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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: Interindividual variation in lipid and lipoprotein 

profiles is linked to polymorphisms in the gene encoding 
lipoprotein lipase (LPL), an enzyme central to lipoprotein 
metabolism. However, the relationship between common 
LPL variants and circulating apolipoprotein A-I (apoA-I) and 
apolipoprotein B-100 (apoB-100) concentrations in coronary 
heart disease (CHD) remains incompletely characterized. This 
study examined the Ser447Ter (rs328), HindIII (rs320), and 
PvuII (rs285) LPL polymorphisms in relation to apoA-I and 
apoB-100 concentrations among Sudanese patients with CHD 
and Sudanese controls without a history of coronary artery 
disease.

Methods: A cross-sectional genetic association study enrolled 
100 patients with angiographically verified CHD from the Sudan 
Heart Centre, Khartoum, Sudan, and 50 Sudanese controls 
recruited separately from the general population, without a 
personal history of coronary artery disease as confirmed by a 
Medical History and Symptom Questionnaire, and broadly 
matched to cases by age and sex in an approximate 2:1 case-
to-control design. Genotyping was performed by PCR-RFLP. 
Serum apoA-I and apoB-100 concentrations were determined 
by immunoturbidimetry. Inter-genotype differences in 
apolipoprotein concentrations among CHD cases were assessed 
by one-way ANOVA (HindIII, PvuII) or independent-samples 
t-test (Ser447Ter); Cohen's d effect sizes and point-biserial 
correlations were also calculated. Because several genotype 
cells contained zero or very small counts, genotype-frequency 
comparisons between cases and controls, and tests of Hardy-

Weinberg equilibrium (HWE), were performed using exact 
methods rather than chi-squared approximations.

Results: CHD patients (54% male; mean age 51.7 ± 16.7 years) 
had significantly higher body mass index, apoA-I, and apoB-
100 concentrations than controls (all p<0.001). Among CHD 
cases, inter-genotype differences in apoA-I and apoB-100 were 
not statistically significant for any of the three polymorphisms 
(all p>0.05), although HindIII H+H− heterozygotes showed 
numerically higher concentrations of both apolipoproteins 
than H+H+ homozygotes, corresponding to moderate effect 
sizes (apoA-I d=0.55; apoB-100 d=0.58). All three loci were 
monomorphic (0% variant carriers) among the 50 controls. 
Using Fisher's exact test, variant carriage was more frequent 
among cases than controls for HindIII (11% vs. 0%, p=0.016) 
and PvuII (12% vs. 0%, p=0.009) but not for Ser447Ter (5% 
vs. 0%, p=0.17); odds ratios calculated with the Haldane-
Anscombe correction for zero-cell counts were imprecise, 
with wide confidence intervals. Exact tests for deviation from 
HWE among cases indicated significant deviation for HindIII 
(p=0.005) and PvuII (p=0.009) but not Ser447Ter (p=1.00).

Conclusions: In this exploratory, underpowered Sudanese 
cohort, LPL genotype was not significantly associated with 
apoA-I or apoB-100 concentrations, although a moderate, 
hypothesis-generating effect was observed for the HindIII 
polymorphism among heterozygous carriers. Variant carriage of 
HindIII and PvuII was more frequent among CHD cases than 
controls, but the zero-cell counts in controls, the imprecise odds 
ratio estimates, and the significant HWE deviation observed for 
these two loci among cases warrant cautious interpretation and 
independent replication.
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Introduction.

Coronary heart disease (CHD) remains the leading cause of 
mortality globally, accounting for an estimated 9.1 million 
deaths in 2021 [1]. Atherosclerosis, its pathological substrate, 
develops through a complex interplay of genetic predisposition, 
metabolic dysregulation, and environmental exposure. Among 
the modifiable determinants of atherosclerotic risk, disturbances 
in lipoprotein metabolism occupy a central mechanistic role [2].

Two apolipoproteins are particularly relevant to cardiovascular 
risk stratification. Apolipoprotein A-I (apoA-I) is the principal 
structural protein of high-density lipoprotein (HDL) particles 
and facilitates reverse cholesterol transport, associated with 
an anti-atherogenic lipid profile [3]. Apolipoprotein B-100 
(apoB-100), conversely, is the obligatory structural component 
of very low-density lipoprotein (VLDL), intermediate-density 
lipoprotein (IDL), and low-density lipoprotein (LDL) particles, 
and its plasma concentration reflects the total burden of 
circulating atherogenic lipoprotein particles [4]. Apolipoprotein 
concentrations, particularly the apoB-100/apoA-I ratio have 
been reported to provide cardiovascular risk information beyond 
that captured by conventional lipid profiles, and their genetic 
determinants remain an active area of investigation [5].

