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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background. Coronary heart disease (CHD) remains a 

leading cause of morbidity and mortality worldwide, and 
dyslipidaemia is one of its most important modifiable drivers. 
Lipoprotein lipase (LPL) is the rate-limiting enzyme for the 
intravascular hydrolysis of triglyceride-rich lipoproteins, and 
common polymorphisms in the LPL gene on chromosome 
8p22, Ser447Ter (rs328), HindIII (rs320) and PvuII (rs285), 
have been variably linked to circulating lipid levels and CHD 
susceptibility, with results that differ across populations.

Aim. To determine the distribution of the Ser447Ter, HindIII 
and PvuII LPL polymorphisms in patients with CHD compared 
with healthy controls, and to examine the relationship between 
each polymorphism and the lipid profile after adjustment for 
adiposity and other cardiovascular risk factors.

Methods. A cross-sectional case–control study was conducted 
in 100 patients with established CHD (angiographically 
documented coronary stenosis ≥ 50%, prior myocardial 
infarction, or prior coronary revascularisation) and 50 
apparently healthy, age- and sex-matched controls. Fasting 
venous blood was collected after a minimum 12-hour fast; 
serum lipid parameters were measured by standard enzymatic 
colorimetric methods, and LDL-C was calculated using the 
Friedewald equation when triglycerides were below 400 mg/dL 
and measured directly otherwise. Genomic DNA was extracted 
using the DNeasy Blood & Tissue Kit (Qiagen, Cat. No. 69504). 
Genotyping was performed by PCR-RFLP, with NlaIII, HindIII 
and PvuII used to digest the Ser447Ter, HindIII and PvuII 
amplicons, respectively. Because expected cell counts were 
below five, genotype distributions were compared using Fisher's 
exact test. Between-group lipid comparisons used the Mann–
Whitney U test and were repeated as analysis of covariance 
adjusted for BMI, age and sex. Genotype lipid relationships 
within the patient group were examined by multivariable linear 
regression adjusted for BMI, age, sex, diabetes, hypertension 
and smoking. Analyses were performed in IBM SPSS Statistics 
v26.

Results. Patients and controls did not differ in total cholesterol 
(median 166.5 vs 165.5 mg/dL, p = 0.485) or triglycerides 

(123.0 vs 129.0 mg/dL, p = 0.624). HDL-C was markedly lower 
in patients (39.0 vs 62.0 mg/dL, p < 0.001) and LDL-C, ApoA-I 
and ApoB-100 were higher (all p < 0.001); these differences 
persisted after adjustment for BMI, age and sex. Variant alleles 
were detected in 5%, 11% and 12% of patients and in 0%, 0% 
and 4% of controls at Ser447Ter, HindIII and PvuII respectively. 
On Fisher's exact testing only HindIII was associated with 
CHD status (p = 0.016); Ser447Ter (p = 0.170) and PvuII (p = 
0.143) were not, and all odds ratio confidence intervals included 
unity. Within the patient group, HindIII variant carriage was 
independently associated with higher total cholesterol (adjusted 
β = +57.3 mg/dL, 95% CI 25.7 to 88.9, p < 0.001) and LDL-C 
(adjusted β = +62.1 mg/dL, 95% CI 35.1 to 89.2, p < 0.001) 
after adjustment for BMI, age, sex, diabetes, hypertension and 
smoking. No independent association was found for Ser447Ter 
or PvuII.

Conclusion. Of the three loci examined, only HindIII showed 
a relationship with the lipid profile that was independent of 
adiposity and conventional risk factors, and the association 
ran through total and LDL cholesterol rather than through 
triglycerides and HDL-C. Ser447Ter and PvuII showed no 
independent association. Because variant alleles were not 
detected in any control at two of the three loci, which is not 
consistent with published regional allele frequencies, the 
case–control genotype comparison is presented as hypothesis 
generating and requires confirmation with sequencing verified 
genotyping in a larger cohort.

Key words. Coronary heart disease, lipoprotein lipase, LPL, 
Ser447Ter, HindIII, PvuII, Lipid profile, polymorphism, PCR-
RFLP.
Introduction.

Coronary heart disease (CHD) remains the leading cause of 
mortality globally, accounting for an estimated 9.1 million 
deaths in 2021 [1,2]. Atherosclerosis, its underlying pathological 
substrate, develops over decades through the interplay of genetic 
predisposition, metabolic dysregulation and environmental 
exposure. Among modifiable determinants of atherosclerotic 
risk, abnormalities of lipid and lipoprotein metabolism occupy 
a central mechanistic role, with elevated total cholesterol (TC), 
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triglycerides (TG) and low-density lipoprotein cholesterol 
(LDL-C), together with reduced high-density lipoprotein 
cholesterol (HDL-C), forming the classical atherogenic lipid 
profile [3-5].

Beyond environmental and metabolic determinants, genetic 
variation in lipid-regulating enzymes contributes meaningfully 
to inter-individual variability in plasma lipids and, consequently, 
to CHD susceptibility. Lipoprotein lipase (LPL; EC 3.1.1.34) 
is the rate-limiting enzyme for the intravascular hydrolysis of 
triglycerides carried in chylomicrons and very-low-density 
lipoproteins (VLDL), generating free fatty acids for tissue 
uptake and contributing to the maturation of HDL particles 
[6-9]. LPL therefore operates at the intersection of the pro-
atherogenic (apoB-containing VLDL/LDL) [10,11] and anti-
atherogenic (HDL) branches of lipoprotein metabolism: reduced 
LPL activity drives hypertriglyceridaemia, accumulation of 
remnant lipoproteins and a more atherogenic lipid phenotype 
[12], whereas genetically enhanced LPL-mediated lipolysis 
has been associated with lower coronary disease risk in large 
Mendelian-randomization analyses [13].

