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The determinants of lipid profiles 
in early adolescence in a Ugandan 
birth cohort
Jan Pieter R. Koopman1,2*, Swaib A. Lule3,4, Christopher Zziwa4, Hellen Akurut4, 
Lawrence Lubyayi4, Margaret Nampijja4,6, Florence Akello4, Priscilla Balungi4, 
Josephine Tumusiime4, Gloria Oduru4, Alison M. Elliott4,5, Emily L. Webb1 & John Bradley1

Dyslipidaemia in adolescence tracks into adulthood and is an important risk factor for cardiovascular 
disease. Little is known about the effects of environmental exposures and early-life exposure to 
infectious diseases common to tropical regions on lipids. In 1119 early adolescent participants in the 
Entebbe Mother and Baby Study, we used linear regression to examine whether prenatal, childhood 
or adolescent factors are associated with lipid levels. Reduced high-density lipoprotein (HDL) and 
elevated triglyceride levels were common (prevalence 31% and 14%, respectively), but elevated low-
density lipoprotein (LDL) or total cholesterol (TC) were rare. Current malaria infection was associated 
with lower mean LDL (adjusted ß − 0.51; 95% CI − 0.81, − 0.21), HDL (adjusted ß − 0.40; 95% CI − 0.56, 
− 0.23), and TC levels (adjusted ß − 0.62; 95% CI − 0.97, − 0.27), but higher mean triglyceride levels 
(geometric mean ratio (GMR) 1.47; 95% CI 1.18–1.84). Early-life asymptomatic malaria was associated 
with modest reductions in HDL and TC. Body mass index (BMI) was positively associated with LDL, 
TC, and triglycerides. No associations with helminth infection were found. Our findings suggest that 
early-life factors have only marginal effects on the lipid profile. Current malaria infection and BMI are 
strongly associated with lipids and important to consider when trying to improve the lipid profile.

Cardiovascular diseases (CVDs) are the leading cause of death in the  world1, causing 31% of global deaths in 
 20162. Nearly 75% of these deaths occurred in low- and middle-income countries (LMICs)1. The pathophysiology 
leading to the end stages of CVD is complex and many risk factors have been identified, with smoking, obesity, 
diabetes, hypertension and abnormal cholesterol levels implicated to be of particular  importance3–5. Abnormal 
cholesterol levels, or dyslipidaemia, accelerate atherosclerosis, with detrimental effects on  health6.

The prevalence of dyslipidaemia is high in several countries. In 2008, the World Health Organization (WHO) 
estimated the prevalence of dyslipidaemia at 50–60% in North America and > 60% in some Western European 
 countries7. In Africa, dyslipidaemia is common in adults: a recent systematic review and meta-analysis reported 
a prevalence of 29% for elevated low-density lipoprotein (LDL) and 37% for reduced high-density lipoprotein 
(HDL)8. Interventions aimed at reducing LDL levels consist of drug  therapy9 and lifestyle changes, such as 
healthier diet, smoking cessation and increased physical  activity10. Improvement of HDL levels can be achieved 
through similar lifestyle  changes11.

Dyslipidaemia is less common in adolescents, yet, if present, is likely to increase the risk of CVD events later 
in life and may lead to early death, because lipid levels in adolescence are strongly correlated with lipid levels in 
later  life12,13. Epidemiological data from several cohort studies indicate that high LDL and low HDL in adolescents 
strongly predict high-risk carotid intima-media thickness (cIMT) in adults, which is used as a surrogate for early 
 artherosclerosis14. Understanding which factors influence lipid levels, particularly LDL and HDL, in adolescents 
may therefore inform intervention strategies to reduce CVD risk.

Much of the research on risk factors for dyslipidaemia has focussed on anthropometrics and lifestyle fac-
tors. Studies have shown that increased body mass index (BMI) and body fat percentage are strongly associated 
with  dyslipidaemia15,16. With regard to lifestyle factors, many studies have explored the effect of nutritional 
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intake and physical activity on the lipid profile. Others have studied whether early-life factors influence lipid 
levels: exclusive breastfeeding in infancy, for instance, has been found to be associated with healthier lipid pro-
files in  adolescence17. Evidence for an association between birthweight and later lipid concentration is so far 
 inconclusive18.

Apart from birthweight and breastfeeding, little is known about the effect of other early-life factors on lipid 
concentrations later in life. In particular, studies examining the potential effects of environmental factors and 
early-life exposure to infectious diseases that are more common in LMICs are lacking. Some data have suggested 
that parasitic infections interfere with lipid metabolism and therefore may lead to changes in lipid  profiles19; this 
phenomenon has been well described for malaria  parasites20, but not for others. Moreover, childhood exposure 
to helminth infections has been shown to reduce the likelihood of developing immune-mediated disorders in 
later life, due to the immuno-modulatory effects of helminths, which skew the immune system towards a more 
immunoregulatory  response21. This may be relevant as inflammation plays an important role in dyslipidaemia 
and  atherosclerosis22. From this, we hypothesise that childhood exposure to parasites may have a beneficial effect 
on the lipid profile later in life.

Many African countries are experiencing a societal and epidemiological transition, and seeing rapid urbani-
sation together with the burden of disease shifting away from infectious diseases towards non-communicable 
diseases (NCDs)8. As a result of these changes, CVD is expected to become an even bigger health problem in the 
near future. Therefore, this study aimed to explore whether early-life or other life factors were associated with 
lipid levels in African adolescents using data from the Entebbe Mother and Baby Study (EMaBS) birth cohort 
in  Uganda23. Specifically, we hypothesised that exposure to environmental factors and early-life exposure to 
infectious diseases that are common in this setting, might influence lipid levels. The results will help us better 
understand the relation between life-course factors and lipid levels in a setting where dyslipidaemia and CVDs 
are on the increase.

Results
Participant characteristics. From the 2345 mother and baby pairs in the EMaBS birth cohort, 1119 chil-
dren (48%) participated in the blood pressure (BP) study within which lipid profiles were examined. For most 
characteristics, participants were similar to non-participants with the exception that the BP study participants 
were more likely to be HIV negative and to have a mother who had received higher education, was married, and 
did not have hookworm  infection24.

The baseline characteristics of the study participants are shown in Table 1. Of the 1119 participants, 536 
(48%) were girls. Their mean age at measurement of lipid levels was 10.4 years (SD 0.49; range 10.0–12.0) and 
mean BMI at time of lipid measurements was 16.0 kg/m2 (SD 1.88). Infections were frequently observed in 
childhood: Respectively, 58% and 11% of the adolescents experienced clinical malaria and at least one episode 
of asymptomatic malaria in childhood (below the age of 5 years). HIV prevalence in the children was 2% (verti-
cally acquired from their mothers) and another 9% had been exposed to HIV (vertical exposure) without being 
infected. At the time of lipid measurement, Schistosoma mansoni was the most common infection found (10%), 
followed by Trichuris (4%), malaria (2%), and hookworm (1%). Ascaris was only diagnosed in three adolescents.

Serum LDL, HDL, and TC levels were successfully measured in 1109, 1096, and 1113 individuals, respectively; 
mean levels were 2.28 mmol/L (SD 0.66), 1.14 mmol/L (SD 0.34), and 3.82 mmol/L (SD 0.78). Triglycerides 
were measured in 1113 individuals (geometric mean: 0.81 mmol/L; SD 0.44). Figure 1 shows the distribution 
of these lipids when categorised into normal, borderline, and abnormal levels according to the American Heart 
Assosciation reference values for  children25. Abnormal levels of HDL and triglycerides were observed in 31% 
and 14% of the adolescents, respectively. Only 5% of the adolescents had abnormal LDL levels and 5% had 
abnormal TC levels.

Factors affecting LDL levels. Supplementary Table S1 shows the relationship with LDL levels for all vari-
ables considered, while Table 2 shows variables with evidence of association with LDL and that were retained for 
model building. Socioeconomic variables only appeared to be weakly associated with LDL. Among the repro-
ductive and perinatal factors, no evidence was found for associations with LDL, after adjustment for counfound-
ers. Of the infections in childhood, there was evidence for an association between LDL and Trichuris infection 
with higher LDL values in those infected with trichuris below the age of five (adjusted ß 0.15; 95% CI 0.02, 
0.29; p = 0.03). Other childhood infections were not associated with LDL. BMI at time of lipid measurement 
was linearly associated with LDL levels (adjusted ß 0.03; 95% CI 0.01, 0.06; p = 0.006). Lower LDL levels were 
observed in those with malaria infection at time of lipid measurement (adjusted ß − 0.51; 95% CI − 0.81, − 0.21, 
p = 0.001). In the adjusted analysis, increased frequency of animal protein consumption and reduced frequency 
of fruit intake were both associated with higher LDL levels. Physical education (PE) at school did not appear to 
be associated with LDL.