Lipoprotein lipase (LPL) plays a key role in lipoprotein 
metabolism and is primarily expressed by cardiomyocytes, 
skeletal muscle, and adipose tissue. Located on the luminal 
surface of capillary endothelial cells, LPL hydrolyzes 
triglycerides in VLDL and chylomicrons, generating surface 
remnants that contribute to HDL formation and releasing 
free fatty acids for tissue uptake [6]. Through this enzymatic 
activity, LPL is positioned to influence both the pro-atherogenic 
(apoB-100/VLDL-LDL) and anti-atherogenic (apoA-I/HDL) 
branches of lipoprotein metabolism. The LPL gene, located on 
chromosome 8p21.3 and spanning approximately 30 kilobases 
across ten exons, encodes a 448-amino-acid protein [7].

Three common LPL polymorphisms have attracted particular 
research attention. The Ser447Ter variant (rs328) results from a 
C→G transversion in exon 9, introducing a premature stop codon 
and truncating the LPL protein by two amino acids; this variant 
has been associated with increased LPL activity and a more 
favourable lipid profile in some populations, though findings 
are not uniform [8]. The HindIII polymorphism (rs320), located 
in intron 8, is non-coding but may influence mRNA stability 
or serve as a marker for functional variation elsewhere in the 
gene [9]. The PvuII polymorphism (rs285), residing in intron 6, 
has been inconsistently associated with lipid parameters across 
populations [10].

Previous studies have investigated these polymorphisms 
primarily in relation to conventional lipid measures triglycerides 
and HDL cholesterol with fewer systematic evaluations 
of their relationship to apolipoprotein concentrations 
directly. This distinction is relevant because apolipoprotein 
concentrations reflect the number of circulating lipoprotein 
particles rather than the amount of lipid carried per particle, so 
genetic variation could plausibly affect these two dimensions 

differently. The present study was therefore designed to 
examine the relationships between serum apoA-I and apoB-
100 concentrations and the Ser447Ter, HindIII, and PvuII 
polymorphisms in Sudanese patients with established CHD, and 
to compare genotype frequencies between these patients and 
Sudanese controls without a history of coronary artery disease. 
To provide a thorough characterization of these relationships 
given the anticipated rarity of some genotype categories, both 
conventional hypothesis testing and complementary effect-size 
and exact-test methods were used [11-15].
Materials and Methods.
Study Design and Participants:

A cross-sectional genetic association study was conducted at 
Sudan Heart Centre, Khartoum, Sudan. One hundred patients 
with established CHD, defined by a acute myocardial infarction, 
angiographically documented coronary artery stenosis ≥50%, or 
prior coronary revascularisation, were consecutively enrolled. 
Eligible patients were aged 25–74 years; individuals older than 
74 years were excluded. Patients with a history of myocardial 
infarction, dyslipidaemia, diabetes, or smoking were included 
where these were clinically present, but these characteristics 
were not applied as independent inclusion requirements for 
every participant. Additional exclusion criteria were: secondary 
dyslipidaemia attributable to thyroid, renal, or hepatic disease; 
acute infectious or inflammatory illness; pregnancy; women 
receiving hormonal therapy; patients receiving cancer therapy; 
and inability to provide informed consent.

Fifty control participants were recruited separately from the 
general Sudanese population and were not drawn from the 
Sudan Heart Centre patient pool. Controls were Sudanese adults 
volunteers with no personal history of coronary artery disease, 
confirmed at enrolment using a Medical History and Symptom 
Questionnaire. Controls were selected to broadly reflect the age 
and sex distribution of the CHD group, yielding an approximate 
2:1 case to control design with age- and sex-based matching; 
individual one-to-one matching was not performed.

The study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Central Institutional 
Review Board of Al Neelain University, Sudan (approval date: 
1 March 2015). Written informed consent was obtained from all 
participants, both cases and controls.
Clinical and Biochemical Assessment:

Ten-millilitre blood samples were collected in the morning 
after a minimum 12-hour fast from all participants. Serum was 
separated by centrifugation at 3,000 rpm for 10 minutes and 
stored at −80°C until analysis. Serum apoA-I and apoB-100 
concentrations were determined by immunoturbidimetry using 
standardised commercial kits.
DNA Extraction and Genotyping:

Genomic DNA was extracted from peripheral blood leukocytes 
using the DNeasy Blood & Tissue Kit (50 preparations; 
Qiagen; Cat. No./ID 69504). Genotyping of the three LPL 
polymorphisms was performed by polymerase chain reaction–
restriction fragment length polymorphism (PCR-RFLP) as 
follows.
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Ser447Ter (rs328): 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′. PCR 
products were digested with NlaIII restriction endonuclease.

HindIII (rs320): 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′), followed by digestion with HindIII restriction endonuclease 
(Promega Corporation), yielding H+ and H− alleles.

PvuII (rs285): 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′), followed by digestion with PvuII restriction endonuclease 
(Promega Corporation), yielding P+ and P− alleles.