The human LPL gene maps to chromosome 8p21.3, spans 
approximately 30 kb, and contains 10 exons interrupted by 9 
introns; its product is a 448-amino-acid mature protein [6,7]. 
More than a hundred sequence variants have been described 
[14,15], but three polymorphisms detectable by restriction 
fragment length polymorphism (RFLP) have attracted sustained 
interest because of their high allele frequencies and reproducible 
associations with lipid traits and CHD:

The Ser447Ter (also referred to as S447X; rs328) 
polymorphism is a C→G transversion in exon 9 that introduces 
a premature stop codon and truncates the mature protein by 
two amino acids. The truncated enzyme is generally associated 
with enhanced lipolytic activity, lower plasma TG and higher 
HDL-C, and several meta-analyses have reported a protective 
effect against coronary artery disease, although findings are not 
uniform across populations [13,16].

The HindIII polymorphism (rs320) is a T→G substitution 
located in intron 8. The H+ allele has been linked in some cohorts 
to elevated TG and reduced HDL-C [17,18], while cumulative 
meta-analyses report either protective or risk-conferring effects 
depending on ethnicity and the genetic model tested [16,19]. 
Although intronic, HindIII may serve as a marker for functional 
variants in linkage disequilibrium across the LPL gene block [20].

The PvuII polymorphism (rs285) lies in intron 6 and, although 
it does not alter protein structure, has been variably reported to 
modify CHD risk in different populations, again most plausibly 
through linkage disequilibrium with regulatory variants [16,20].

Despite an extensive global literature, the data for these three 
polymorphisms remain heterogeneous. Studies in Caucasian, 
East Asian, Saudi, Iranian and Turkish cohorts have variously 
reported significant, weak, or absent associations with both 
lipid parameters and CHD outcomes, reflecting differences in 
allele frequency, sample size, case definition and underlying 
environmental exposures [16-19,21,22]. There is a continuing 
need for population-specific data, particularly from regions 
where epidemiological transitions are driving rapid increases 
in CHD incidence [23] and where pharmacogenetic and risk-
stratification frameworks remain underdeveloped.

The present investigation was therefore designed to (i) 
determine the distribution of the Ser447Ter, HindIII and PvuII 
LPL polymorphisms in patients with CHD and matched controls; 
(ii) characterize the lipid profile across genotype categories; and 
(iii) quantify the association of each polymorphism with the 
lipid profile and with CHD susceptibility using models adjusted 
for adiposity and conventional cardiovascular risk factors. The 
same participants have been examined in a companion analysis 
of apolipoprotein A-I and apolipoprotein B-100 concentrations; 
the two analyses address different outcomes in the same cohort 
and neither duplicates the other.
Materials and Methods.
Study design and setting:

This was a cross-sectional case–control study conducted 
at Sudan Heart Centre, Khartoum, Sudan. The protocol was 
reviewed and approved by the Central Institutional Review 
Board of Al Neelain University, Sudan (approval date 1 
March 2015. All subjects enrolled in this study were Sudanese 
residents with similar dietary patterns. Key demographic data 
were recorded including age, gender, weight and height, and the 
study was conducted in accordance with the principles of the 
Declaration of Helsinki. Written informed consent was obtained 
from every participant prior to enrolment. The study is reported 
in accordance with the STREGA extension of the STROBE 
statement for genetic association studies.
Participants:

A total of 150 individuals were enrolled: 100 patients with 
established CHD and 50 apparently healthy controls.

Cases: Adult patients of either sex with established CHD, 
defined as: a history of acute myocardial infarction; documented 
coronary artery stenosis ≥ 50% on coronary angiography; 
or prior coronary revascularisation (percutaneous coronary 
intervention or coronary artery bypass grafting). Patients were 
consecutively recruited from the cardiology service. Eligible 
patients were aged 25–74 years.

Controls: Apparently healthy adults with no clinical, 
electrocardiographic or laboratory evidence of cardiovascular 
disease, age- and sex-matched to the case group, recruited from 
outpatient clinics and the surrounding community. Controls 
were recruited separately from the general Sudanese population 
and were not drawn from the Sudan Heart Centre patient pool. 
They were adult volunteers with no personal history of coronary 
artery disease, confirmed at enrolment using a Medical History 
and Symptom Questionnaire. Controls were selected to reflect 
the age and sex distribution of the CHD group at group level, 
giving an approximate 2:1 case-to-control design; individual 
one-to-one matching was not performed. Controls were not 
screened on lipid values, and no lipid-based exclusion was 
applied.

Exclusion criteria (applied to both groups): Secondary 
dyslipidaemia attributable to thyroid, renal or hepatic disease; 
acute infectious or inflammatory illness; pregnancy; malignancy; 
women receiving hormonal therapy; patients receiving cancer 
therapy; and inability to provide informed consent.