Factors affecting HDL levels. Supplementary Table S2 shows the relationship with HDL levels for all vari-
ables considered, while Table 3 shows variables with evidence of association with HDL and that were retained 
for model building. At the most distal level, the lowest HDL levels were observed in children with low household 
SES and in those whose mothers had not been schooled. On the second level, some evidence for an association 
between maternal age and HDL was found. From the maternal infections, some evidence was observed for 
an association between hookworm and HDL (adjusted ß − 0.06; 95% CI − 0.10, − 0.01; p = 0.01). HDL levels 
in children born with low birthweight were lower than those born with normal weight. Children born in dry 
season had slightly lower HDL levels than those born in wet season and children born by caesarean section or 
with the help of instruments had slightly higher HDL levels than those born vaginally. Of the infections during 
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N (%) Mean (SD)

Level 1: Socioeconomic factors

Household SES (missing: n = 5)

Low 142 (12.9)

Middle 642 (58.1)

High 320 (29.0)

Maternal education (missing: n = 2)

None 28 (2.5)

Primary 542 (48.5)

Senior 438 (39.2)

Tertiary 109 (9.8)

Marital status (missing: n = 1)

Single 116 (10.4)

Married 967 (86.5)

Other 35 (3.1)

Area of residence (missing: n = 3)
Urban 770 (69.6)

Rural 336 (30.4)

Level 2: Reproductive factors

Maternal age (years)

14–19 220 (19.7)

20–24 429 (38.3)

25–29 269 (24.0)

30 + 201 (18.0)

Maternal BMI (kg/m2) (missing: n = 9) 24.1 (3.37)

Alcohol during pregnancy (missing: 
n = 1)

No 775 (69.3)

Yes 343 (30.7)

(Maternal infection) Schistosoma mansoni (missing: n = 7)
No 908 (81.7)

Yes 204 (18.3)

(Maternal infection) Ascaris (missing: n = 7)
No 1084 (97.5)

Yes 28 (2.5)

(Maternal infection) Trichuris (missing: n = 7)
No 1015 (91.3)

Yes 97 (8.7)

(Maternal infection) Hookworm (missing: n = 7)
No 662 (59.5)

Yes 450 (40.5)

(Maternal infection) Asymptomatic malaria (missing: n = 9)
No 991 (90.1)

Yes 109 (9.9)

Treatment allocation 1
Placebo 566 (50.6)

Albendazole 553 (49.4)

Treatment allocation 2
Placebo 564 (50.4)

Praziquantel 555 (49.6)

Level 3: Perinatal factors

Sex
Female 536 (47.9)

Male 583 (52.1)

Low birthweight (missing: n = 187)
No 867 (93.0)

Yes 65 (7.0)

Mode of delivery (missing: n = 2)
Vaginal 1005 (90.0)

C-section/instrument 112 (10.0)

Place of delivery (missing n = 1)

Hospital 824 (73.7)

Home 120 (10.7)

Other 174 (15.6)

Season
Wet 568 (50.8)

Dry 551 (49.2)

Exclusively breastfed at 6 weeks (miss-
ing: n = 13)

No 358 (32.4)

Yes 748 (67.6)

Level 4: Childhood infections Treatment allocation 3 (missing n = 12)
Placebo 553 (50.0)

Albendazole 554 (50.0)

(Infection age ≤ 5) Schistosoma mansoni (missing: n = 10)
No 1076 (97.0)

Yes 33 (3.0)

(Infection age ≤ 5) Ascaris (missing: n = 10)
No 1052 (94.9)

Yes 57 (5.1)

(Infection age ≤ 5) Trichuris (missing: n = 10)
No 997 (89.9)

Yes 112 (10.1)

(Infection age ≤ 5) Hookworm (missing: n = 10)
No 1085 (97.8)

Yes 24 (2.2)

Continued
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childhood, children who had at least one episode of asymptomatic malaria showed lower HDL levels (adjusted 
ß −  0.04; 95% CI −  0.15, 0.00, p = 0.04). No evidence for an association between childhood clinical malaria 
and HDL was observed. At the level of lifestyle factors and current infections, comparable to LDL, current 
malaria infection was associated with a large reduction in HDL levels (adjusted ß − 0.40; 95% CI − 0.56, − 0.23; 

Table 1.  Characteristics of study participants (N = 1119).

N (%) Mean (SD)

(Infection age ≤ 5) Asymptomatic malaria (missing: n = 12)
No 983 (88.8)

Yes 124 (11.2)

(Infection age ≤ 5) Clinical malaria
No 474 (42.4)

Yes 645 (57.6)

(Infection age ≤ 5) HIV exposure status

Unexposed 1001 (89.5)

Exposed, but uninfected 100 (8.9)

Infected 18 (1.6)

Level 5: Lifestyle factors and current 
infections

Age (years) 10.4 (0.50)

BMI (kg/m2) 16.0 (1.88)

Tanner pubic hair growth stage (missing: 
n = 509)

Stage 1 441 (72%)

Stage 2 149 (24%)

Stage 3 20 (3%)

Tanner breast development stage, only in 
girls (missing: n = 262)

Stage 1 178 (65%)

Stage 2 79 (29%)

Stage 3 17 (6%)

(Current infection) Schistosoma mansoni (missing: n = 43)
No 964 (89.6)

Yes 112 (10.4)

(Current infection) Trichuris (missing: n = 43)
No 1036 (96.3)

Yes 40 (3.7)

(Current infection) Hookworm (missing: n = 43)
No 1066 (99.1)

Yes 10 (0.9)

(Current infection) Asymptomatic malaria (missing n = 30)
No 1067 (98.0)

Yes 22 (2.0)

Days of fruit eaten/week (missing: 
n = 35)

None 114 (10.5)

1–3 620 (57.2)

4–7 350 (32.3)

Days of vegetables eaten/week (missing: 
n = 33)

None 106 (9.7)

1–3 575 (52.5)

4–7 415 (37.8)

Days of animal-protein eaten/week 
(missing: n = 9)

None 122 (11.1)

1–3 786 (71.4)

4–7 192 (17.5)

Days of sugared drinks taken/week 
(missing: n = 26)

None 427 (39.1)

1–3 492 (45.0)

4–7 174 (15.9)

Physical education at school (missing: 
n = 15)

No 385 (34.9)

Yes 719 (65.1)

0% 20% 40% 60% 80% 100%

Total Cholesterol (n=1113)

Triglycerides (n=1113)

HDL (n=1096)

LDL (n=1109)

Normal Borderline Abnormal

Figure 1.  Distribution of lipid levels into categories according to AHA guidelines.
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p < 0.001). Children who drank sugared drinks more frequently had higher HDL values. No evidence for an 
association between PE at school and HDL was observed.

Factors affecting total cholesterol levels. Supplementary Table  S3 shows the relationship with TC 
levels for all variables considered, while Table 4 shows variables with evidence of association with TC and that 
were retained for model building. On the most distal level, the highest TC levels were found in children in the 
high SES category and the lowest in middle SES. Among the reproductive and perinatal factors, we found only 
weak associations with maternal age and maternal malaria infection. Children born in the dry season had lower 
TC values than those born during the wet season. No evidence for associations was found for clinical malaria 
or other infections in childhood. Of the fifth level, several exposure variables were associated with TC. Firstly, 
there was evidence of a linear association between BMI and TC (p = 0.001). The adjusted mean difference in TC 
per one-unit increase of BMI was 0.05 mmol/L (95% CI 0.02, 0.08), which is similar to the estimate for LDL. 
Also, current malaria infection was associated with lower levels of TC (adjusted β − 0.62; 95% CI − 0.97, − 0.27 
p < 0.001). The size and direction of the association is similar to that of LDL and HDL. From the dietary vari-
ables, increased intake of animal protein and reduced consumption of fruits were associated with higher TC.