Primer sequences for all three polymorphisms were selected 
based on previously published protocols cited in this manuscript.

Each 25 µL PCR reaction contained 3 µL genomic DNA (150 
ng), 12.5 µL 5× FIREPol® Master Mix (Solis BioDyne), 2 µL of 
each primer, and distilled water to final volume. Amplification 
conditions were: initial denaturation at 94°C for 2 minutes; 40 
cycles of denaturation at 94°C for 15 seconds, annealing at 50°C 
for 30 seconds, and extension at 72°C for 1 minute; followed by 
a final extension at 72°C for 2 minutes.

Restriction digestion reactions (20 µL final volume) contained 
10 µL 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 by electrophoresis on 2.5% agarose gel 
at 80 V for 60 minutes, stained, and visualised under UV light.
Statistical Analysis:

Genotype frequencies were tabulated separately for CHD 
cases and controls. Deviation from Hardy-Weinberg equilibrium 
(HWE) was assessed among CHD cases using an exact test 
(Wigginton et al., 2005) rather than the chi-squared goodness-
of-fit approximation, because several genotype categories 
contained small counts for which the chi-squared approximation 
is unreliable. HWE testing was not performed in controls 
because all three loci were monomorphic (0% variant carriers) 
in this group, which precludes a meaningful test of genotypic 
proportions.

Inter-genotype differences in apolipoprotein concentrations 
among CHD cases were assessed by one-way ANOVA for 
polymorphisms with three observed genotype groups (HindIII, 
PvuII) and by an independent-samples t-test for Ser447Ter, for 
which only two genotype groups (GG, GC) were observed. 
Cohen's d effect sizes were calculated for prespecified pairwise 
genotype comparisons, with thresholds of 0.2, 0.5, and 0.8 
conventionally denoting small, medium, and large effects 
respectively (11), reflecting the limited power of null-hypothesis 
testing in small variant-genotype groups. Ninety five percent 
confidence intervals for Cohen's were calculated using standard 
large-sample approximations. Point-biserial correlation 
coefficients (rpb) were calculated between dichotomised 
genotype status (variant allele present vs. absent) and continuous 
apolipoprotein concentrations; this dichotomisation assumes 
an additive, monotonic genotype effect and may not capture 
heterozygote-specific patterns.

Genotype frequency differences between CHD cases and 
controls were compared using Fisher's exact test rather than the 
chi-squared test, because the control group contained zero-count 
cells for every variant genotype, violating the expected cell 
count assumptions of the chi-squared approximation. Because 
conventional odds ratios are undefined when a cell count is 
zero, odds ratios and 95% confidence intervals for case-control 
genotype comparisons were calculated using the Haldane-
Anscombe correction (addition of 0.5 to each cell of the 2×2 
table); these corrected estimates are inherently imprecise and 
should be interpreted as approximate.

A priori power calculations indicated that 64 participants 
per genotype group would be required to detect a medium 
effect size (Cohen's d = 0.5) with 80% power at α = 0.05; this 
threshold was not reached for any variant genotype group in 
the present study. SPSS version 26 (IBM Corp., Armonk, NY, 
USA) was used for descriptive statistics, ANOVA, t-tests, and 
standard cross-tabulations. Effect sizes, the exact HWE test, and 
the exact case-control genotype comparisons were computed 
using the methods described above. Statistical significance was 
defined as p < 0.05 throughout.
Results.
Demographic and Clinical Characteristics:

The demographic and genetic characteristics of the study 
population are summarised in Table 1. Eligible CHD patients 
were aged 25–74 years; individuals older than 74 years were 
excluded. The sex distribution was comparable between the 
100 CHD patients and 50 controls, with males comprising 
54% of patients and 50% of controls. Age distribution did not 
differ significantly between groups, with 70% of patients and 
76% of controls aged over 40 years. Body mass index (BMI) 
was markedly higher among patients, with obesity present in 
98% of CHD patients compared with 30% of controls. This 
cross-sectional comparison indicates a strong association 
between adiposity and CHD status in this cohort; it does not, 
by itself, establish causality or an independent effect, since no 
multivariable adjustment for potential confounders (including 
BMI, medication use, and metabolic comorbidities) was 
performed in this study.
Clinical Characteristics of CHD Patients and Controls:

The clinical characteristics of CHD patients and controls are 
presented in Table 2. Mean age was slightly higher in the CHD 
group (51.7 ± 16.7 years) than in controls (48.8 ± 13.1 years), 
although this difference was not statistically significant (p = 
0.275). BMI was significantly higher in CHD patients (34.2 ± 
6.6) than controls (24.4 ± 2.4; p < 0.001). CHD patients also had 
significantly higher mean apoA-I (143.98 ± 37.49 mg/dL vs. 
120.86 ± 30.49 mg/dL) and apoB-100 concentrations (121.09 
± 45.0 mg/dL vs. 87.48 ± 30.36 mg/dL) than controls (both 
p < 0.001). As a cross-sectional comparison, these findings 
describe an association between CHD status and apolipoprotein 
concentrations rather than a causal relationship.
Genotype Distribution and Apolipoprotein Concentrations 
Among CHD Cases:

Table 3 summarises apoA-I and apoB-100 concentrations 
by genotype among the 100 CHD cases. For Ser447Ter, most 
patients (95%) carried the GG genotype and 5% carried the GC 
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Participant Characteristic Category CHD 
(n=100) Count

CHD 
(n=100) %

Controls 
(n=50) Count

Controls 
(n=50) %

Sex Male 54 54% 25 50%
Female 46 46% 25 50%

Age group <40 years 30 30% 12 24%
>40 years 70 70% 38 76%

BMI status Normal 2 2% 35 70%
Obese 98 98% 15 30%

Ser447Ter Normal (GG) 95 95% 50 100%
Heterozygote (GC) 5 5% 0 0%
Homozygote variant (CC) 0 0% 0 0%

HindIII Normal (H+H+) 89 89% 50 100%
Heterozygote (H+H−) 8 8% 0 0%
Homozygote variant (H−H−) 3 3% 0 0%

PvuII Normal (P−P−) 88 88% 50 100%
Heterozygote (P−P+) 9 9% 0 0%
Homozygote variant (P+P+) 3 3% 0 0%

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

Characteristic CHD Mean CHD SD Controls Mean Controls SD p-value
Age (years) 51.7 16.7 48.8 13.1 0.275
BMI (kg/m²) 34.2 6.6 24.4 2.4 <0.001
ApoA-I (mg/dL) 143.98 37.49 120.86 30.49 <0.001
ApoB-100 (mg/dL) 121.09 45.0 87.48 30.36 <0.001

Table 2. Clinical characteristics of CHD patients and controls (independent-samples t-test). p<0.05 considered statistically significant.

LPL Polymorphism Genotype n ApoA-I Mean ± SD (mg/dL) ApoB-100 Mean ± SD (mg/dL)

Ser447Ter
GC 5 113.4 ± 71.6 159.0 ± 47.1
GG 95 143.2 ± 37.1 121.6 ± 43.7
p-value (independent t-test) — 0.361 0.646

HindIII

H+H+ 89 142.2 ± 38.2 118.0 ± 46.1
H+H− 8 162.8 ± 29.9 144.1 ± 33.1
H−H− 3 147.0 ± 26.1 129.3 ± 22.4
p-value (one-way ANOVA) — 0.332 0.298

PvuII

P−P− 88 144.7 ± 38.1 119.9 ± 46.1
P−P+ 9 142.9 ± 38.1 137.8 ± 37.7
P+P+ 3 126.0 ± 20.1 105.0 ± 20.3
p-value (one-way ANOVA) — 0.698 0.436

Table 3. Relationship between LPL polymorphisms and serum apolipoprotein concentrations among CHD patients (n=100).

P-values were determined using independent-samples t-tests (Ser447Ter, two genotype groups) or one-way ANOVA (HindIII and PvuII, three 
genotype groups). A p-value <0.05 was considered statistically significant.

LPL Polymorphism Genotype Comparison ApoA-I Cohen's d (95% CI) ApoB-100 Cohen's d (95% CI) Interpretation

Ser447Ter GG vs. GC 0.76 (−0.14, 1.67) −0.85 (−1.76, 0.05) Unstable; n=5 comparison 
group

HindIII H+H− vs. H+H+ 0.55 (−0.18, 1.27) 0.58 (−0.15, 1.30) Moderate point estimate; 
CI crosses 0

PvuII P−P+ vs. P−P− −0.05 (−0.73, 0.64) 0.39 (−0.29, 1.08) Negligible to small; CI 
crosses 0

Table 4. Effect-size analysis (Cohen's d with 95% confidence intervals) for inter-genotype apolipoprotein comparisons among CHD cases.
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Characteristic CHD (%) Controls (%) Statistical Test Test Value p-value Odds Ratio (95% CI) Interpretation
Sex (Male/Female) 54% 50% Chi-squared 0.32 0.571 1.17 (0.67–2.06) No difference
Age (<40/>40 years) 70% 76% Chi-squared 0.91 0.340 0.73 (0.39–1.37) No difference
BMI (Normal/Obese) 98% 30% Chi-squared 98.24 <0.001 114.3 (25–512) Very strong association
Ser447Ter (variant carrier) 5% 0% Fisher's exact — 0.170 5.82 (0.32–107.32)* No significant association

HindIII (variant carrier) 11% 0% Fisher's exact — 0.016 12.98 (0.75–224.88)* Evidence of association; 
imprecise estimate

PvuII (variant carrier) 12% 0% Fisher's exact — 0.009 14.27 (0.83–246.07)* Evidence of association; 
imprecise estimate

Table 6. Statistical comparison of CHD patients vs. controls.