A structured interviewer-administered questionnaire was used 
to record demographic data, anthropometric measurements 
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(height, weight, body mass index BMI), smoking status, 
history of hypertension and diabetes mellitus, family history of 
premature CHD, and current medications. Body mass index was 
classified using World Health Organization categories as normal (< 
25 kg/m²), overweight (25.0–29.9 kg/m²) and obese (≥ 30 kg/m²).
Sample collection and lipid profiling:

After a minimum 12-hour overnight fast, 10 mL of venous 
blood was collected from each participant. The sample was 
divided between an EDTA tube (for DNA extraction) and a 
plain tube (for serum biochemistry). Serum was separated by 
centrifugation at 3,000 rpm for 10 minutes within one hour 
of collection, aliquoted, and stored at −80 °C until analysis. 
Total cholesterol (TC), triglycerides (TG) and high-density 
lipoprotein cholesterol (HDL-C) were measured by standard 
enzymatic colorimetric methods on an automated clinical 
chemistry analyser , using commercial reagents according to the 
manufacturer's instructions. Low-density lipoprotein cholesterol 
(LDL-C) was calculated using the Friedewald equation [25] 
when TG values were < 400 mg/dL; in the two patients whose 
triglycerides exceeded this threshold, LDL-C was measured 
directly. Serum apolipoprotein A-I and apolipoprotein B-100 
concentrations were determined by immunoturbidimetry using 
standardised commercial kits. Internal quality-control material 
was run with each batch, and the laboratory participated in an 
external quality-assurance programme throughout the study 
period.
DNA extraction:

Genomic DNA was extracted from peripheral blood 
leukocytes using the DNeasy Blood & Tissue Kit (Qiagen, 
Hilden, Germany; Cat. No. 69504) in accordance with the 
manufacturer's protocol. DNA purity and concentration were 
assessed spectrophotometrically (A260/A280 ratio in the range 
1.7–1.9), and DNA integrity was verified on a 1% agarose gel. 
Extracted DNA was stored at −20 °C until genotyping.
Genotyping by PCR-RFLP:

Genotyping of the three LPL polymorphisms was performed 
by polymerase chain reaction–restriction fragment length 
polymorphism (PCR-RFLP) using primer sequences and 
reaction conditions adapted from previously validated protocols 
[17,18,20].

Ser447Ter (rs328). A fragment encompassing exon 9 was 
amplified using forward primer 5′-TAC ACT AGC AAT GTC 
TAG GTG A-3′ and reverse primer 5′-TCA GCT TTA GCC 
CAG AAT GC-3′. The PCR product was digested overnight 
at 37 °C with the restriction endonuclease NlaIII ([insert 
supplier]), generating distinguishable fragment patterns for 
the homozygous wild-type (G/G), heterozygous (G/C) and 
homozygous variant (C/C) genotypes.

HindIII (rs320). A fragment encompassing the intron 8 region 
was amplified using forward primer (H1) 5′-TGA AGC TCA 
AAT GGA AGA GT-3′ and reverse primer (H2) 5′-TAC AAG 
CAA ATG ACT AAA-3′. The amplicon was digested overnight 
at 37 °C with HindIII (Promega Corporation, Madison, 
WI, USA), yielding the H+ (restriction-site present) and H− 
(restriction-site absent) alleles, and producing distinguishable 
patterns for the H+H+, H+H− and H−H− genotypes.

PvuII (rs285). A fragment encompassing the intron 6 region 
was amplified using forward primer (P1) 5′-ATG GCA CCC 
ATG TGT AAG GTG-3′ and reverse primer (P2) 5′-GTG AAC 
TTC TGA TAA CAA TCT C-3′. The amplicon was digested 
overnight at 37 °C with PvuII (Promega Corporation, Madison, 
WI, USA), yielding the P+ (restriction-site present) and P− 
(restriction-site absent) alleles, with corresponding P−P−, P−P+ 
and P+P+ patterns.

Each 25 µL PCR reaction contained 3 µL of genomic DNA 
(150 ng), 12.5 µL of 5× FIREPol® Master Mix (Solis BioDyne, 
Tartu, Estonia), 2 µL of each primer and distilled water to final 
volume. Thermal cycling consisted of an initial denaturation at 
94 °C for 2 minutes; 40 cycles of 94 °C for 15 s, annealing at 
50 °C for 30 s and extension at 72 °C for 1 minute; and a final 
extension at 72 °C for 2 minutes. Restriction digestion reactions 
(20 µL final volume) contained 10 µL of PCR product, 1 µL of 
the appropriate restriction enzyme and 2 µL of the corresponding 
10× buffer, made up to volume with distilled water; reactions 
were briefly centrifuged (2 minutes at 3,913 × g) and incubated 
at 37 °C overnight. Digestion products were resolved on 2.5% 
agarose gels at 80 V for 60 minutes, stained, and visualised 
under ultraviolet trans-illumination. These conditions are those 
used for the companion analysis of the same samples [39] and 
supersede the PCR and electrophoresis conditions given in the 
original submission, which were transcribed in error. Negative 
(no-template) and previously genotyped positive controls were 
included in every run, and approximately 10% of samples were 
re-genotyped to confirm reproducibility; concordance was 
100%. Restriction-fragment sizes for each genotype call were 
not recorded at the time of genotyping and cannot be reported 
[author to supply if gel records survive].
Genotyping quality control and its limitations:

Repeat genotyping used the same PCR-RFLP assay, so it 
establishes reproducibility but not accuracy: a systematically 
incomplete restriction digestion would be reproduced rather 
than detected, because undigested product is scored as the 
homozygous common-allele genotype. No independent method 
such as Sanger sequencing was used to verify genotype calls, 
and heterozygote positive controls were not run on every 
digestion gel. The implications of this for the observed allele 
frequencies are considered in the Limitations.
Statistical analysis:

Continuous variables were tested for normality using the 
Shapiro–Wilk test. Because total cholesterol, triglycerides, 
HDL-C, LDL-C, ApoA-I, ApoB-100, BMI and age were all non-
normally distributed in at least one group, continuous data are 
presented as median with interquartile range and compared using 
the Mann–Whitney U test; means with standard deviations are 
also given to allow comparison with earlier reports. Categorical 
variables were summarised as frequencies and percentages and 
compared using the Pearson chi-square test or Fisher's exact test 
where any expected cell count was below five.

