < 

0.0001), there were no other variables that were significantly 

associated with triglyceride concentrations. 

Table 3 shows results from univariate and multivariate 

adjusted analyses of the association between baseline fasting 

triglycerides and all-cause mortality. Higher triglyceride 

concentrations were strongly associated with increased 

mortality [odds ratio (OR) for 1 mmol/L increase in 

triglyceride concentration = 2.51; 95% CI: 1.34-4.71].  This 

association became stronger (OR = 3.24; 95% CI: 1.51-6.95) 

after adjusting for age, sex, smoking, alcohol use, total 

cholesterol, BMI, CD4 count and n3 fatty acid intake. The 

relation between triglyceride and all-cause mortality 

remained significant after adjusting for insulin, glucose or 

other dietary macronutrients (data not shown). Apart from 

higher n3 fatty acid intake, which was inversely associated 

with all-cause mortality, there were no other significant 

associations detected in multivariable models. When total 

cholesterol was replaced by HDL and LDL in the models, 

neither HDL nor LDL was found to be significantly 

associated with mortality. In these analyses, the association 

between triglycerides and mortality remained significant (OR 

for 1 mmol/L increase in triglycerides = 2.67; 95% CI: 1.03-

6.91). All models were adequate as shown by the Hosmer-

Lemeshow test for goodness-of-fit P > 0.05. 

 

In additional analyses, we investigated the distribution of 

mortality by tertiles of triglyceride concentrations so as to 

explore existence of a dose-response relationship (Figure 2). 

The number of deaths (mortality rate) in the first, second and 

third tertile of triglyceride concentrations was 3 (4.4%), 4 

(5.7%) and 9 (12.9%), respectively. Compared to the lower 

tertile, patients with triglycerides concentrations in the upper 

tertile had a 3-fold incresase in mortality. 

 

Discussion 
From this study, we have demonstrated that higher baseline 

fasting triglyceride concentrations are significantly associated 

with increased risk for early mortality among treatment-naïve 

adult HIV/AIDS patients starting HAART in Zambia. The 

90-day all-cause mortality rate of 7.6% found is this study is 

lower than rates reported from most other developing 

nations;3,6,12 however it still remains 3 times higher than rates 

reported for developed countries.1 Prior to the HAART era, 

similar findings were reported in a few observational 

studies.31-33  

 

While, only 17% of the patients had baseline triglyceride 

concentrations greater than the National Cholesterol 

Education Program cut-point for hypertriglyceridemia (150 

mg/dL), a large number of patients (74%) had HDL-

concentrations below 40 mg/dL at baseline. Very few 

patients (4%) had LDL-cholesterol concentrations above 130 

mg/dL. The observed distribution of lipids is consistent with 

the lipid pattern described among HIV-infected individuals 

before the widespread use of HAART (1996 pre-HAART 

pattern). The hallmark of this pre-HAART pattern is 

hypertriglyceridemia, low HDL- and low LDL-cholesterol 

concentrations (mostly small dense particles),34 while the 

hallmark of the post-HAART pattern is increased total 

cholesterol and LDL-cholesterol levels and small changes in 
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HDL-cholesterol.35-37 Previous studies have explicated the 

underpinning mechanisms as increased hepatic de novo 

synthesis of fatty acids leading to increased release of very 

low density lipoprotein (VLDL)-cholesterol, with decreased 

clearance of triglyceride-rich lipid fractions or infection-

induced lipolysis and increased release of fatty acids for 

hepatic re-esterification.33,38  These mechanisms are 

supported by earlier studies that have implicated cytokines 

(e.g. interferon-α (IFN-α) and tumor necrosis factor (TNF)-

alpha/beta, secreted in response to HIV infection) as inducers 

of hypertriglyceridemia.33,39 This is not surprising given the 

reported suppression of lipoprotein lipase activity by 

inflammatory markers such as IL1, IL2, IL6 and TNF.40 The 

lipid profiles in our study patients are similar to pre-HAART 

lipid profiles previously reported in developed countries.34 

 

The main finding of this pilot study is the independent 

positive association between fasting triglyceride 

concentrations and early mortality in patients initiating 

HAART in Zambia. Given that hypertriglyceridemia is a 

component of the metabolic syndrome and a known risk 

factor for coronary heart disease (CHD) and the improved 

survival of patients due to wider use of HAART, 

dyslipidemia due to HIV-infection by itself or HAART could 

become a common problem in developing countries like 

Zambia. This could result in an increase in cardiovascular 

disease burden in affected countries. 