Factors affecting triglyceride levels. Supplementary Table S4 shows the relationship with triglyceride 
levels for all variables considered, while Table 5 shows variables with evidence of association with triglycerides 
and that were retained for model building. In contrast with the other lipids, no associations were found with 
socioeconomic variables. On the second level, some evidence was observed that these levels were associated 
with maternal age (p = 0.01), however a clear pattern or a similar trend with HDL and TC was lacking. There was 

Table 2.  Hierarchical multiple linear regression of risk factors for LDL. Model 1: Age, sex + other variables 
at level 1. Model 2: Age, sex, household SES, marital status + other variables at level 2. Model 3: Age, sex, 
household SES, marital status, maternal BMI + other variables at level 3. Model 4: Age, sex, household SES, 
marital status, maternal BMI + other variables at level 4. Model 5: Age, sex, household SES, marital status, 
maternal BMI, trichuris below age of 5, malaria below age of 5 + other variables at level 5. a Other: widowed, 
divorced, or separated.

Crude change in LDL (mmol/L) for every one-unit 
increase of the exposure variable from baseline 
(95% CI) p value

Adjusted change in LDL (mmol/L) for every one-
unit increase of the exposure variable from baseline 
(95% CI) p value

Model 1 (n = 1080)

Household SES

Low Reference

0.09

Reference

0.09Middle − 0.05 (− 0.17, 0.07) − 0.08 (− 0.20, 0.05)

High 0.05 (− 0.09, 0.18) 0.02 (− 0.11, 0.16)

Marital status

Single − 0.05 (− 0.17, 0.08)

0.03

− 0.07 (− 0.20, 0.06)

0.06Married Reference Reference

Othera − 0.30 (− 0.52, − 0.08) − 0.26 (− 0.50, 0.02)

Model 2 (n = 1061) Maternal BMI (kg/m2) 0.01 (0.00–0.03) 0.01 0.01 (0.00, 0.02) 0.08

Model 3 (n = 890)

Sex

Female Reference
0.008

Reference
0.10

Male − 0.11 (− 0.18, − 0.03) − 0.07 (− 0.16, 0.01)

Model 4 (n = 1063)

Trichuris below the age of 5

No Reference
0.05

Reference
0.03

Yes 0.13 (0.00, 0.26) 0.15 (0.02, 0.29)

Asymptomatic malaria before the age of 5

No Reference
0.02

Reference
0.10

Yes − 0.15 (− 0.27, − 0.02) − 0.11 (− 0.24, 0.02)

Model 5 (n = 954)

BMI (kg/m2) 0.04 (0.02, 0.06) < 0.001 0.03 (0.01, 0.06) 0.006

Current asymptomatic malaria infection

No Reference
< 0.001

Reference
0.001

Yes − 0.53 (− 0.82, − 0.24) − 0.51 (− 0.81, − 0.21)

Days of fruit eaten/week

None Reference

0.53

Reference

0.031–3 − 0.08 (− 0.21, 0.06) − 0.20 (− 0.35, − 0.05)

4–7 − 0.07 (− 0.21, 0.07) − 0.14 (− 0.30, 0.03)

Days of animal protein eaten/week

None Reference

0.01

Reference

0.0021–3 0.06 (− 0.06, 0.19) 0.10 (− 0.04, 0.24)

4–7 0.20 (0.05, 0.35 0.27 (0.11, 0.44)
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some evidence that maternal hookworm was associated with increased triglyceride levels (adjusted GMR 1.05; 
95% CI 0.99, 1.11; p = 0.08). Weak evidence for associations with place of delivery and low birthweight were also 

Table 3.  Hierarchical multiple linear regression of risk factors for HDL. Model 1: Age, sex + other variables 
at level 1. Model 2: Age, sex, household SES, maternal education + other variables at level 2. Model 3: Age, 
sex, household SES, maternal education, maternal age, maternal hookworm infection, treatment allocation 
to praziquantel + other variables at level 3. Model 4: Age, sex, household SES, maternal education, maternal 
age, maternal hookworm infection, treatment allocation to praziquantel, low birthweight, mode of delivery, 
season + other variables at level 4. Model 5: Age, sex, household SES, maternal education, maternal age, 
maternal hookworm infection, treatment allocation to praziquantel, low birthweight, mode of delivery, season, 
malaria infection below the age of 5 + other variables at level 5.

Crude change in HDL (mmol/L) for every one-unit 
increase of the exposure variable from baseline 
(95% CI) p value

Adjusted change in HDL (mmol/L) for every one-
unit increase of the exposure variable from baseline 
(95% CI) p value

Model 1 (n = 1068)

Household SES

Low Reference

< 0.001

Reference

< 0.001Middle 0.06 (0.00, 0.12) 0.05 (− 0.01, 0.12)

High 0.14 (0.07, 0.21) 0.13 (0.05, 0.19)

Maternal education

None − 0.19 (− 0.31, − 0.06)

0.005

− 0.17 (− 0.30, − 0.04)

0.03
Primary Reference Reference

Senior 0.04 (− 0.01, 0.08) 0.03 (− 0.02, 0.07)

Tertiary 0.03 (− 0.03, 0.10) 0.02 (− 0.06, 0.09)

Model 2 (n = 1046)

Maternal age (years)

14–19 Reference

0.03

Reference

0.04
20–24 − 0.05 (− 0.11, 0.00) − 0.04 (− 0.10, 0.02)

25–29 − 0.05 (− 0.11, 0.01) − 0.03 (− 0.11, 0.05)

30+ 0.02 (− 0.05, 0.09) 0.05 (− 0.05, 0.14)

Maternal hookworm infection

No Reference
< 0.001

Reference
0.01

Yes − 0.07 (− 0.12, − 0.03) − 0.06 (− 0.10, − 0.01)

Treatment allocation of mother to praziquantel

No Reference
0.08

Reference
0.08

Yes − 0.04 (− 0.08, 0.01) − 0.04 (− 0.08, 0.00)

Model 3 (n = 882)

Mode of delivery

Vaginal Reference
0.004

Reference
0.01

C-section/instrument 0.10 (0.03, 0.17) 0.10 (0.02, 0.17)

Season at birth

Wet Reference
0.03

Reference
0.007

Dry − 0.04 (− 0.08, 0.00) − 0.06 (− 0.11, − 0.02)

Low birthweight

No Reference
0.01

Reference
0.04

Yes − 0.11(− 0.19. − 0.03) − 0.08 (− 0.15, 0.00)

Model 4 (n = 875)

Asymptomatic malaria below the age of 5

No Reference
0.005

Reference
0.04

Yes − 0.09 (− 0.16, − 0.03) − 0.08 (− 0.16, − 0.01)

Model 5 (n = 784)

Current asymptomatic malaria infection

No Reference
< 0.001

Reference
< 0.001

Yes − 0.49 (− 0.64, − 0.35) − 0.40 (− 0.56, − 0.23)

Days of vegetables eaten/week

None Reference

0.98

Reference

0.091–3 0.00 (− 0.07, 0.07) − 0.09 (− 0.18, 0.00)

4–7 0.00 (− 0.07, 0.07) − 0.09 (− 0.18, 0.04)

Days of sugary drinks taken/week

None Reference

< 0.001

Reference

< 0.0011–3 0.02 (− 0.03, 0.06) 0.01 (− 0.04, 0.07)

4–7 0.13 (0.07, 0.19) 0.13 (0.06, 0.20)
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observed. Triglyceride levels in children born with low birthweight were 12% higher than in those born with 
normal weight (95% CI 1.00, 1.25; p = 0.05). No association was seen for asymptomatic malaria below the age 
of five. Triglyceride levels were slightly higher in children who were randomised to albendazole. On the most 
proximal level, in the adjusted analysis, triglyceride levels were estimated to increase by 3% (95% CI 1.01, 1.05) 
per one unit increase in BMI (p < 0.001). Also, in contrast with all other lipids, triglyceride levels were higher in 
those with current malaria infection (adjusted GMR 1.47; 95% CI 1.18, 1.84; p < 0.001). No associations were 
found between any of the dietary variables or physical activity level and triglyceride levels.

Discussion
This study aimed to investigate whether early-life or later exposures were associated with lipid levels in Ugandan, 
early adolescents. In the study cohort, abnormally low levels of HDL were observed in 31% of the adolescents, 
elevated triglyceride levels were seen in 14% and abnormally high levels of LDL and TC were found in around 

Table 4.  Hierarchical multiple linear regression of risk factors for total cholesterol. Model 1: Age, sex + other 
variables at level 1. Model 2: Age, sex, household SES, marital status + other variables at level 2. Model 3: 
Age, sex, household SES, marital status, maternal age, maternal malaria infection + other variables at level 3. 
Model 4: Age, sex, household SES, marital status, maternal age, maternal malaria infection, season + other 
variables at level 4. Model 5: Age, sex, household SES, marital status, maternal age, maternal malaria infection, 
season, malaria infection below the age of 5 + other variables at level 5. TC total cholesterol. a Other: widowed, 
divorced, or separated.