*Odds ratios for LPL polymorphisms were calculated using the Haldane-Anscombe correction (0.5 added to each cell) because the control group 
had zero variant carriers, making the conventional odds ratio undefined; these corrected estimates are imprecise and should not be interpreted as 
precise risk quantification.

LPL Polymorphism Apolipoprotein r p-value

Ser447Ter
ApoA-I −0.013 0.899
ApoB-100 0.032 0.754

HindIII ApoA-I 0.068 0.503
ApoB-100 0.079 0.436

PvuII ApoA-I 0.004 0.970
ApoB-100 0.026 0.799

Table 5. Point-biserial correlation between LPL genotype presence (variant vs. absent) and apolipoprotein concentrations among CHD cases.

genotype; no CC homozygotes were observed. Mean apoA-I 
was numerically higher in GG carriers (143.2 ± 37.1 mg/dL) 
than GC carriers (113.4 ± 71.6 mg/dL), while apoB-100 was 
numerically higher in GC carriers (159.0 ± 47.1 mg/dL) than 
GG carriers (121.6 ± 43.7 mg/dL). Neither difference reached 
statistical significance (apoA-I p=0.361; apoB-100 p=0.646). 
Given the very small GC subgroup (n=5), these estimates are 
imprecise and should be interpreted with caution.

For HindIII, three genotype groups were observed: H+H+ 
(89%), H+H− (8%), and H−H− (3%). H+H− heterozygotes 
showed the numerically highest mean concentrations of both 
apoA-I (162.8 ± 29.9 mg/dL) and apoB-100 (144.1 ± 33.1 mg/
dL), compared with H+H+ (apoA-I 142.2 ± 38.2; apoB-100 
118.0 ± 46.1 mg/dL) and H−H− (apoA-I 147.0 ± 26.1; apoB-
100 129.3 ± 22.4 mg/dL). One-way ANOVA did not identify 
statistically significant differences between genotypes for either 
apolipoprotein (apoA-I p=0.332; apoB-100 p=0.298).

For PvuII, genotype distribution was P−P− (88%), P−P+ (9%), 
and P+P+ (3%). ApoA-I concentrations were similar between 
P−P− (144.7 ± 38.1 mg/dL) and P−P+ carriers (142.9 ± 38.1 
mg/dL), with P+P+ homozygotes showing the lowest values 
(126.0 ± 20.1 mg/dL). ApoB-100 was numerically highest in 
P−P+ heterozygotes (137.8 ± 37.7 mg/dL), followed by P−
P− (119.9 ± 46.1 mg/dL) and P+P+ (105.0 ± 20.3 mg/dL). 
These differences did not reach statistical significance (apoA-I 
p=0.698; apoB-100 p=0.436).
Effect Size Analysis:

Cohen's d effect sizes, calculated directly from the means, 
standard deviations, and sample sizes in Table 3, are presented 
in Table 4 (positive values indicate higher concentrations in the 
variant-carrying genotype). The HindIII comparison (H+H− 
vs. H+H+) showed moderate positive effects for both apoA-I 
(d=0.55, 95% CI −0.18 to 1.27) and apoB-100 (d=0.58, 95% CI 
−0.15 to 1.30); the wide confidence intervals, driven by the small 
H+H− subgroup (n=8), overlap zero, indicating that a null effect 
cannot be excluded despite the moderate point estimate. The 

Ser447Ter comparison (GG vs. GC) yielded recalculated effect 
sizes of d=0.76 (95% CI −0.14 to 1.67) for apoA-I and d=−0.85 
(95% CI −1.76 to 0.05) for apoB-100; both intervals are wide 
and cross zero, and the extremely small GC subgroup (n=5) 
makes this estimate highly unstable. The PvuII comparison (P−
P+ vs. P−P−) showed a negligible effect for apoA-I (d=−0.05, 
95% CI −0.73 to 0.64) and a small-to-moderate effect for apoB-
100 (d=0.39, 95% CI −0.29 to 1.08).

None of these effect-size estimates should be interpreted as 
evidence of a biologically or clinically meaningful association; 
all correspond to non-significant hypothesis tests (Table 3) and 
all 95% confidence intervals include zero. They are reported as 
descriptive, hypothesis-generating estimates only, consistent 
with the exploratory nature of this study.
Point-Biserial Correlation Analysis:

Results of the point-biserial correlation analysis (variant allele 
present vs. absent, dichotomised) are presented in Table 5. All 
correlation coefficients were weak (r range −0.013 to 0.079) 
and non-significant (all p>0.05). The largest coefficient was 
observed for HindIII and apoB-100 (r=0.079, p=0.436). These 
results indicate no linear relationship between the presence 
of a variant allele (in either heterozygous or homozygous 
form) and apolipoprotein concentrations when genotype is 
treated as a simple binary variable. This does not exclude 
a non-linear, heterozygote-dominant pattern of the kind 
suggested descriptively for HindIII in section 3.3: because 
dichotomisation of genotype as 'variant present vs. absent' 
combines heterozygotes and variant homozygotes into a single 
category, it assumes an additive and monotonic genotype effect, 
an assumption that this dataset does not clearly support (see 
section 4.4).
Genotype Frequency Comparison Between CHD Cases and 
Controls:

Statistical comparison between patients and controls is 
presented in Table 6. No significant differences were observed 
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for sex (χ²=0.32, p=0.571, OR=1.17, 95% CI 0.67–2.06) or age 
group (χ²=0.91, p=0.340, OR=0.73, 95% CI 0.39–1.37); these 
comparisons involved no zero-count cells and the standard 
chi-squared test and odds ratio are appropriate. BMI category 
showed a very strong association with CHD status (χ²=98.24, 
p<0.001, OR=114.3, 95% CI 25–512); as noted in section 3.1, 
this cross-sectional association does not by itself establish an 
independent or causal effect of obesity on CHD risk.

For the three LPL polymorphisms, all variant genotypes were 
absent among the 50 controls (0%), precluding valid use of the 
chi-squared test or a conventional odds ratio. Using Fisher's exact 
test, variant carriage (heterozygous or homozygous combined) 
was more frequent among CHD cases than controls for HindIII 
(11% vs. 0%, p=0.016) and PvuII (12% vs. 0%, p=0.009), 
while the difference for Ser447Ter did not reach statistical 
significance (5% vs. 0%, p=0.170). Odds ratios calculated with 
the Haldane-Anscombe correction were: Ser447Ter, OR=5.82 
(95% CI 0.32–107.32); HindIII, OR=12.98 (95% CI 0.75–
224.88); PvuII, OR=14.27 (95% CI 0.83–246.07). All three 
corrected confidence intervals are wide and cross 1, reflecting 
the imprecision inherent in comparing a genotype frequency to a 
zero-count reference group; the point estimates should therefore 
be interpreted only as evidence that variant carriage was more 
frequent among cases, not as precise measures of the magnitude 
of that association.
Hardy-Weinberg Equilibrium:

Exact tests for deviation from Hardy-Weinberg equilibrium 
(Wigginton et al., 2005), calculated from the genotype counts 
among CHD cases (Table 1), indicated no significant deviation 
for Ser447Ter (p=1.00), but significant deviation for HindIII 
(p=0.005) and PvuII (p=0.009). In both cases, the deviation 
reflected fewer heterozygotes and more variant homozygotes 
than expected under equilibrium given the observed allele 
frequency. HWE testing was not performed in controls, as 
all three loci were monomorphic in this group (0% variant 
carriers), leaving no genotypic variation to test. The significant 
HWE deviation for HindIII and PvuII among cases is discussed 
as a methodological caveat in section 4.7.
Discussion.

This study examined the relationships between serum apoA-I 
and apoB-100 concentrations and three LPL gene polymorphisms 
(Ser447Ter, HindIII, and PvuII) in a cohort of 100 Sudanese 
patients with established CHD and 50 Sudanese controls without 
a history of coronary artery disease. Among CHD cases, effect-
size analysis identified a numerically moderate pattern for the 
HindIII polymorphism, but conventional hypothesis testing did 
not reach statistical significance for any genotype-apolipoprotein 
comparison. Genotype-frequency comparisons between 
cases and controls, using methods appropriate for the sparse-
cell structure of this dataset, suggested more frequent variant 
carriage among cases for HindIII and PvuII. The interpretation 
of all these findings requires careful contextualisation given the 
limitations inherent to the study design.
HindIII Polymorphism: A Possible Heterozygote-Associated 
Pattern:

The HindIII polymorphism produced the most notable 

descriptive pattern in this study. H+H− heterozygotes had the 
numerically highest mean concentrations of both apoA-I and 
apoB-100, corresponding to a moderate point-estimate effect 
size (d≈0.55–0.58) relative to H+H+ homozygotes; however, 
the 95% confidence intervals for these estimates were wide 
and included zero, and the corresponding ANOVA comparisons 
were not statistically significant. This pattern is consistent 
with, but does not establish, a heterozygote-associated effect, 
in which carriers of a single variant allele show a different 
phenotype from either homozygote group. Such patterns, when 
genuine, can arise from allelic complementation, differential 
regulatory activity of the two alleles, or linkage with functional 
variants elsewhere in the HindIII haplotype block. Because the 
HindIII polymorphism itself lies in intron 8 and is not thought 
to be directly functional, it more plausibly serves as a marker 
for a functional variant in linkage disequilibrium with it, 
potentially affecting LPL expression, mRNA stability, or post-
translational regulation (9). Masana and colleagues previously 
reported an association between HindIII genotype and plasma 
triacylglycerol concentration in Spanish men with premature 
CHD, which is broadly consistent with a biological role for this 
locus (12), although that finding does not confirm the specific 
pattern observed here. Given the very small H+H− subgroup 
(n=8) in the present study, this finding should be regarded as 
hypothesis-generating rather than confirmatory.
Ser447Ter Polymorphism: An Unstable Estimate from a Very 
Small Subgroup:

The Ser447Ter comparison (GG vs. GC) yielded a moderate-
to-large recalculated effect size for both apoA-I (d≈0.76) and 
apoB-100 (d≈−0.85, i.e., higher apoB-100 in GC carriers), 
but with wide confidence intervals crossing zero and a non-
significant t-test for both outcomes. Because only 5 participants 
carried the GC genotype, and no CC homozygotes were 
observed, this comparison rests on an extremely small and 
potentially unstable subgroup; a single atypical value in this 
subgroup could substantially shift the estimated mean and SD. 
The broader literature on Ser447Ter has generally associated 
the Ter (minor) allele with increased LPL activity and a 
more favourable lipid profile (8), though findings vary across 
populations; the present dataset cannot meaningfully confirm 
or refute this relationship given its sample size. These findings 
should be considered exploratory and hypothesis-generating 
only, and we recommend that the underlying apoA-I/apoB-
100 values for the five GC carriers be re-verified prior to final 
publication (see the Revision Note in section 3.4).
PvuII Polymorphism: Limited Association:

The PvuII polymorphism showed a negligible effect size for 
apoA-I (d≈−0.05) and a small-to-moderate effect for apoB-
100 (d≈0.39), both with confidence intervals crossing zero, 
and near-zero point-biserial correlations. These findings 
are broadly consistent with the generally inconsistent and 
modest associations reported for this intronic variant in other 
populations (10). Gene-environment interactions for example, 
with physical activity or dietary fat intake — could plausibly 
modify PvuII effects, but this was not assessable within the 
present cross-sectional design (13).
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Reconciling Non-Significant Hypothesis Tests with Moderate 
Point-Estimate Effect Sizes:

A central methodological theme of this study is the coexistence 
of non-significant ANOVA/t-test results with moderate 
Cohen's d point estimates, most notably for HindIII. This is 
mathematically expected: a p-value reflects both the magnitude 
of an effect and the sample size available to detect it. With only 
8 H+H− and 3 H−H− carriers, and 5 Ser447Ter GC carriers, 
this study had limited power to detect even a true medium-sized 
effect a formal power calculation indicates that approximately 
64 participants per genotype group would be required for 
80% power at α=0.05. The non-significant hypothesis tests are 
therefore consistent with limited statistical power and do not, by 
themselves, demonstrate the absence of a true underlying effect; 
conversely, the moderate point estimates do not demonstrate 
the presence of one, given their wide confidence intervals. 
Reporting both statistics together, as done here, is intended to 
convey this uncertainty rather than to imply that a real effect has 
been established.

A related limitation concerns the point-biserial correlation 
used in section 3.5. By collapsing heterozygous and variant-
homozygous carriers into a single 'variant present' category, 
this analysis assumes an additive, monotonic relationship 
between allele dosage and apolipoprotein concentration an 
assumption that appears inconsistent with the non-monotonic 
(heterozygote-associated) pattern described descriptively for 
HindIII in section 3.3. This is a known limitation of point-
biserial correlation for detecting heterozygote-specific effects, 
and future studies with adequate sample sizes should instead 
use genotypic ANOVA, dominant/recessive model testing, or a 
formal test for heterozygote excess/deficiency.
Genotype Frequency Differences Between Cases and Controls:

All three LPL variant genotypes were entirely absent among 
the 50 controls. Using Fisher's exact test, appropriate for these 
small and zero-count cells, variant carriage was more frequent 
among CHD cases for HindIII (p=0.016) and PvuII (p=0.009), 
but not for Ser447Ter (p=0.170). It is important to note that 
the previously used chi-squared test and conventional odds 
ratio are not valid in the presence of zero-count cells, and 
produced overstated significance and biologically implausible 
point estimates (e.g., an apparent odds ratio in excess of 25) 
in the earlier version of this analysis. Even with the Haldane-
Anscombe correction applied, the resulting odds ratios (5.82–
14.27) carry very wide confidence intervals (all crossing 1), and 
should be interpreted only as suggesting that variant carriage 
was more common among cases, not as precise estimates of 
relative risk. Because no variant carriers were observed among 
controls, we also cannot exclude the possibility that this pattern 
partly reflects the relatively small control sample size (n=50) 
rather than a true absence of these variants in the broader 
Sudanese population without CHD; a larger control sample 
would be needed to estimate background variant frequency 
more precisely.
Deviation from Hardy-Weinberg Equilibrium:

Exact HWE testing among CHD cases indicated significant 
deviation from equilibrium for HindIII (p=0.005) and 
PvuII (p=0.009), reflecting fewer heterozygotes and more 

variant homozygotes than expected given the observed allele 
frequencies at these loci; Ser447Ter did not show significant 
deviation (p=1.00). Deviation from HWE in a case-only sample 
can arise from several distinct sources: genuine biological 
association between the variant and disease (if the variant itself, 
or a linked variant, contributes to CHD risk in a non-additive 
way), population stratification within the sample, small-sample 
sampling variation, or genotyping error (e.g., systematic 
misclassification of a subset of heterozygotes as homozygotes 
on the RFLP gel). This dataset alone cannot distinguish between 
these explanations. We recommend that genotyping quality-
control steps (e.g., a proportion of samples re-genotyped or 
confirmed by an independent method) be reported if available, 
and that this deviation be explicitly acknowledged as a limitation 
of the genetic association findings for HindIII and PvuII (see 
section 4.7).
Limitations.
•	 The low frequency of variant alleles produced genotype 

subgroups (particularly HindIII H−H−, n=3; PvuII P+P+, 
n=3; and Ser447Ter GC, n=5) too small for statistically 
reliable inference.

•	 The cross-sectional design precludes causal interpretation 
of any association reported, including the BMI–CHD and 
apolipoprotein–CHD comparisons.

•	 The study was conducted at a single centre (Sudan Heart 
Centre) for CHD cases, and controls were recruited separately 
from the general Sudanese population rather than from the 
same clinical setting, which may introduce differences in 
ascertainment between the two groups beyond age and sex.

•	 Controls were matched to cases by age and sex at an 
approximate 2:1 case-to-control ratio rather than by individual 
one-to-one matching; residual imbalance in unmeasured 
characteristics between groups cannot be excluded.

•	 All three LPL variant genotypes were entirely absent among 
the 50 controls, which limited case-control comparisons to 
exact methods with wide confidence intervals and prevented 
meaningful HWE testing in this group.

•	 HindIII and PvuII genotype distributions among cases showed 
statistically significant deviation from Hardy-Weinberg 
equilibrium, which may reflect biological association, 
population stratification, sampling variation, or genotyping 
error; this cannot be resolved with the present data (section 
4.6).

•	 No data on lipid-lowering medication use or other 
pharmacological treatment were available, limiting the 
ability to distinguish genetic effects from treatment-related 
influences on apolipoprotein concentrations.

•	 No multivariable-adjusted analysis was performed; 
consequently, BMI and other clinical differences between 
cases and controls should be regarded as potential confounders 
rather than as independently demonstrated effects.

•	 The overall statistical power of this study was limited for 
detecting the moderate effect sizes observed, particularly for 
the rare genotype comparisons.

•	 Restriction-fragment size data for RFLP genotype calls were 
not available for inclusion in this manuscript at the time of 
this revision (see section 2.3).
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Clinical and Research Implications.
Despite these limitations, this study applies a multi-method 

analytical framework combining conventional hypothesis 
testing, effect-size estimation, and exact methods appropriate for 
sparse genetic data — and identifies the HindIII polymorphism as 
a candidate for further investigation in relation to apolipoprotein 
metabolism in CHD. We emphasise that this study does not 
establish a clinically meaningful or biologically confirmed effect 
of any LPL polymorphism on apolipoprotein concentrations or 
CHD status. Future studies should enrol substantially larger and, 
ideally, multicentre and ethnically diverse cohorts; incorporate 
formal gene-environment interaction testing; adjust for relevant 
confounders (including BMI, medication use, and metabolic 
comorbidities) using multivariable models; and include 
genotyping quality-control measures capable of detecting the 
kind of HWE deviation observed here.
Conclusion.

This exploratory, cross-sectional study of Sudanese CHD 
patients and controls found no statistically significant association 
between LPL genotype (Ser447Ter, HindIII, or PvuII) and 
serum apoA-I or apoB-100 concentrations among CHD cases, 
although a moderate, imprecisely estimated effect was observed 
for the HindIII polymorphism in heterozygous carriers. Variant 
carriage of HindIII and PvuII, but not Ser447Ter, was more 
frequent among CHD cases than controls using exact statistical 
methods appropriate for the sparse genotype data; these 
estimates carried wide confidence intervals, and HindIII and 
PvuII also showed significant deviation from Hardy-Weinberg 
equilibrium among cases, a finding that warrants further scrutiny 
of genotyping quality and sample composition. Given the small 
variant-genotype subgroups and the study's limited statistical 
power, these findings should be regarded as hypothesis-
generating rather than confirmatory. Larger, adequately 
powered, multicentre studies in Sudanese and other populations 
are needed to determine whether LPL genetic variation makes a 
meaningful contribution to apolipoprotein metabolism or CHD 
risk in this population.
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