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ABSTRACT

GRAPHICAL ABSTRACT

Background: Most lipid-associated genetic variants were discovered in European-ancestry cohorts, and Arab

populations remain under-represented. Earlier Gulf studies reported low replication of these variants but did not

compare the observed replication with the replication expected from the statistical power of the smaller Arab

studies. We quantified how well European-ancestry lipid loci transfer to Qatari Arabs.

Methods: This cross-ancestry genetic association study used public summary statistics only. European-ancestry

index variants for low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),

triglycerides (TG) and total cholesterol (TC) were taken from the Global Lipids Genetics Consortium 2021 (n =

1,320,016). They were matched to the 2021 Qatar Biobank whole-genome sequencing genome-wide association

study (n = 5,972 to 6,017). For each trait we estimated directional concordance, nominal and Bonferroni

replication against power-based expectations, an inverse-variance-weighted effect-size slope, between-ancestry

heterogeneity and the variance explained by a European-weighted score. We fine-mapped overlapping genome-

wide significant Qatari loci with Wakefield approximate Bayes factors under a single-causal-variant assumption.

Reporting followed STREGA.

Results: Of 1,600 catalogued index variants, 1,087 variant-trait pairs were analysable. Directional concordance

ranged from 69.5% (LDL-C) to 75.1% (HDL-C), below the 77.3% to 80.2% expected under full transfer. Nominal

replication was lower than expected for LDL-C (29 vs 42.9; ratio 0.68), TG (23 vs 44.7; ratio 0.51) and TC (36 vs

47.6; ratio 0.76), whereas Bonferroni-significant replication matched expectation (5 to 7 variants per trait). Qatari

effects were attenuated relative to European effects for TC (slope 0.88, 95% CI 0.78–0.97), HDL-C (0.78, 0.68–

0.88) and TG (0.72, 0.64–0.81); for LDL-C the slope was 0.90 (0.80–1.00), with an interval that reached 1. The

European-weighted score explained 6.46% of LDL-C variance (relative to expectation 0.82, 95% CI 0.66–0.99),

5.63% of TC (0.77), 4.13% of TG (0.53) and 3.57% of HDL-C (0.60). Among 16 single-signal Qatari loci, the

median 95% credible set contained 6 variants; APOE rs7412 and GCKR rs1260326 resolved to single variants.

Five low-frequency multi-signal loci on chromosome 11q23 were excluded from fine-mapping; their pattern is

consistent with, but does not establish, an extended Qatari haplotype. These score estimates assume

independent variants and are not individual-level validation; TC attenuation was not retained at 5 Mb distance

pruning.

Conclusions: European-ancestry lipid loci showed directionally concordant associations in Qatari Arabs,

with lower effect-size slopes for HDL-C and TG. Summary-derived score variance estimates are conditional

on independence and harmonised trait scales; they are not validated individual-level predictive performance.

Findings support Arab-inclusive discovery and local validation before clinical use.

Keywords: genome-wide association study; lipids; polygenic score; transferability; fine-mapping; Qatar; Arabs
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1. Introduction

Atherosclerotic cardiovascular disease is the leading cause of death worldwide, and elevated low-density lipo‐

protein cholesterol (LDL-C) is a causal risk factor [1,2]. In Saudi Arabia and the wider Gulf, dyslipidaemia is

common from adolescence onwards, and national guidelines now place it at the centre of cardiovascular pre‐

vention [3,4]. Genetic information could support this agenda, through polygenic scores that identify people at

high lifetime risk and through causal variants that point to drug targets. Most of that genetic knowledge, how‐

ever, comes from studies of European ancestry [5,6]. Polygenic scores built from such studies lose accuracy in

other ancestries, which risks widening health disparities [7,35].

The Global Lipids Genetics Consortium (GLGC) meta-analysed 1.65 million individuals in 2021. European-an‐

cestry participants dominated the meta-analysis, and the consortium showed that adding diverse ancestries

improved fine-mapping and score portability [8]. Loss of portability across ancestries has several sources: dif‐

ferences in allele frequency, differences in linkage disequilibrium (LD) between tag and causal variants, and

genuine differences in effect size [9–12]. These sources have practical consequences. If weak replication in a

new population reflects only low statistical power, European loci can be used as they are. If it reflects attenu‐

ated effects, scores need to be recalibrated locally.