Crude change in TC (mmol/L) for every one-unit 
increase of the exposure variable from baseline (95% CI) p value

Adjusted change in TC (mmol/L) for every one-unit 
increase of the exposure variable from baseline (95% CI) p value

Model 1 (n = 1098)

Household SES

Low Reference

0.02

Reference

0.03Middle − 0.01 (− 0.15, 0.13) − 0.04 (− 0.19, − 0.11)

High 0.14 (− 0.01, 0.30) 0.10 (− 0.05, 0.26)

Marital status

Single 0.01 (− 0.14, 0.16)

0.02

− 0.01 (− 0.16, 0.14)

0.08Married Reference Reference

Othera − 0.39 (− 0.65, − 0.12) − 0.32 (− 0.61, − 0.04)

Model 2 (n = 1047)

Maternal age group

14–19 Reference

0.12

Reference

0.08
20–24 − 0.04 (− 0.17, 0.09) 0.01 (− 0.13, 0.16)

25–29 0.11 (− 0.03, 0.25) 0.19 (0.01, 0.37)

30 + 0.03 (− 0.12, 0.18) 0.14 (− 0.07, 0.35)

Maternal malaria infection

No Reference
0.05

Reference
0.08

Yes − 0.16 (− 0.31, 0.00) − 0.15 (− 0.31, − 0.02)

Model 3 (n = 885)

Sex

Female Reference
0.005

Reference
0.08

Male − 0.13 (− 0.22, 0.04) − 0.09 (− 0.20, 0.01)

Season

Wet Reference
0.24

Reference
0.04

Dry − 0.06 (− 0.15, 0.04) − 0.11 (− 0.21, 0.00)

Model 4 (n = 1058)

Asymptomatic malaria below the age of 5

No Reference
0.02

Reference
0.07

Yes − 0.17 (− 0.32, − 0.02) − 0.14 (− 0.30, 0.01)

Model 5 (n = 952)

BMI (kg/m2) 0.05 (0.03, 0.08) < 0.001 0.04 (0.02, 0.08) 0.001

Current asymptomatic malaria infection

No Reference
< 0.001

Reference
 < 0.001

Yes − 0.70 (− 1.04, − 0.37) − 0.62 (− 0.97, − 0.27)

Days of fruit eaten/week

None Reference

0.43

Reference

0.071–3 − 0.07 (− 0.23, 0.08) − 0.21 (− 0.39, − 0.03)

4–7 − 0.11 (− 0.28, 0.06) − 0.19 (− 0.38, 0.00)

Days of animal protein eaten/week

None Reference

0.02

Reference

0.0011–3 0.08 (− 0.07, 0.23) 0.11 (− 0.06, 0.27)

4–7 0.23 (0.05, 0.41) 0.33 (0.13, 0.53)
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5%. Although some associations were observed between variables at the more distal levels (variables related to 
socioeconomic status and reproductive factors) and lipid levels, the strongest associations were found at the most 
proximal level (variables related to lifestyle and current malaria infection). Our results show that current malaria 
infection is strongly associated with lipid levels. Adolescents with current malaria had lower LDL, HDL, and TC 
levels, but higher triglyceride levels. We also found some suggestion that childhood asymptomatic malaria infec-
tion, but not clinical malaria, was associated with decreased LDL, HDL and TC levels in adolescence. Current 
helminth infections and childhood exposure to helminths were not associated with lipid levels in adolescence. 
We found some evidence suggesting a relationship between dietary intake, e.g. animal protein consumption, 
and specific lipid levels. Also, our data showed that BMI was linearly positively associated with LDL, TC, and 
triglycerides.

The prevalence of dyslipidaemia in Ugandan adolescents was similar to that found in other LMICs including 
 Brazil26,  Ghana27, and Sri  Lanka28; studies in these countries have all reported abnormally low HDL levels in 
around 30% of the participants. These abnormal HDL prevalence estimates are higher than those observed in 
adolescent populations in high-income countries such as United  States29 (12.8%) or  Korea30 (7.1%), and only 
slightly lower than those observed in the general adult African  population8. Moreover, we observed low preva-
lence of elevated LDL levels in our study in contrast with what has been reported in  adults8. Reference values 
from the American Health Association were used which made results comparable to other studies. However, 
these cut-offs may be less suitable for Ugandan adolesecents as serum HDL levels vary per  population31 and as 
such further population studies will help define the population appropriate cut-offs for predicting cardiovascular 
risk. In addition, inclusion of other markers such as apoliprotein may be considered in future studies. Neverthe-
less, the high prevalence of decreased HDL remains worrying as HDL has a protective effect on the development 
of  CVD32.

Our finding that current malaria infection affects the lipid profile is consistent with previous research. Visser 
et al. reported in their meta-analysis that decreased levels of LDL, HDL, and TC and increased levels of triglyc-
erides levels were observed in malaria patients compared to healthy  controls20, however in many of the studies 
included there was no appropriate controlling for confounders. We showed that after adjusting for a large number 
of potential confounders, such as early-life factors and coinfections, there remains strong evidence for an asso-
ciation between malaria infection and lipid levels. The effect estimates in our study are similar to those reported 
in this large meta-analysis20. Although the prevalence of current asymptomatic malaria infection was low, the 
effect size was large and potentially clinically relevant. Decreased HDL, LDL, and TC, but increased triglycer-
ides are recognised in the acute phase response to  infections33. However, malaria parasites may also interfere 

Table 5.  Hierarchical multiple linear regression of risk factors for triglyceride levels. Model 2: Age, sex + other 
variables at level 2. Model 3: Age, sex, maternal age, maternal hookworm infection + other variables at level 
3. Model 4: Age, sex, maternal age, maternal hookworm infection, low birthweight, place of delivery + other 
variables at level 4. Model 5: Age, sex, maternal age, maternal hookworm infection, low birthweight, place of 
delivery, treatment allocation to albendazole (child) + other variables at level 5.

Crude geometric mean ratio (95% 
CI) P value

Adjusted geometric mean ratio 
(95% CI) P value

Model 2 (n = 1077)

Maternal age group

14–19 Reference

0.08

Reference

0.01
20–24 1.03 (0.98, 1.11) 1.04 (0.96, 1.12)

25–29 1.10 (1.02, 1.19) 1.10 (1.00, 1.22)

30 + 0.97 (0.89, 1.05) 0.97 (0.86, 1.09)

Maternal hookworm infection

No Reference
0.07

Reference
0.08

Yes 1.05 (1.00, 1.11) 1.05 (0.99, 1.11)

Model 3 (n = 912)

Low birthweight

No Reference
0.07

Reference
0.05

Yes 1.11 (1.00, 1.24) 1.12 (1.00, 1.25)

Place of delivery

Hospital Reference

0.09

Reference

0.06Home 1.01 (0.93, 1.10) 0.91 (0.76, 1.08)

Other 1.08 (1.01, 1.16) 1.10 (1.00, 1.21)

Model 4 (n = 905)

Treatment allocation of child to albendazole

No Reference
0.08

Reference
0.05

Yes 1.05 (1.00, 1.12) 1.06 (1.00, 1.12)

Model 5 (n = 807)

BMI (kg/m2) 1.02 (1.01, 1.04) < 0.001 1.03 (1.01, 1.05) < 0.001

Current asymptomatic malaria infection

No Reference
< 0.001

Reference
0.001

Yes 1.49 (1.24, 1.80) 1.47 (1.18, 1.84)
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with cholesterol metabolism, which takes place in the liver, to ensure sufficient amounts are available for their 
 survival20. Follow up of lipid levels after adequate malaria treatment may shed led on whether these changes are 
temporary or persist following infection clearance as this may have consequences for lipid improvement strate-
gies. Another interesting question to explore is if lower HDL and LDL increase the likelihood of malaria infection.

Unlike for malaria, we did not find evidence for an association between current helminth infection and lipid 
levels. We did not find associations for Schistosoma mansoni infection which has been associated with lower 
LDL and TC in Ugandan  adults34. However, the prevalence of these infections was low and the study was likely 
to be underpowered to find relevant differences. Our results are in agreement with data from Indonesia, where 
researchers did not find a difference in lipids between helminth-infected and helminth-uninfected adults after 
adjusting for sex, age, and  BMI35.