Genotype and allele frequencies were calculated by direct 
counting. Conformity to Hardy–Weinberg equilibrium was 
assessed in both groups using the exact test of Wigginton et al. 
[40] rather than the chi-square goodness-of-fit approximation, 
because several genotype cells contained small counts; the test 
is informative only where the group is polymorphic at that locus. 
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Because the minimum expected cell count was below five at 
all three loci, the association between each LPL polymorphism 
and CHD status was tested using Fisher's exact test rather than 
the Pearson chi-square. Odds ratios are reported with 95% 
confidence intervals; where no control participant carried a 
variant allele, a Haldane–Anscombe continuity correction of 0.5 
was applied to every cell, and the resulting estimate is identified 
as such. Relative risks were not estimated, because incidence 
cannot be derived from a case–control sample.

Between-group lipid comparisons were repeated as analysis of 
covariance with BMI, age and sex as covariates, and adjusted 
mean differences are reported with 95% confidence intervals. 
The relationship between genotype and the lipid profile 
within the patient group was examined by multivariable linear 
regression of total cholesterol and LDL-C on genotype (variant 
allele present versus absent), adjusted for BMI, age, sex, 
diabetes, hypertension and smoking; regression coefficients are 
reported with 95% confidence intervals. Comorbidity data were 
collected for the patient group only, so case–control models 
could be adjusted for BMI, age and sex alone. A logistic model 
of CHD status on genotype could not be fitted for Ser447Ter or 
HindIII because the absence of variant carriers among controls 
produces complete separation and the genotype coefficient 
does not converge; this is reported rather than worked around. 
The genotype–lipid analyses are unadjusted for multiple 
comparisons and are reported as exploratory. A two-tailed p 
value of less than 0.05 was considered statistically significant. 
All analyses were performed using IBM SPSS Statistics version 
26 (IBM Corp., Armonk, NY, USA).
Results.
Demographic and genetic characteristics:

One hundred patients with established CHD and 50 age- 
and sex-matched healthy controls were enrolled. The gender 
distribution was balanced between groups (54% male in patients 
vs 50% in controls). Most participants in both groups were older 
than 40 years (70% of patients and 76% of controls). Body mass 
index differed markedly between the groups: 68% of patients 
were obese (BMI ≥ 30 kg/m²) compared with 4% of controls, 
and 98% of patients were overweight or obese (BMI ≥ 25 kg/
m²) compared with 30% of controls (p < 0.001). We note that 
the figures of 98% and 30% reported in the original submission 
corresponded to the overweight-or-obese category and were 
incorrectly labelled as obesity; the corrected classification is 
given in Table 1.

Variant alleles were detected in 5% of patients at Ser447Ter 
(all heterozygous G/C, with no C/C homozygotes), in 11% at 
HindIII (H+H− 8%; H−H− 3%) and in 12% at PvuII (P−P+ 
9%; P+P+ 3%). No control participant carried a variant allele 
at Ser447Ter or HindIII. At PvuII, two controls (4%) were 
heterozygous (P−P+); the original submission reported the 
control PvuII distribution as entirely wild-type, which was a 
transcription error, and the corrected counts are given in Table 
1. The control PvuII genotype distribution was consistent with 
Hardy–Weinberg equilibrium (χ² = 0.021, df = 1, p = 0.885, 
minor allele frequency 0.020). Hardy–Weinberg equilibrium 
could not be tested at Ser447Ter or HindIII because the control 
group was monomorphic at both loci.

Clinical characteristics and lipid profile:
Clinical and biochemical profiles are summarised in Table 

2. Age was comparable between groups (median 49.0 vs 49.5 
years, p = 0.538), while BMI was substantially higher in patients 
(median 32.5 vs 24.1 kg/m², p < 0.001).

Among the conventional lipid parameters, neither total 
cholesterol (median 166.5 vs 165.5 mg/dL, p = 0.485) nor 
triglycerides (123.0 vs 129.0 mg/dL, p = 0.624) differed 
significantly between groups. HDL-C was markedly lower in 
patients (39.0 vs 62.0 mg/dL, p < 0.001) and LDL-C was higher 
(104.0 vs 80.0 mg/dL, p < 0.001). Both apolipoproteins were 
higher in patients: ApoA-I 140.0 vs 115.0 mg/dL (p < 0.001) 
and ApoB-100 118.0 vs 81.5 mg/dL (p < 0.001). Triglyceride 
values in the patient group were strongly right-skewed, with 
two patients exceeding 1,000 mg/dL, which is why median-
based comparison is reported in preference to the mean.