Arab populations of the Arabian Peninsula have distinct population histories, high rates of consanguinity and

long runs of homozygosity [13–15]. The Qatar Genome Programme released whole-genome sequencing as‐

sociation results for 45 clinical traits, including four blood lipids [16,17]. Earlier assessments of transferability to

the Arabian Peninsula concluded that only a small proportion of reported metabolic variants replicated [18]. A

recent Qatari LDL-C study replicated 168 GLGC loci and reported a moderate correlation of effect sizes [19],

and polygenic scores for cardiometabolic disease have been evaluated in Saudi Arabs [20]. Saudi genome-

wide studies have identified loci for myocardial infarction and hypertriglyceridaemia [21,22]. None of these

studies asked how much replication should be expected given the power of an Arab cohort of about 6,000

people. None combined, across all four standard lipid traits, a power-calibrated replication analysis, an effect-

size calibration slope, a summary-level estimate of polygenic score transfer and statistical fine-mapping on

fully open data.

We therefore assessed the transferability of GLGC 2021 European-ancestry index variants for LDL-C, high-

density lipoprotein cholesterol (HDL-C), triglycerides (TG) and total cholesterol (TC) to the Qatari population,

using only public summary statistics. Our objectives were to (i) compare observed directional concordance and

replication with power-based expectations; (ii) estimate the attenuation of effect sizes and its consequence for

the variance explained by a European-weighted polygenic score; (iii) test for between-ancestry heterogeneity

at individual loci; and (iv) fine-map genome-wide significant Qatari loci that overlap European signals.

2. Methods

2.1 Study design and reporting

This was a cross-ancestry genetic association study based on secondary analysis of published genome-wide

association study (GWAS) summary statistics. It was reported in accordance with the STrengthening the RE‐

porting of Genetic Association Studies (STREGA) extension of STROBE [23]. The analysis plan (traits, match‐

ing rules, metrics, thresholds and fine-mapping prior) was fixed before outcome data were examined and is

summarised in the protocol available with the study materials.
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2.2 Data sources

Qatari summary statistics came from the Qatar Genome Programme GWAS of 45 clinical traits [16], conduc‐

ted in participants of the population-based Qatar Biobank [17]. The discovery analysis included 6,218 whole-

genome-sequenced adults and used linear mixed models adjusted for age, sex, principal components and re‐

latedness. Traits were rank-based inverse-normal transformed, so effects are expressed in standard deviation

(SD) units per allele [16]. We downloaded the harmonised GRCh38 files for LDL-C (GCST90013333; n =

5,972), HDL-C (GCST90013332; n = 6,013), TG (GCST90013334; n = 6,017) and TC (GCST90013331; n =

6,017) from the NHGRI-EBI GWAS Catalog [24] on 6 November 2026 and verified each file against the repos‐

itory checksum.

European-ancestry index variants came from the GLGC 2021 European-ancestry analyses (n = 1,320,016) [8],

retrieved  through  the  GWAS  Catalog  interface  for  accessions  GCST90239658  (LDL-C),  GCST90239652

(HDL-C), GCST90239664 (TG) and GCST90239676 (TC). GLGC residuals were inverse-normalised, so the

European effects are also in SD units [8]. For each index variant we recorded the GRCh38 position, effect al‐

lele, effect-allele frequency, per-allele effect, 95% confidence interval (CI) and P value. The standard error

(SE) was derived as the CI width divided by 3.92.

2.3 Variant matching and quality control

Qatari variants with minor allele frequency (MAF) below 0.01 were excluded, consistent with the source ana‐

lysis. Index variants were matched to Qatari variants by chromosome, position and allele. Qatari effects and

frequencies were aligned to the European effect allele. Strand-ambiguous (A/T or C/G) variants with Qatari

MAF above 0.42 were excluded. When a position was duplicated, the record with the smallest European P

value was kept. The Qatari files report effects and P values without SEs, so the SE was recovered as |β|/z,

where z is the standard normal quantile of 1 − P/2. When P exceeded 0.92 and this ratio became unstable, the

SE was approximated by 1/√(2f(1 − f)N), where f is the effect-allele frequency and N the sample size. Genomic

control λ was estimated from a systematic 1-in-100 sample of all analysable Qatari variants.