To our knowledge, no previous studies have explored the effects of early-life exposure to helminths and 
malaria on lipid levels later in life. Although no evidence was observed for an association between lipids and 
helminths, the results suggest that asymptomatic malaria infection, but not clinical malaria, below the age of five 
may have a marginal effect on lipids. The directions of effects were the same as those for current malaria infec-
tion. The differences observed between childhood asymptomatic and clinical malaria with regard to lipids may 
be related to host immune responses. These responses in asymptomatic malaria are mainly anti-inflammatory36 
and could, if this anti-inflamatory immune profile persists because treatment is not sought, potentially have 
some effect on lipid  metabolism37.

We did not find evidence for an association between breastfeeding practices and lipid levels in contrast to a 
previous study in Hong  Kong17. An explanation for this may be that the high-income setting of Hong Kong is 
very different to that in Uganda: the prevalence of abnormal HDL levels and the proportion of children being 
exclusively breastfed were much lower in the Hong Kong study. Also, dietary practices are likely to differ between 
Hong Kong and Uganda. Regarding low birthweight, we found some evidence suggesting that low birthweight 
was associated with lower HDL and higher triglyceride levels. The effect sizes however were small and the esti-
mates may have been confounded as we could not control for gestational age.

Lifestyle factors were not the primary focus of this study. However, we did observe associations that have 
previously been described in other studies. The literature on the effects of dietary intake and lipid level is exten-
sive and studies suggest that a healthy diet consisting of sufficient fruit and vegetable intake and restricted con-
sumption of animal protein has a beneficial effect on the lipid  levels27. In our study, we found similar results for 
some of the dietary variables. Our results for HDL showed a different pattern than what we expected, namely 
a positive association with consumption of sugary drinks. This is in contrast with cross-sectional studies in 
American children where no association was  reported38,39. This finding may be a false positive result, but war-
rants further investigation. Moreover, we observed strong evidence for linear association of BMI with LDL, TC, 
and triglycerides. We did not find evidence for an association between physical education at school and lipids. 
It is important to note that the data on dietary intake and physical activity were self-reported and may not have 
been entirely accurate. Moreover, more detailed information, e.g. minutes of physical activity per day/type of 
activity, on these factors was lacking.

This study had several limitations. Although most of the characteristics of the participants were similar to 
non-participants, selection bias cannot be entirely ruled out. Also, data were missing for some variables, and 
because of the regression methods used, observations with missing data were excluded. For most variables, except 
for birthweight and puberty staging, the amount of missing data was small. Since birthweight was not the main 
exposure under investigation, we did not perform sensitivity analyses. Unfortunately, information on puberty 
staging was unavailable for nearly half of the participants, and therefore it was not included in the analyses.

Misclassification of some of the exposure variables may have occurred, for example through misdiagnosis of 
the infections and reporter bias in the survey data. In children with asymptomatic malaria and previous expo-
sure to malaria, infections may be submicroscopic and therefore only detectable with molecular  techniques40 
and may have been underreported in our study. In this case, false negatives may have led to overestimation of 
the true effect. Similarly, for Schistosoma mansoni and hookworm infection the sensitivity of microscopy (using 
Kato-Katz) correlates with the infection intensity—light intensity infections are more likely to be  missed41. The 
use of more novel antigen or molecular parasite detection methods in addition to microscopy (the gold standard) 
may be considered for future studies. Although we were able to control for many of the known confounders, data 
on some may have been missing and may have resulted in residual confounding. An example would be certain 
genetic traits that are related to lipid metabolism. Another potential limitation is the multiplicity of statistical 
tests that may have introduced spurious associations. When a variable appeared to be associated with more than 
one lipid, we considered this a stronger indication of a true association. Other factors that helped decide whether 
associations were not just due to chance were effect size, dose response, biological plausibility, and consistency 
with previously published literature. Due to the modelling strategy, the model assessing the effects of variables 
on the most proximal level (lifestyle and current infections) included many variables which may have increased 
the risk of overfitting. Lastly, for lifestyle factors and current infections the direction of the effects are difficult 
to establish because of the cross-sectional nature of these particular associations, while for the variables on the 
other levels this was not an issue.

The study included a large number of participants who where followed up for a long period of time making the 
results of this study generalisable to other adolescent populations in Sub-Saharan Africa with a similar parasitic 
burden. The longitudinal design of the study allowed us to explore the potential effects of early-life factors on 
adolescent lipid profiles in a setting where environmental and infectious disease exposure are different to those 
in high-income settings. To better understand if these exposures are associated with lipid levels is important, 
because Uganda, like many other LMICs, is experiencing societal changes and an epidemiological transition 
that will result in an increased burden of non-communicable diseases. Our high prevalence of reduced HDL 
levels shows the necessity of interventions aimed at improving lipid profiles to prevent the excess risk of CVD 
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in adulthood. These interventions should focus on increasing HDL levels to healthier levels in order to avoid 
the development of artherosclerosis in early  adulthood14 The implementation, however, may be challenging. For 
instance, we observed low HDL levels in adolescents with low household SES who may have limited access to 
healthy, yet affordable foods which may also depend on the area of residence. Interventions need to pay special 
attention to these different (socioeconomic) factors.

In conclusion, the prevalence of dyslipidaemia in Ugandan adolescents was high. Our findings suggest that 
early-life factors only have a marginal effect on the lipid profile. Current malaria infection and BMI are strongly 
associated with lipids and important to consider when trying to improve the lipid profile in adolescents to prevent 
excess risk of CVD in adulthood.

Methods
The EMaBS study. The Entebbe Mother and Baby Study (EMaBS) began as a randomised controlled trial 
(ISRCTN32849447) investigating the effect of deworming during pregnancy and early childhood on the infant’s 
immune response to immunisation, and on the susceptibility to infectious and allergy-related  diseases23. The 
study was conducted in and around Entebbe, Uganda; the study setting comprised urban, peri-urban, rural and 
fishing communities on a peninsular in Lake Victoria A total of 2507 pregnant women recruited between April 
2003 and November 2005. Using a 2 × 2 (× 2) factorial design, pregnant women were randomised to receive 
praziquantel or placebo and albendazole or placebo during pregnancy, and the resulting 2345 offspring were 
randomised to receive quarterly albendazole or placebo starting at 15 months to 5 years of age. All participants 
gave written, informed consent. This study was approved by ethics committees of the Uganda Virus Research 
Institute, the London School of Hygiene and Tropical Medicine and the Uganda National Council for Science 
and Technology and conducted in accordance with ICH-GCP guidelines and the Declaration of Helsinki. 
Around 31% of the eligible children in the community were enrolled into the EMaBS study. Participants were 
more likely to have higher SES and a lower risk of exposure to parasitic infection when compared to other chil-
dren in the  community20. At trial completion, children aged 5 years of age in this cohort continued under follow 
up (without intervention). Data were collected at scheduled visits starting in antenatal care, through delivery 
to childhood. Children also attended the clinic when ill, and their clinical data was recorded. Children still in 
the EMaBS birth cohort attending their 10 or 11 year routine annual visit between May 2014 and June 2016 
were invited to participate in the blood pressure (BP) study. For those presenting at their annual visit with an 
illness, enrolment was postponed untill after the illness resolved. The BP study aimed to investigate influence 
of early-life, life-course and genetic factors on BP in adolescence. Additional written, informed consent was 
obtained from both the adolescent and their parent or guardian for participation in the BP study. Detailed study 
design and findings from the BP study have been published  elsewhere24,42,43. In addition to BP measurements, 
Tanner staging for pubic hair and breast development, and anthropometric measurements for calculation of 
BMI , the 10- and 11-year old adolescents had blood samples collected for fasting lipid profile assessement. The 
lipid profiles were measured at the Uganda Virus Research Institute/Medical Research Council (UVRI/MRC) 
lab facility using the homogenous enzymatic colorimetric assay using Cobas Integra 400 plus (serial number 
398794, Roche diagnostics Ltd). Total cholesterol (TC) was measured by enzymatic colorimetric method, which 
is standardised against the Isotope Dilution Mass Spectrometry (ID-Ms) and Abell Kendall. The assay’s lowest 
limit of detection is 0.1 mmol/L with an intermediate assay coefficient of variation (CV) % 1.6. Triglycerides 
were measured by enzymatic colorimetric principle, standardised against Isotope Dilution Mass Spectrometry, 
with its lowest limit of detection 0.1 mmol/L, intermediate assay CV% 1.5, LDL was measured by enzymatic 
colorimetric method which is standardised against beta quantification method,with its lowest limit of detection 
at 0.1 mmol/L,intermediate CV% 2.0, HDL was measured by enzymatic colorimetric method which standard-
ised against ultra centrification method (CDC reference method), lowest limit of detection at 0.08 mmol/L and 
intermediate CV% 1.8 (cobas method sheets 2017-01 v7.0).