Because obesity was far more prevalent among patients, the 
lipid comparisons were repeated with adjustment for BMI, 
age and sex (Table 3). The differences in HDL-C, LDL-C, 
ApoA-I and ApoB-100 all persisted after adjustment and were, 
if anything, larger; total cholesterol and triglycerides remained 
non-significant. Adiposity therefore does not account for the 
lipid differences observed between the two groups.
Lipid profile across LPL genotype strata and adjusted 
genotype–lipid analysis:

Mean lipid values stratified by genotype within the CHD 
patient group are shown in Table 4, together with multivariable 
regression coefficients adjusted for BMI, age, sex, diabetes, 
hypertension and smoking.

Ser447Ter. The five G/C heterozygotes had higher mean TC 
(212.6 vs 175.9 mg/dL) and LDL-C (140.6 vs 107.0 mg/dL) 
than the 95 G/G carriers. Neither difference reached significance 
after adjustment (TC adjusted β = +40.0 mg/dL, 95% CI −6.4 
to +86.3, p = 0.090; LDL-C adjusted β = +37.4 mg/dL, 95% CI 
−3.7 to +78.5, p = 0.074). With only five carriers these estimates 
are imprecise and are reported descriptively.

HindIII. Non-H+H+ carriers (n = 11) had substantially 
higher mean TC (220.0 vs 172.5 mg/dL) and LDL-C (156.8 
vs 102.7 mg/dL) than H+H+ carriers (n = 89). These were the 
only genotype–lipid relationships that survived multivariable 
adjustment: TC adjusted β = +57.3 mg/dL (95% CI +25.7 to 
+88.9, p < 0.001) and LDL-C adjusted β = +62.1 mg/dL (95% 
CI +35.1 to +89.2, p < 0.001). Adjustment for BMI and the other 
covariates increased rather than attenuated both coefficients 
(unadjusted β = +47.5 and +54.1 mg/dL respectively), indicating 
that the association is not a consequence of the greater adiposity 
of the patient group. No relationship was observed with TG or 
HDL-C.

PvuII. Non-P−P− carriers (n = 12) had mean TC and LDL-C 
values close to those of P−P− carriers (183.6 vs 176.9 and 112.2 
vs 108.2 mg/dL). Neither association approached significance 
after adjustment (TC adjusted β = +12.8 mg/dL, 95% CI −18.7 
to +44.4, p = 0.421; LDL-C adjusted β = +4.1 mg/dL, 95% CI 
−24.0 to +32.2, p = 0.773).
Association between LPL genotype and CHD status:

Genotype distributions were compared between patients 
and controls using Fisher's exact test, because the minimum 
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expected cell count was below five at all three loci (Table 5).
HindIII was the only locus associated with CHD status 

(11% versus 0% carriers, p = 0.016). Ser447Ter (5% versus 
0%, p = 0.170) and PvuII (12% versus 4%, p = 0.143) were 
not significantly associated. Odds ratios were 12.98, 5.82 and 
3.27 respectively, and every confidence interval included unity, 
so none of the three loci can be said to show a statistically 
significant elevation in odds. The Ser447Ter and HindIII odds 
ratios required a continuity correction because no control carried 
a variant allele, and both are correspondingly imprecise, with 
intervals spanning more than two orders of magnitude.

Two features of these data require explicit statement. First, 
the significance levels differ from those reported in the original 
submission, which were based on Pearson chi-square statistics 
that could not be reproduced from the genotype counts and on a 
control PvuII distribution that has since been corrected. Second, 
the absence of variant carriers among controls at two loci means 
that the corresponding effect estimates rest on a structural zero 
and cannot be adjusted for confounders, since a logistic model 
containing these terms does not converge. These results are 
therefore presented as descriptive and hypothesis-generating 
rather than as risk estimates. Relative risks, which were reported 

in the original submission, have been removed, as incidence is 
not estimable from a case–control sample.
Hardy–Weinberg equilibrium:

Exact testing for deviation from Hardy–Weinberg equilibrium 
was performed separately in each group (Table 6). Among 
patients, Ser447Ter was in equilibrium (p = 1.000), whereas 
HindIII (p = 0.005) and PvuII (p = 0.009) both deviated 
significantly. In each case the deviation took the same form: 
fewer heterozygotes and more variant homozygotes than 
expected from the observed allele frequency. At HindIII, 8 
heterozygotes and 3 variant homozygotes were observed where 
13.0 and 0.5 would be expected; at PvuII, 9 and 3 were observed 
where 13.9 and 0.6 would be expected. Among controls, the 
PvuII distribution was in equilibrium (p = 1.000), and the 
remaining two loci were monomorphic and could not be tested.

A heterozygote deficit accompanied by an excess of variant 
homozygotes at two independent loci, in the same direction 
and in the same samples, is the pattern expected when a 
restriction digest does not run to completion and a proportion 
of heterozygous gels are scored as one or other homozygote. 
It is also compatible with population stratification or with 
sampling variation in small cells. These possibilities cannot be 

Characteristic Category CHD n CHD % Control n Control %

Gender Male 54 54.0 25 50.0
Female 46 46.0 25 50.0

Age group < 40 years 30 30.0 12 24.0
≥ 40 years 70 70.0 38 76.0

BMI category
Normal (< 25 kg/m²) 2 2.0 35 70.0
Overweight (25.0–29.9 kg/m²) 30 30.0 13 26.0
Obese (≥ 30 kg/m²) 68 68.0 2 4.0

Ser447Ter
GG (wild-type) 95 95.0 50 100.0
GC (heterozygote) 5 5.0 0 0.0
CC (homozygote) 0 0.0 0 0.0

HindIII
H+H+ (wild-type) 89 89.0 50 100.0
H+H− (heterozygote) 8 8.0 0 0.0
H−H− (homozygote) 3 3.0 0 0.0

PvuII
P−P− (wild-type) 88 88.0 48 96.0
P−P+ (heterozygote) 9 9.0 2 4.0
P+P+ (homozygote) 3 3.0 0 0.0

Table 1. Demographic and genetic characteristics of CHD patients and controls.