 

The finding of a positive relationship between total 

cholesterol:HDL-choleterol ratio and early all-cause 

mortality (P < 0.0001) is of interest given that this ratio is 

strongly predictive of cardiovascular disease outcomes.41,42 

The total cholesterol:HDL-cholesterol ratio is the 

mathematical equivalent of non-HDL-cholesterol level, 

currently considered the sum total of cholesterol carried by 

the lipoproteins that are atherogenic. This is because a high 

serum triglyceride level (>2.3 mmol/L) occurring in 4.8% 

(10/210) of our patients could be accounted for by non-HDL-

cholesterol sources of triglycerides like VLDL, chylomicrons 

and remnant lipoproteins. Furthermore, low mean levels of 

HDL-cholesterol, in and of itself an independent 

cardiovascular risk factor, half as low in survivors (P = 0.01), 

makes for high total cholesterol:HDL-C ratios (TC:HDL); 

three times greater in non-survivors. This ratio has been 

shown from prior studies to have greater coronary heart 

disease predictive value than increased LDL-cholesterol 

alone.41,42  As shown in Table 1, the higher TC:HDL ratio 

observed among non-survivors is mainly due to lower HDL 

in this group and more advanced disease and poorer 

nutritional status compared to survivors. Similarly, the 

significantly low mean LDL-cholesterol among non-

survivors compared to survivors is of interest and may be 

related to the poorer nutritional status of non-survivors as 

manifest by a lower mean upper arm circumference in this 

group of participants (P = 0.02). 

 

Another significant finding is the inverse association between  

intake of n3 fatty acids and mortality. Previous studies have 

shown that intake of n3 fatty acids lowers triglyceride 

concentrations43,44 and thus beneficial action is expected 

among individuals with hypertriglyceridemia. Our analyses 

show that triglyceride concentrations remained significantly 

associated with mortality even after adjusting for intake of n3 

fatty acids. In the same multivariable model (M5, Table 3), 

intake of n3 fatty acids showed an independent and 

significant inverse association with all-cause mortality, 

suggesting additional benefits on all-cause mortality that are 

not achieved via lowering of triglycerides. However, these 

data are to be interpreted with caution given that dietary 

intakes were estimated from a 24-hr dietary recall which may 

not be a good estimator of habitual diet. Our future studies 

will use stored serum to examine fatty acid profiles and their 

relation with all-cause mortality. 

 

We examined immunologic status as measured by CD4 

count, as a risk factor for mortality in this study since this 

variable has been shown to be inversely associated with 

mortality in several studies 10, 11, 45. Although the mean CD4 

counts of survivors (140 ± 53 cells/µL) and non-survivors 

(125 ± 47 cells/µL) were not significantly different (P>0.05), 

the counts are below the cut-off of 200 cells/µL, indicative of 

advanced immunosuppression. This finding may indirectly 

indicate late presentation to seek care by HIV-infected 

patients or barriers to accessing HAART that could in turn be 

contributory to early mortality. Unfortunately, we did not 

have additional measures of immunosuppression such as HIV 

viral load so as to explore the relation between 

immunosuppression and all-cause mortality. 

 

Although we did not assess the HIV viral subtype distribution 

in this study population, HIV subtype C is the most prevalent 

in Zambia46,47 and,  has been shown by Fourie CM et al to be 

responsible for dyslipidemia of a pattern similar to pre-

HAART, among treatment naive patients.48  However, unlike 

subtype D, HIV subtype C infection has not been shown to 

be independently associated with a significant increase in risk 

of disease progression and mortality.49,50 

 

It is important to interpret the findings from this pilot study 

with caution, given the small sample size and limited number 

of deaths (16 deaths). Though fasting triglycerides levels 

were determined for the study, it is worth noting that 

triglyceride concentrations can be affected by many factors 

including duration of fasting, alcohol consumption, vitamin 

supplementation, use of antibiotics and a patient's hydration 

status. However all patients in the study reported fasting and 

non-use of lipid-lowering medications. We further adjusted 

for variables such as smoking and alcohol use - approaches 

that we expect to have improved our assessment of the 

association between triglyceride concentrations and mortality. 

