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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
Pvull (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 (HindIIl, Pvull) or independent-samples
t-test (Serd447Ter); 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-
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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 HindIIl 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 Pvull (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 Pvull (p=0.009) but not Serd447Ter (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 Pvull 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 Pvull 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
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differently. The present study was therefore designed to
examine the relationships between serum apoA-I and apoB-
100 concentrations and the Ser447Ter, HindIIl, and Pwvull
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.



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 Nlalll 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.

Pvull (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 TGATAA CAATCT
C-3"), followed by digestion with Pvull 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 puL PCR reaction contained 3 puL genomic DNA (150
ng), 12.5 uL 5% FIREPol® Master Mix (Solis BioDyne), 2 uL 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 uL final volume) contained
10 uL PCR product, 1 pL of the appropriate restriction enzyme,
and 2 uL of the corresponding 10x buffer, made up to volume
with distilled water. Reactions were briefly centrifuged (2
minutes at 3,913 x 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,
Pvull) 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.
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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 2x2
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 a. = 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



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

Participant Characteristic | Category CHD CHD Controls Controls
(n=100) Count  (n=100) % (n=50) Count (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%
Serd47Ter 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%
Pvull Normal (P-P-) 88 88% 50 100%
Heterozygote (P—P+) 9 9% 0 0%
Homozygote variant (P+P+) 3 3% 0 0%
Table 2. Clinical characteristics of CHD patients and controls (independent-samples t-test). p<0.05 considered statistically significant.
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/m?) 342 6.6 244 24 <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 3. Relationship between LPL polymorphisms and serum apolipoprotein concentrations among CHD patients (n=100).

LPL Polymorphism Genotype n ApoA-I Mean = SD (mg/dL) ApoB-100 Mean + SD (mg/dL)
GC 5 1134+71.6 159.0 £47.1
Serd47Ter GG 95 143.2 +37.1 121.6 +43.7
p-value (independent t-test) — 0.361 0.646
H+H+ 89 1422 +38.2 118.0 +£46.1
. H+H- 8 162.8 +29.9 144.1 £33.1
HindII H-H- 3 147.0 £ 26.1 129.3+22.4
p-value (one-way ANOVA) — 0.332 0.298
P-P- 88 144.7 + 38.1 119.9 £46.1
Pyull 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

P-values were determined using independent-samples t-tests (Serd447Ter, two genotype groups) or one-way ANOVA (Hindlll and Pvull, three
genotype groups). A p-value <0.05 was considered statistically significant.

Table 4. Effect-size analysis (Cohen's d with 95% confidence intervals) for inter-genotype apolipoprotein comparisons among CHD cases.

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) [gjrzit;ble; =3 comparison

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

Pyull PP+ vs. PP 005 (-0.73, 0.64) 0.39 (~0.29, 1.08) Negligible to small; CI
crosses 0
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Table 5. Point-biserial correlation between LPL genotype presence (variant vs. absent) and apolipoprotein concentrations among CHD cases.

LPL Polymorphism Apolipoprotein
Ser447Ter gzgi o0
HindIII iﬁggj o0
Pvull igzgjoo

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

Characteristic

Sex (Male/Female) 54% 50% Chi-squared
Age (<40/>40 years) 70% 76% Chi-squared
BMI (Normal/Obese) 98% 30% Chi-squared
Ser447Ter (variant carrier) 5% 0% Fisher's exact
HindlIII (variant carrier) 11% 0% Fisher's exact
Pvull (variant carrier) 12% 0% Fisher's exact

r p-value
—-0.013 0.899
0.032 0.754
0.068 0.503
0.079 0.436
0.004 0.970
0.026 0.799

CHD (%) Controls (%) |Statistical Test Test Value p-value Odds Ratio (95% CI) | Interpretation

0.32 0.571  1.17 (0.67-2.06) No difference

0.91 0.340 |0.73 (0.39-1.37) No difference

98.24 <0.001 [114.3 (25-512) Very strong association

— 0.170  5.82(0.32-107.32)* No significant association

- 0.016  12.98 (0.75-224.88)  Cvidence of association;
imprecise estimate

o 0.009 1427 (0.83-246.07)* Evidence of association;

imprecise estimate

*QOdds 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.

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 Pvull, 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 HindIIl comparison (H+H—
vs. HtH+) 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
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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 Pvull 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 HindIIl 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



for sex (¥>=0.32, p=0.571, OR=1.17, 95% CI 0.67-2.06) or age
group (¥*>=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 (3>=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 Pvull (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: Serd447Ter, OR=5.82
(95% CI 0.32-107.32); HindIll, OR=12.98 (95% CI 0.75-
224.88); Pvull, 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 Serd447Ter (p=1.00), but significant deviation for HindIII
(p=0.005) and Pvull (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 HindIIl and Pvull 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, HindIll, and Pvull) 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
notreach 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 HindIIl and Pvull. 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 HindIll polymorphism produced the most notable
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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 HindIIl 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).

Pvull Polymorphism: Limited Association:

The Pvull 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 Pvull effects, but this was not assessable within the
present cross-sectional design (13).



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 HindIIl. 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 Serd47Ter 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 0=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 Pvull (p=0.009),
but not for Serd47Ter (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 HindIll (p=0.005) and
Pvull (p=0.009), reflecting fewer heterozygotes and more
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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 Pvull (see
section 4.7).

Limitations.

* The low frequency of variant alleles produced genotype
subgroups (particularly HindIIl H-H—, n=3; Pvull 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.

» HindlIII and Pvull 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).



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, HindIll, or Pvull) 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 HindIIl and Pvull, 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
Pvull 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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