CHD: coronary heart disease; BMI: body mass index; LPL: lipoprotein lipase. BMI categories follow World Health Organization definitions. 
Control PvuII counts and the BMI classification are corrected from the original submission.

Parameter CHD patients (n = 100) Controls (n = 50) p value* Mean ± SD, CHD / control
Age (years) 49.0 [37.8–65.0] 49.5 [40.0–58.8] 0.538 51.8 ± 16.8 / 48.8 ± 13.1
BMI (kg/m²) 32.5 [29.3–37.4] 24.1 [23.2–25.1] < 0.001 34.2 ± 6.6 / 24.5 ± 2.4
TC (mg/dL) 166.5 [147.5–198.8] 165.5 [158.0–177.0] 0.485 177.7 ± 49.2 / 167.1 ± 13.6
TG (mg/dL) 123.0 [93.8–162.8] 129.0 [117.2–141.8] 0.624 151.5 ± 153.5 / 127.8 ± 16.4
HDL-C (mg/dL) 39.0 [34.0–46.2] 62.0 [58.0–65.8] < 0.001 42.1 ± 15.0 / 61.7 ± 7.0
LDL-C (mg/dL) 104.0 [85.0–128.0] 80.0 [71.2–90.0] < 0.001 108.6 ± 42.9 / 79.2 ± 12.5
ApoA-I (mg/dL) 140.0 [124.8–164.5] 115.0 [98.5–143.2] < 0.001 144.0 ± 37.5 / 120.9 ± 30.5
ApoB-100 (mg/dL) 118.0 [82.8–149.0] 81.5 [65.0–98.5] < 0.001 121.1 ± 45.0 / 87.5 ± 30.4

Table 2. Clinical characteristics and lipid profile of CHD patients versus controls.

Data are median [interquartile range]. TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density 
lipoprotein cholesterol; ApoA-I: apolipoprotein A-I; ApoB-100: apolipoprotein B-100. *Mann–Whitney U test, used because the Shapiro–Wilk test 
indicated non-normality for every variable in at least one group. Mean ± SD values are given in the final column for comparability with earlier 
reports and were recomputed from the primary dataset.



117

Parameter Unadjusted difference (CHD − control) Adjusted difference (95% CI)* Adjusted p
TC (mg/dL) +10.65 +11.40 (−7.01 to +29.81) 0.223
TG (mg/dL) +23.72 +32.08 (−23.99 to +88.16) 0.260
HDL-C (mg/dL) −19.62 −23.94 (−29.60 to −18.27) < 0.001
LDL-C (mg/dL) +29.40 +30.71 (+14.56 to +46.86) < 0.001
ApoA-I (mg/dL) +23.12 +27.73 (+12.46 to +43.00) 0.001
ApoB-100 (mg/dL) +33.61 +43.41 (+25.38 to +61.44) < 0.001

Table 3. Lipid and apolipoprotein differences between groups before and after adjustment for BMI, age and sex.

*Analysis of covariance with BMI, age and sex as covariates. A positive value indicates a higher mean in the CHD group.

Polymorphism Genotype TC TG HDL-C LDL-C Adjusted β (95% CI), p*
Ser447Ter GG (n = 95) 175.9 ± 48.5 152.9 ± 157.2 41.8 ± 15.1 107.0 ± 42.4 TC +40.0 (−6.4 to +86.3), p = 0.090

GC (n = 5) 212.6 ± 54.5 124.2 ± 40.0 47.2 ± 10.4 140.6 ± 42.8 LDL-C +37.4 (−3.7 to +78.5), p = 0.074
HindIII H+H+ (n = 89) 172.5 ± 48.0 152.1 ± 162.2 42.5 ± 15.5 102.7 ± 39.8 TC +57.3 (+25.7 to +88.9), p < 0.001

Non-H+H+ (n = 11) 220.0 ± 37.4 146.8 ± 40.6 38.7 ± 8.9 156.8 ± 37.1 LDL-C +62.1 (+35.1 to +89.2), p < 0.001
PvuII P−P− (n = 88) 176.9 ± 50.6 153.1 ± 162.6 42.4 ± 15.7 108.2 ± 43.2 TC +12.8 (−18.7 to +44.4), p = 0.421

Non-P−P− (n = 12) 183.6 ± 38.0 139.5 ± 52.6 39.6 ± 7.0 112.2 ± 41.9 LDL-C +4.1 (−24.0 to +32.2), p = 0.773

Table 4. Lipid profile by LPL genotype within CHD patients, and adjusted regression coefficients.

Lipid values are mean ± SD in mg/dL. Non-H+H+ combines H+H− and H−H−; Non-P−P− combines P−P+ and P+P+. *Multivariable linear 
regression within the 100 CHD patients, with variant allele carriage as the predictor and BMI, age, sex, diabetes, hypertension and smoking as 
covariates. β is the adjusted mean difference in mg/dL for variant carriers relative to wild-type carriers. The point-biserial correlations reported 
in the original submission have been replaced by these adjusted coefficients in response to peer review.