Blood samples were also examined for malaria parasitaemia using Leishman’s stains while stool was exam-
ined for helminth (Schistosoma mansoni, Necator americanus, Ascaris lumbricoides and Trichuris trichiura) ova 
using Kato-Katz. Data on dietary intake and physical activity were obtained through a questionnaire completed 
through interviewing the adolescent with help of the parent/guardian. Participants were asked for how many 
days/week a given food/drink was consumed in a typical week of the last month. The foods and drinks surveyed 
included fruits, vegetables, sugared drinks, and animal-protein. Physical activity was surveyed by asking whether 
they were offered physical education at school and if yes, whether they  participated44. Childhood HIV status was 
determined at 18 months of age using a rapid serial testing algorithm described  elsewhere45,46. Data obtained 
in the BP study were linked to data previously collected in the EMaBS, for which detailed methods have been 
described  elsewhere45–47. Using the data collected in the EMaBS, we aimed to investigate whether early-life and 
life-course factors affect blood lipid levels in early adolescence.

Conceptual framework. We hypothesised that lipid levels in adolescents might be affected by several risk 
factors at different stages in life, including socioeconomic factors, reproductive factors, perinatal factors, infec-
tions during childhood, infections at time of lipid measurement and lifestyle factors. To show the relationships 
between these factors a hierarchical conceptual framework was proposed (Fig. 2). According to this framework, 
socioeconomic status (SES) may either directly or indirectly determine all other variables, apart from sex and 
age at lipid measurement. The second level consisted of variables related to reproductive factors and included 
maternal nutritional status and maternal infections. These factors may partly have been determined by SES. 
The third level comprised of perinatal factors, e.g. birthweight, that may have been dependent on both SES and 
reproductive factors. Level 4 included variables related to childhood infections up to the age of 5 that may have 
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been in part affected by SES, reproductive, and perinatal factors. Lastly, the most proximal level consisted of 
lifestyle factors and current infection status. These may have been influenced by factors on all preceding levels.

Data management. Low birthweight was defined as birthweight < 2.5 kg according to WHO  guidelines48. 
Birth season was categorised as wet or dry based on whether the total monthly rainfall was higher or lower than 
the monthly median  rainfall42. Household socioeconomic status scores had previously been calculated using 
principal component  analysis42 based on variables relating to the building materials and the number of rooms or 
items collectively  owned46. These scores were split into three groups: low, middle and high SES. Malaria infection 
below the age of five was further split into clinical and asymptomatic malaria depending on whether children 
presented with or without fever, respectively. In the absence of Ugandan reference values for lipid levels, the 
child appropriate reference values from the American Heart  Association25 were used to categorise the lipid levels 
into the following three groups: (1) acceptable, (2) borderline, and (3) abnormal levels. Abnormal levels were 
defined as LDL ≥ 3.4 mmol/L, HDL < 1.0 mmol/L, TC ≥ 5.1 mmol/L, and triglycerides ≥ 1.47 mmol/L. Border-
line levels were defined as LDL 2.8–3.3 mmol/L, HDL 1.0–1.2 mmol/L, TC 4.3–5.1 mmol/L, and triglycerides 
1.0–1.46 mmol/L. Normal levels were defined as LDL < 2.8 mmol/L, HDL > 1.2 mmol/L, TC < 4.3 mmol/L, and 
triglycerides < 1.0 mmol/L. These categorical variables were only used to summarise the prevalence of abnormal-
ity in the cohort. For all further analyses, lipid levels were analysed as continuous outcomes.

The distribution of the outcome variables (HDL, LDL, triglycerides, and TC) were assessed using histograms 
and Q–Q plots. Apart from triglycerides, all outcomes were approximately normally distributed. Triglyceride 
levels were right skewed and were therefore log transformed (natural log), after which they approximately fol-
lowed the normal distribution.

The proportion of missing data was small (0–4%), except for birthweight (17%), Tanner pubic hair stage 
(45%), and Tanner breast development stage in girls (49%). Since birthweight was only one of many exposure 
variables and not the main focus of this study, we did not use formal statistical techniques for handling missing 
data. The puberty stage variables were not included in the final models due to the large percentage of missing data.

Figure 2.  Proposed hierarchical conceptual framework for relationship between risk factors and lipid levels 
in adolescents. The boxes with grey shading indicate that these factors also depend on sex and age. The arrows 
represent the hypothesised relationships between the factors and can be bi-directional.
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Sample size. The sample size was determined by the initial EMaBS trial objectives and for the BP study 
as many children as possible were included. For exposure variables with prevalence 25%, this analysis has 80% 
power to detect an absolute difference of 0.15  mmol/L in mean lipid level between exposed and unexposed 
participants.

Statistical analysis. Data were analysed using STATA version 15 (StataCorp, Texas, United States). The 
arithmetic mean was calculated for HDL, LDL and TC, whereas for triglycerides the geometric mean was calcu-
lated since analyses were on the log scale. Linear regression was used to examine the associations between the 
exposure variables and lipid levels. For the multivariable analysis, a hierarchical modelling approach was used 
analogous to the method described by Victora et al.49. Sex and age at measurement were considered confound-
ers a priori thus included in all models. For the first model, sex and age were included together with the vari-
ables at the most distal level (SES). The distal variables were added simultaneously irrespective of whether they 
were associated with the outcome in the crude analysis. Variables with a p-value < 0.10 in the adjusted model 
were retained and all the variables at the second level (reproductive factors) were added to the model. This pro-
cess was repeated up to the most proximal level i.e. lifestyle factors and current infection. These models were 
independently fitted for each lipid parameter. The estimates from the linear regression models for triglycerides 
were back-transformed to derive the geometric mean ratio (GMR). Collinearity was assessed by comparing the 
standard errors from the crude models to those from the adjusted model. None of the variables was considered 
to be an effect modifier a priori.

Data availability
The datasets generated and/or analysed during the current study are not publicly available because ethical 
approval for public sharing was not obtained, but are available from the corresponding author on reasonable 
request.

Received: 31 July 2020; Accepted: 2 August 2021

References
 1. WHO Factsheet Cardiovascular Diseases (CVDs). https:// www. who. int/ news- room/ fact- sheets/ detail/ cardi ovasc ular- disea ses- (cvds) 

(2017). Accessed 05 May 2020.
 2. Benjamin, E. J. et al. Heart Disease and Stroke Statistics-2017 update: A report from the American Heart Association. Circulation 

135, e146–e603. https:// doi. org/ 10. 1161/ CIR. 00000 00000 000485 (2017).
 3. Berry, J. D. et al. Lifetime risks of cardiovascular disease. N. Engl. J. Med. 366, 321–329. https:// doi. org/ 10. 1056/ NEJMo a1012 848 

(2012).
 4. Poirier, P. et al. Obesity and cardiovascular disease: Pathophysiology, evaluation, and effect of weight loss: An update of the 1997 

American Heart Association Scientific Statement on Obesity and Heart Disease from the Obesity Committee of the Council on 
Nutrition, Physical Activity, and Metabolism. Circulation 113, 898–918. https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 106. 171016 
(2006).

 5. Nelson, R. H. Hyperlipidemia as a risk factor for cardiovascular disease. Prim. Care 40, 195–211. https:// doi. org/ 10. 1016/j. pop. 
2012. 11. 003 (2013).

 6. McGill, H. C. Jr., McMahan, C. A., Malcom, G. T., Oalmann, M. C. & Strong, J. P. Effects of serum lipoproteins and smoking on 
atherosclerosis in young men and women. The PDAY Research Group. Pathobiological Determinants of Atherosclerosis in Youth. 
Arterioscler. Thromb. Vasc. Biol. 17, 95–106 (1997).

 7. WHO. Prevalence of raised blood cholesterol, ages 25+, age standardized: Both sexes, 2008. http:// gamap server. who. int/ mapLi brary/ 
Files/ Maps/ Global_ Blood Chole stero lPrev alence_ BothS exes_ 2008. png (2011). Accessed 05 May 2020.

 8. Noubiap, J. J. et al. Prevalence of dyslipidaemia among adults in Africa: A systematic review and meta-analysis. Lancet Glob. Health 
6, e998–e1007. https:// doi. org/ 10. 1016/ S2214- 109X(18) 30275-4 (2018).

 9. Stone, N. J. et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in 
adults: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circula-
tion 129, S1-45. https:// doi. org/ 10. 1161/ 01. cir. 00004 37738. 63853. 7a (2014).