The small sample size precluded additional analyses in which 

we would use multivariable models with multiple categories  

of triglyceride   concentrations    to   adequately   assess    the 
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               Table 3 Adjusted odds ratios (95% CI) for the association between baseline fasting triglyceride  

                                concentrations and all-cause mortality in patients on HAART in Lusaka, Zambia.1,2 

 

Model  Adjusted OR 95% CI 

M1 Triglyceride 2.51 1.34-4.71 

M2 M1 + Age + Sex + CD4 count + BMI 2.63 1.33-5.20 

M3 M2 + Total cholesterol  2.90 1.43-5.88 

M4 M3 + Smoking + Alcohol use  3.03 1.44-6.36 

M5
3
 M4 + % energy from n3 fatty acids 3.24 1.51-6.95 

1The total sample size for all models was 188 which includes 16 patients who died.  
2Hosmer-Lemeshow statistic for goodness-of-fit P>0.05 for all models. 
3When total cholesterol was replaced by HDL and LDL-cholesterol in model 5, the sample size reduced to 178 due to missing 

values in HDL. However, the association between triglycerides and mortality remained significant (OR for 1 mmol/L increase 

in triglycerides = 2.67; 95% CI: 1.03-6.91). Neither HDL- nor LDL-cholesterol was significantly associated with mortality 

(P>0.05).  

 

 

potential dose-response relationship between triglyceride 

concentrations and all-cause mortality. Nonetheless, we 

performed a univariable analysis with triglyceride 

concentrations distributed into tertiles and determined 

whether there is a linear relation between triglycerides and 

mortality (Figure 2). This analysis disclosed a significant 

monotonic association between increasing triglyceride 

concentrations and higher all-cause mortality (P = 0.045). 

 

Furthermore, we had only two visits 90 days apart that were 

scheduled a priori. Thus, if a patient missed the second visit, 

assigning follow-up time as the middle of the interval 

between the two visits could grossly bias the estimate of 

time-to-event and therefore the estimate of hazard ratios. This 

limitation, precluded use of Cox-regression approaches to 

estimate incidence densities and hazard ratios. The odds 

ratios estimated from multivariable logistic regression 

models and reported in this paper are robust for assessing the 

association between baseline triglyceride concentrations and 

mortality after 90 days of follow-up. 

 

The role of specific opportunistic infections in determining 

our study results cannot be determined effectively because 

screening for opportunistic infections was not routinely done 

in this setting with limited resources, except on grounds of 

clinical suspicion or radiographic signs of diseases like 

tuberculosis. Furthermore, data on other clinical parameters 

such as HIV viral load or specific causes of death were not 

available for this pilot study so as to assess the relation 

between triglycerides and cause-specific mortality. Since 

HIV viral load is inversely correlated with CD4 counts we 

believe that by adjusting our models for CD4 counts we 

captured some of the variance explained by the viral load. 

Another limitation is lack of data on the prevalence of 

immune reconstitution syndrome which may increase the risk 

for early mortality, especially given the low mean CD4 count 

in our study patients at initiation of HAART. Finally, dietary 

intake was assessed by a single 24-hour dietary recall. Thus, 

associations between diet and mortality in this study must be 

interpreted with caution until they are replicated in other 

studies with more comprehensive dietary assessment such as 

use of biomarkers. None-the-less, the results from the current 

pilot study are of importance in paving way for more studies 

on dyslipidemia and early mortality in patients initiating 

HAART in developing countries. 

 

Conclusion 
Elevated fasting plasma triglyceride concentrations at 

baseline are associated with increased early mortality in 

HIV/AIDS patients who start HAART. This is a new finding 

that will need to be replicated in a sufficiently powered 

prospective study. If confirmed, lipid measurements at 

baseline which are currently not part of routine care in a 

number of developing countries could become an important 

parameter to predict survival at the time of initiating HAART. 

A large scale, primary prospective investigation is warranted 

to better understand the role of triglyceride concentrations in 

response to HAART and to elucidate the mechanism 

underlying this association.  
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