Polymorphism CHD carriers n (%) Control carriers n (%) Fisher's exact p Odds ratio (95% CI)
Ser447Ter (rs328) 5 (5.0) 0 (0.0) 0.170 5.82 (0.32–107.33)†
HindIII (rs320) 11 (11.0) 0 (0.0) 0.016 12.98 (0.75–224.90)†
PvuII (rs285) 12 (12.0) 2 (4.0) 0.143 3.27 (0.70–15.23)

Table 5. Association between LPL polymorphisms and CHD status.

Carriers are participants with at least one variant allele (heterozygote plus homozygote). †Odds ratio calculated after a Haldane–Anscombe 
continuity correction of 0.5 per cell, applied because no control participant carried a variant allele at this locus. All confidence intervals include 
unity. Relative risks are not reported, as incidence is not estimable from a case–control design.

Polymorphism Group Observed (wild / het / variant hom) Expected under HWE Exact p Interpretation

Ser447Ter CHD 95 / 5 / 0 95.1 / 4.8 / 0.1 1.000 In equilibrium
Control 50 / 0 / 0 — — Monomorphic, not testable

HindIII CHD 89 / 8 / 3 86.5 / 13.0 / 0.5 0.005 Heterozygote deficit
Control 50 / 0 / 0 — — Monomorphic, not testable

PvuII CHD 88 / 9 / 3 85.6 / 13.9 / 0.6 0.009 Heterozygote deficit
Control 48 / 2 / 0 48.0 / 2.0 / 0.0 1.000 In equilibrium

Table 6. Exact test for Hardy–Weinberg equilibrium by group.

Exact test of Wigginton et al. [40]. Expected counts are derived from the observed allele frequency within each group.

separated with the present data and are considered further in the 
Limitations.
Discussion.

In this case–control study of 100 Sudanese patients with 
angiographically or clinically established CHD and 50 
healthy controls, one of the three LPL loci examined showed 
a relationship with the lipid profile that was independent of 
adiposity and conventional cardiovascular risk factors. Carriage 
of a non-H+H+ HindIII genotype was associated with a mean 
increase of 57 mg/dL in total cholesterol and 62 mg/dL in LDL-C 
after adjustment for BMI, age, sex, diabetes, hypertension and 
smoking, and HindIII was also the only locus whose genotype 
distribution differed between patients and controls. Neither 
Ser447Ter nor PvuII showed an independent association with 
either the lipid profile or CHD status. The lipid phenotype of 

the patient group was characterised by low HDL-C and raised 
LDL-C, ApoA-I and ApoB-100, with no difference in total 
cholesterol or triglycerides, and these differences persisted after 
adjustment for BMI.

These findings sit against a literature that is itself markedly 
heterogeneous. The largest pooled analysis to date, a HuGE 
review of 89 studies in more than 70,000 subjects, found that 
carriers of the minor HindIII and Ser447Ter alleles tended to have 
a more favourable lipid profile than common-allele homozygotes 
[27], and a later cumulative meta-analysis similarly classed 
both Ser447Ter and HindIII as protective for CAD, with only 
D9N conferring risk and PvuII showing no association [28]. A 
meta-analysis focused specifically on Ser447Ter estimated an 
approximately 22% reduction in CAD risk per copy of the minor 
allele [29], and the case–control studies from Denmark and the 
USA that established the directionality now widely used in the 
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field found the common HindIII(+) allele and H+H+ genotype, 
not the minor allele, associated with lower HDL-C, higher 
triglycerides and a modestly elevated risk of angiographic CAD 
[30,31]. Our PvuII result, a null association, is consistent with 
this literature. Our HindIII result is not: it was carriage of the 
minor allele that tracked with higher total and LDL cholesterol, 
broadly the reverse of the pattern reported in much of the 
foundational literature. This is not without precedent: a case–
control study from Shiraz, Iran, similarly found the Ser447Ter 
minor allele over-represented among CHD cases rather than 
controls [32].

The comparisons that bear most directly on the present cohort 
come from the same region. Two independent Saudi Arabian 
case–control studies, together comprising 346 CHD patients and 
175 controls, found no significant association between any of the 
three LPL loci examined here and CAD [33,34], and an earlier 
Saudi study using the same HindIII and PvuII assays reached 
the same conclusion [35]. The only previous Sudanese study of 
LPL and CHD, which examined the D9N, N291S and S447X 
variants, also found no significant association between LPL 
genotype and CHD, and reported that patients had significantly 
lower TC and LDL-C than controls [36]. The S447X carrier 
frequency in that cohort (7.1%) was close to the 5% observed 
here, suggesting that the Ser447Ter allele frequency in Sudan 
is not markedly unusual. By contrast, an angiographic cohort 
from Tunisia found a HindIII genotype significantly associated 
with coronary stenosis severity, but mediated through elevated 
triglycerides and reduced HDL-C rather than through TC or 
LDL-C [37]. Even within North African and Arab populations, 
therefore, the polymorphism–lipid relationship is not consistent 
in direction or in the lipid fraction affected.

Mechanistically, LPL hydrolyses the triglyceride core of 
chylomicrons and VLDL, and most functional accounts of these 
polymorphisms emphasise downstream effects on triglycerides 
and HDL-C [30,31]. Our HindIII signal instead appeared in total 
and LDL cholesterol, with no relationship to TG or HDL-C. 
One plausible explanation is that reduced LPL-mediated 
clearance of triglyceride-rich remnants increases delivery of 
cholesterol-enriched remnant particles to the LDL pool, so 
that in a cohort where triglycerides themselves did not differ 
between groups, a genotype effect would surface first in the 
cholesterol-carrying fractions [4,25]. Because rs320 is intronic 
and does not alter the protein sequence, any functional effect 
is most plausibly mediated through linkage disequilibrium with 
regulatory variants elsewhere in the LPL block [20], and we did 
not measure LPL mass or activity, so this interpretation remains 
inferential.