 10. Kopin, L. & Lowenstein, C. Dyslipidemia. Ann. Intern. Med. 167, ITC81–ITC96. https:// doi. org/ 10. 7326/ AITC2 01712 050 (2017).
 11. Khera, A. V. & Plutzky, J. Management of low levels of high-density lipoprotein-cholesterol. Circulation 128, 72–78. https:// doi. 

org/ 10. 1161/ CIRCU LATIO NAHA. 112. 000443 (2013).
 12. Nicklas, T. A., von Duvillard, S. P. & Berenson, G. S. Tracking of serum lipids and lipoproteins from childhood to dyslipidemia in 

adults: The Bogalusa Heart Study. Int. J. Sports Med. 23(Suppl 1), S39-43. https:// doi. org/ 10. 1055/s- 2002- 28460 (2002).
 13. Webber, L. S., Srinivasan, S. R., Wattigney, W. A. & Berenson, G. S. Tracking of serum lipids and lipoproteins from childhood to 

adulthood. The Bogalusa Heart Study. Am. J. Epidemiol. 133, 884–899. https:// doi. org/ 10. 1093/ oxfor djour nals. aje. a1159 68 (1991).
 14. Koskinen, J. et al. Impact of lipid measurements in youth in addition to conventional clinic-based risk factors on predicting pre-

clinical atherosclerosis in adulthood: International Childhood Cardiovascular Cohort Consortium. Circulation 137, 1246–1255. 
https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 117. 029726 (2018).

 15. Lamb, M. M., Ogden, C. L., Carroll, M. D., Lacher, D. A. & Flegal, K. M. Association of body fat percentage with lipid concentrations 
in children and adolescents: United States, 1999–2004. Am. J. Clin. Nutr. 94, 877–883. https:// doi. org/ 10. 3945/ ajcn. 111. 015776 
(2011).

 16. Centers for Disease Control and Prevention. Prevalence of abnormal lipid levels among youths—United States, 1999–2006. MMWR 
Morb. Mortal Wkly. Rep. 59, 29–33 (2010).

 17. Hui, L. L. et al. Breastfeeding in infancy and lipid profile in adolescence. Pediatrics https:// doi. org/ 10. 1542/ peds. 2018- 3075 (2019).
 18. Lauren, L. et al. Relationship between birthweight and blood lipid concentrations in later life: Evidence from the existing literature. 

Int. J. Epidemiol. 32, 862–876. https:// doi. org/ 10. 1093/ ije/ dyg201 (2003).
 19. Bansal, D., Bhatti, H. S. & Sehgal, R. Role of cholesterol in parasitic infections. Lipids Health Dis. 4, 10. https:// doi. org/ 10. 1186/ 

1476- 511X-4- 10 (2005).
 20. Visser, B. J., Wieten, R. W., Nagel, I. M. & Grobusch, M. P. Serum lipids and lipoproteins in malaria—A systematic review and 

meta-analysis. Malar. J. 12, 442. https:// doi. org/ 10. 1186/ 1475- 2875- 12- 442 (2013).
 21. Yazdanbakhsh, M., Kremsner, P. G. & van Ree, R. Allergy, parasites, and the hygiene hypothesis. Science 296, 490–494. https:// doi. 

org/ 10. 1126/ scien ce. 296. 5567. 490 (2002).

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://doi.org/10.1161/CIR.0000000000000485
https://doi.org/10.1056/NEJMoa1012848
https://doi.org/10.1161/CIRCULATIONAHA.106.171016
https://doi.org/10.1016/j.pop.2012.11.003
https://doi.org/10.1016/j.pop.2012.11.003
http://gamapserver.who.int/mapLibrary/Files/Maps/Global_BloodCholesterolPrevalence_BothSexes_2008.png
http://gamapserver.who.int/mapLibrary/Files/Maps/Global_BloodCholesterolPrevalence_BothSexes_2008.png
https://doi.org/10.1016/S2214-109X(18)30275-4
https://doi.org/10.1161/01.cir.0000437738.63853.7a
https://doi.org/10.7326/AITC201712050
https://doi.org/10.1161/CIRCULATIONAHA.112.000443
https://doi.org/10.1161/CIRCULATIONAHA.112.000443
https://doi.org/10.1055/s-2002-28460
https://doi.org/10.1093/oxfordjournals.aje.a115968
https://doi.org/10.1161/CIRCULATIONAHA.117.029726
https://doi.org/10.3945/ajcn.111.015776
https://doi.org/10.1542/peds.2018-3075
https://doi.org/10.1093/ije/dyg201
https://doi.org/10.1186/1476-511X-4-10
https://doi.org/10.1186/1476-511X-4-10
https://doi.org/10.1186/1475-2875-12-442
https://doi.org/10.1126/science.296.5567.490
https://doi.org/10.1126/science.296.5567.490


13

Vol.:(0123456789)

Scientific Reports |        (2021) 11:16503  | https://doi.org/10.1038/s41598-021-96035-x

www.nature.com/scientificreports/

 22. Esteve, E., Ricart, W. & Fernandez-Real, J. M. Dyslipidemia and inflammation: An evolutionary conserved mechanism. Clin. Nutr. 
24, 16–31. https:// doi. org/ 10. 1016/j. clnu. 2004. 08. 004 (2005).

 23. Elliott, A. M. et al. The impact of helminths on the response to immunization and on the incidence of infection and disease in child-
hood in Uganda: Design of a randomized, double-blind, placebo-controlled, factorial trial of deworming interventions delivered 
in pregnancy and early childhood [ISRCTN32849447]. Clin. Trials 4, 42–57. https:// doi. org/ 10. 1177/ 17407 74506 075248 (2007).

 24. Lule, S. A. et al. Are birthweight and postnatal weight gain in childhood associated with blood pressure in early adolescence? 
Results from a Ugandan birth cohort. Int. J. Epidemiol. 48, 148–156. https:// doi. org/ 10. 1093/ ije/ dyy118 (2019).

 25. Grundy, S. M. et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Man-
agement of Blood Cholesterol: Executive summary: A report of the American College of Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines. Circulation 139, e1046–e1081. https:// doi. org/ 10. 1161/ CIR. 00000 00000 000624 (2019).

 26. Ribas, S. A. & Silva, L. C. Dyslipidemia in schoolchildren from private schools in Belem. Arq. Bras. Cardiol. 92, 412–417. https:// 
doi. org/ 10. 1590/ s0066- 782x2 00900 06000 06 (2009).

 27. Lartey, A., Marquis, G. S., Aryeetey, R. & Nti, H. Lipid profile and dyslipidemia among school-age children in urban Ghana. BMC 
Public Health 18, 320. https:// doi. org/ 10. 1186/ s12889- 018- 5196-0 (2018).

 28. Wickramasinghe, V. P. et al. Distribution of obesity-related metabolic markers among 5–15 year old children from an urban area 
of Sri Lanka. Ann. Hum. Biol. 40, 168–174. https:// doi. org/ 10. 3109/ 03014 460. 2012. 753109 (2013).

 29. Kit, B. K. et al. Prevalence of and trends in dyslipidemia and blood pressure among US children and adolescents, 1999–2012. JAMA 
Pediatr. 169, 272–279. https:// doi. org/ 10. 1001/ jamap ediat rics. 2014. 3216 (2015).

 30. Lim, J. S. The current state of dyslipidemia in Korean children and adolescents and its management in clinical practice. Ann. Pediatr. 
Endocrinol. Metab. 18, 1–8. https:// doi. org/ 10. 6065/ apem. 2013. 18.1.1 (2013).

 31. Moon, J. H., Koo, B. K. & Moon, M. K. Optimal high-density lipoprotein cholesterol cutoff for predicting cardiovascular disease: 
Comparison of the Korean and US National Health and Nutrition Examination Surveys. J. Clin. Lipidol. 9, 334–342. https:// doi. 
org/ 10. 1016/j. jacl. 2015. 01. 009 (2015).

 32. Harper, C. R. & Jacobson, T. A. New perspectives on the management of low levels of high-density lipoprotein cholesterol. Arch. 
Intern. Med. 159, 1049–1057 (1999).

 33. Khovidhunkit, W., Memon, R. A., Feingold, K. R. & Grunfeld, C. Infection and inflammation-induced proatherogenic changes of 
lipoproteins. J. Infect. Dis. 181(Suppl 3), S462-472. https:// doi. org/ 10. 1086/ 315611 (2000).