The reviewer of an earlier version of this manuscript raised 
the possibility that the genotype–lipid associations were driven 
by adiposity rather than by genotype, and this deserves a direct 
answer. Obesity was indeed far more common among patients 
(68% versus 4%). However, the HindIII association with 
total and LDL cholesterol was examined within the patient 
group, where BMI was included as a covariate alongside age, 
sex, diabetes, hypertension and smoking, and the adjusted 
coefficients were larger than the unadjusted ones. Adiposity 
therefore does not explain this association. The same applies 
to the case–control lipid differences, which persisted essentially 

unchanged after adjustment for BMI, age and sex. What 
adiposity cannot be excluded from is the case–control genotype 
comparison, because the structural zero at two loci prevents a 
confounder-adjusted model from being fitted at all.

A further observation bears on the reliability of the genotype 
data. Both HindIII and PvuII deviated from Hardy–Weinberg 
equilibrium among patients, in each case through a deficit of 
heterozygotes and an excess of variant homozygotes. The same 
pattern at two independent intronic loci in the same samples 
is difficult to explain biologically, since these loci are not in 
linkage disequilibrium with each other in a way that would 
produce identical departures, and it is the pattern that incomplete 
restriction digestion would generate. Read together with the 
absence of variant alleles among controls at two loci, it points 
toward an assay problem rather than a population characteristic.
Strengths and Limitations.

The principal strengths of this study are the assessment of 
three LPL loci in the same cohort, the use of angiographic or 
event-based case definitions rather than symptom-based ones, 
the availability of apolipoprotein measurements alongside 
the standard lipid panel, and the use of multivariable models 
that adjust the genotype–lipid relationship for adiposity and 
conventional risk factors.

The limitations are substantial. The most important concerns 
the control genotype data. No control participant carried a 
variant allele at Ser447Ter or HindIII. Using control genotype 
frequencies reported for regional populations in the studies 
cited above, the probability of observing zero carriers among 
50 controls at HindIII is of the order of 10⁻¹⁵ [17,33,35], and 
the observed carrier frequency in the patient group (11%) is 
also well below the 50 to 58% reported in those studies. The 
PvuII minor allele frequency in our controls (0.020) is likewise 
far below published values. Taken together, these observations 
suggest systematic under-detection of variant alleles rather than 
a genuine population difference, most plausibly incomplete 
restriction digestion scored as the homozygous common-allele 
genotype. Because repeat genotyping used the same assay, 
it would not have detected such an error. The case–control 
genotype comparison in Table 5 must therefore be regarded as 
unreliable, and confirmation by Sanger sequencing in a future 
study is required before these frequencies are used elsewhere. 
The within-patient genotype–lipid analysis is less affected, 
since under-detection of heterozygotes would misclassify some 
carriers as wild-type and would bias the estimated coefficients 
toward the null rather than away from it.

Second, the study was underpowered for genetic association. 
To detect an allelic odds ratio of 1.5 at HindIII would require 
approximately 200 to 320 participants per group depending on 
the assumed allele frequency, and at Ser447Ter more than 1,000 
per group; the present sample is a fraction of this. Third, the 
dispersion of the control lipid values is narrower than would 
be expected in an unselected adult population, particularly for 
triglycerides (coefficient of variation 12.8%, against roughly 
40% in unselected adults). Controls were not screened on lipid 
values, so restriction of range by selection does not account 
for this, and we are unable to offer a satisfactory explanation; 
the case–control lipid comparisons should be read with that 
reservation. Fourth, comorbidity data were available for the 
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patient group only, so case–control models could be adjusted 
for BMI, age and sex alone. Fifth, lipid-lowering therapy was 
recorded but was not incorporated into the lipid analyses, which 
will have attenuated the case–control cholesterol differences. 
Sixth, the genotype–lipid analyses were not corrected for 
multiple comparisons and should be treated as exploratory. 
Finally, LPL mass and activity were not measured, and the 
design is cross-sectional, so no temporal or causal inference is 
possible.
Conclusion.

In this Sudanese cohort, carriage of a non-H+H+ HindIII 
genotype was independently associated with higher total and 
LDL cholesterol among patients with coronary heart disease, 
and the association was not explained by adiposity, age, sex, 
diabetes, hypertension or smoking. Neither Ser447Ter nor PvuII 
showed an independent association with the lipid profile, and 
on exact testing only HindIII differed in genotype distribution 
between patients and controls. The case–control genotype 
comparison rests on a control group in which variant alleles were 
not detected at two of the three loci, which is not consistent with 
published regional allele frequencies and most likely reflects 
incomplete restriction digestion; those findings are therefore 
reported as hypothesis-generating. The lipid phenotype of this 
cohort, low HDL-C with raised LDL-C and ApoB-100 and no 
difference in total cholesterol or triglycerides, was independent 
of body mass index. Confirmation of the HindIII finding 
requires a larger, adequately powered cohort with sequencing-
verified genotyping, direct measurement of LDL-C and remnant 
cholesterol, and adjustment for lipid-lowering therapy.
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