 34. Sanya, R. E. et al. The effect of helminth infections and their treatment on metabolic outcomes: Results of a cluster-randomised 
trial. Clin. Infect. Dis. https:// doi. org/ 10. 1093/ cid/ ciz859 (2019).

 35. Wiria, A. E. et al. Relationship between carotid intima media thickness and helminth infections on Flores Island, Indonesia. 
PLoS One 8, e54855. https:// doi. org/ 10. 1371/ journ al. pone. 00548 55 (2013).

 36. Kimenyi, K. M., Wamae, K. & Ochola-Oyier, L. I. Understanding P. falciparum asymptomatic infections: A proposition for a 
transcriptomic approach. Front. Immunol. 10, 2398. https:// doi. org/ 10. 3389/ fimmu. 2019. 02398 (2019).

 37. van Diepen, J. A., Berbee, J. F., Havekes, L. M. & Rensen, P. C. Interactions between inflammation and lipid metabolism: Relevance 
for efficacy of anti-inflammatory drugs in the treatment of atherosclerosis. Atherosclerosis 228, 306–315. https:// doi. org/ 10. 1016/j. 
ather oscle rosis. 2013. 02. 028 (2013).

 38. Kell, K. P., Cardel, M. I., Bohan Brown, M. M. & Fernandez, J. R. Added sugars in the diet are positively associated with diastolic 
blood pressure and triglycerides in children. Am. J. Clin. Nutr. 100, 46–52. https:// doi. org/ 10. 3945/ ajcn. 113. 076505 (2014).

 39. Van Rompay, M. I. et al. Sugar-sweetened beverage intake is positively associated with baseline triglyceride concentrations, and 
changes in intake are inversely associated with changes in HDL cholesterol over 12 months in a multi-ethnic sample of children. 
J. Nutr. 145, 2389–2395. https:// doi. org/ 10. 3945/ jn. 115. 212662 (2015).

 40. Lin, J. T., Saunders, D. L. & Meshnick, S. R. The role of submicroscopic parasitemia in malaria transmission: What is the evidence?. 
Trends Parasitol. 30, 183–190. https:// doi. org/ 10. 1016/j. pt. 2014. 02. 004 (2014).

 41. Barenbold, O. et al. Estimating sensitivity of the Kato-Katz technique for the diagnosis of Schistosoma mansoni and hookworm in 
relation to infection intensity. PLoS Negl. Trop. Dis. 11, e0005953. https:// doi. org/ 10. 1371/ journ al. pntd. 00059 53 (2017).

 42. Lule, S. A. et al. Blood pressure risk factors in early adolescents: Results from a Ugandan birth cohort. J. Hum. Hypertens. https:// 
doi. org/ 10. 1038/ s41371- 019- 0178-y (2019).

 43. Lule, S. A. et al. A genome-wide association and replication study of blood pressure in Ugandan early adolescents. Mol. Genet. 
Genom. Med. 7, e00950. https:// doi. org/ 10. 1002/ mgg3. 950 (2019).

 44. Lule, S. A. Investigating the Impact of Early-Life, Life-Course and Genetic Factors on Blood Pressure Among Young Africans. PhD 
(research paper style) thesis, London School of Hygiene & Tropical Medicine (2019). Accesed 20 May 2020.

 45. Webb, E. L. et al. Effect of single-dose anthelmintic treatment during pregnancy on an infant’s response to immunisation and on 
susceptibility to infectious diseases in infancy: A randomised, double-blind, placebo-controlled trial. Lancet 377, 52–62. https:// 
doi. org/ 10. 1016/ S0140- 6736(10) 61457-2 (2011).

 46. Muhangi, L. et al. Associations between mild-to-moderate anaemia in pregnancy and helminth, malaria and HIV infection in 
Entebbe, Uganda. Trans. R. Soc. Trop. Med. Hyg. 101, 899–907. https:// doi. org/ 10. 1016/j. trstmh. 2007. 03. 017 (2007).

 47. Ndibazza, J. et al. Effects of deworming during pregnancy on maternal and perinatal outcomes in Entebbe, Uganda: A randomized 
controlled trial. Clin. Infect. Dis. 50, 531–540. https:// doi. org/ 10. 1086/ 649924 (2010).

 48. Cutland, C. L. et al. Low birth weight: Case definition & guidelines for data collection, analysis, and presentation of maternal 
immunization safety data. Vaccine 35, 6492–6500. https:// doi. org/ 10. 1016/j. vacci ne. 2017. 01. 049 (2017).

 49. Victora, C. G., Fuchs, S. C., Flores, J. A., Fonseca, W. & Kirkwood, B. Risk factors for pneumonia among children in a Brazilian 
metropolitan area. Pediatrics 93, 977–985 (1994).

Acknowledgements
The authors thank the EMaBS study team and paticipants as well as their parents/guardians. We also thank the 
study staff at the MRC/UVRI Uganda Research Unit, staff at Entebbe Hospital, and community field workers in 
the Entebbe municipality and Katabi sub-county.

Author contributions
S.A.L., A.M.E., E.L.W. prepared the research protocol and were involved in study design. S.A.L., C.Z., M.N., F.A., 
P.B., J.T., G.O. generated the data. S.A.L., H.A., L.L. were involved in data management. J.P.R.K., S.A.L. performed 
the data analysis. J.P.R.K., S.A.L., E.L.W., J.B. wrote the manuscript. All authors reviewed the final manuscript.

Funding
This work was supported by the Wellcome Trust, UK, senior fellowships for A.M.E. [grant numbers 064693, 
079110, 95778] with additional support from the UK Medical Research Council and UK Department for Inter-
national Development (DfID) under the MRC/DfID concordat. S.A.L was supported through a PhD funding at 
the LSHTM by the Commonwealth Scholarship Commission. S.A.L. was also supported by Pan-African Network 

https://doi.org/10.1016/j.clnu.2004.08.004
https://doi.org/10.1177/1740774506075248
https://doi.org/10.1093/ije/dyy118
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.1590/s0066-782x2009000600006
https://doi.org/10.1590/s0066-782x2009000600006
https://doi.org/10.1186/s12889-018-5196-0
https://doi.org/10.3109/03014460.2012.753109
https://doi.org/10.1001/jamapediatrics.2014.3216
https://doi.org/10.6065/apem.2013.18.1.1
https://doi.org/10.1016/j.jacl.2015.01.009
https://doi.org/10.1016/j.jacl.2015.01.009
https://doi.org/10.1086/315611
https://doi.org/10.1093/cid/ciz859
https://doi.org/10.1371/journal.pone.0054855
https://doi.org/10.3389/fimmu.2019.02398
https://doi.org/10.1016/j.atherosclerosis.2013.02.028
https://doi.org/10.1016/j.atherosclerosis.2013.02.028
https://doi.org/10.3945/ajcn.113.076505
https://doi.org/10.3945/jn.115.212662
https://doi.org/10.1016/j.pt.2014.02.004
https://doi.org/10.1371/journal.pntd.0005953
https://doi.org/10.1038/s41371-019-0178-y
https://doi.org/10.1038/s41371-019-0178-y
https://doi.org/10.1002/mgg3.950
https://doi.org/10.1016/S0140-6736(10)61457-2
https://doi.org/10.1016/S0140-6736(10)61457-2
https://doi.org/10.1016/j.trstmh.2007.03.017
https://doi.org/10.1086/649924
https://doi.org/10.1016/j.vaccine.2017.01.049


14

Vol:.(1234567890)

Scientific Reports |        (2021) 11:16503  | https://doi.org/10.1038/s41598-021-96035-x

www.nature.com/scientificreports/

on Emerging and Re-Emerging Infections (PANDORA-ID-NET – https:// www.pandora-id.net/) funded by 
the European and Developing Countries Clinical Trials Partnership under the EU Horizon 2020 Framework 
Programme for Research and Innovation. E.L.W. and J.B. were supported by the UK Medical Research Council 
and UK Department for International Development (DfID) under the MRC/DfID concordat [grant number 
MR/K012126/1].

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 96035-x.

Correspondence and requests for materials should be addressed to J.P.R.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-96035-x
https://doi.org/10.1038/s41598-021-96035-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The determinants of lipid profiles in early adolescence in a Ugandan birth cohort
	Results
	Participant characteristics. 
	Factors affecting LDL levels. 
	Factors affecting HDL levels. 
	Factors affecting total cholesterol levels. 
	Factors affecting triglyceride levels. 

	Discussion
	Methods
	The EMaBS study. 
	Conceptual framework. 
	Data management. 
	Sample size. 
	Statistical analysis. 

	References
	Acknowledgements