2.4 Outcomes and statistical analysis

All analyses were performed separately for each lipid trait.

Directional concordance and replication. A variant was concordant when its Qatari effect had the same sign as

its European effect. It replicated nominally when, in addition, Qatari P < 0.05, and it showed Bonferroni replica‐

tion when Qatari P < 0.05/m, where m is the number of analysed variants for that trait. Expected values as‐

sumed full transfer, that is, a true Qatari effect equal to the European effect. Under this assumption, the prob‐

ability of concordance for variant i is Φ(|βE,i|/SEQ,i) and the power for replication is Φ(|βE,i|/SEQ,i − zcrit). Here

Φ is the standard normal distribution function, βE,i the European effect, SEQ,i the Qatari SE and zcrit the two-

sided critical value. Observed counts were compared with the Poisson-binomial distribution of these probabilit‐

ies, using the lower-tail probability. Proportions are reported with Clopper–Pearson 95% CIs.

Effect-size calibration. Qatari effects were regressed on European effects through the origin, weighted by 1/

SEQ² [25]. The slope equals 1 under full transfer and falls below 1 when effects are attenuated. Its SE was in‐

flated by the square root of the residual dispersion when the dispersion exceeded 1. The Pearson correlation

of effects is reported with a Fisher-transformed 95% CI.

Between-ancestry  heterogeneity.  For  each  variant  we  computed  Cochran's  Q  statistic  comparing  the

European and Qatari effects (1 degree of freedom), its I² statistic [26] and a fixed-effect inverse-variance meta-

analytic estimate.

Summary-statistic polygenic score transfer. A score weighted by the European effects was evaluated from

summary statistics after pruning index variants to at least 500 kb apart. Assuming independent variants and a

standardised trait, the covariance between score and trait is ΣwiβQ,iHi and the score variance is Σwi²Hi, where

wi = βE,i and Hi = 2fQ,i(1 − fQ,i). The variance explained (R²) equals the squared covariance divided by the
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score variance. We subtracted the sampling variance of the covariance, Σ(wiHi)²SEQ,i², from the squared cov‐

ariance to remove noise-induced upward bias, and derived 95% CIs from the normal CI of the covariance. Ex‐

pected R² under full  transfer equals the score variance. We computed it  with Qatari  frequencies and with

European frequencies. The ratio of the two isolates the effect of allele-frequency differences, and the ratio of

observed to expected R² (relative R²) isolates the effect of attenuated effect sizes.

Qatari genome-wide significant loci and fine-mapping. Qatari variants with P < 5 × 10−8 were clumped by dis‐

tance (500 kb) into lead variants, and each lead was checked for an index variant of any lipid trait within 500

kb. Each Qatari lead lying within 250 kb of a same-trait European index variant was fine-mapped across ±250

kb under a single-causal-variant model. We used Wakefield approximate Bayes factors with a prior effect SD

of 0.15 [27], derived posterior inclusion probabilities (PIP) and formed 95% credible sets [28]. Prior SDs of

0.10 and 0.20 were used as a sensitivity analysis. Loci with another Qatari genome-wide significant lead within

1 Mb were flagged as multi-signal regions and excluded from the fine-mapping summary.

Multiplicity and correlated traits. LDL-C and TC are strongly correlated, and many index variants are shared

across traits. We therefore report each trait separately and treat pooled counts across traits as descriptive

only. Bonferroni thresholds were defined within each trait, and no formal test pools the four traits.

Sensitivity analyses. The calibration slope was re-estimated (a) restricted to index variants with Qatari MAF ≥

0.05, (b) restricted to index variants with European P < 5 × 10−12, which limits winner's-curse effects, and (c)

with every Qatari SE replaced by the frequency-based approximation.

Additional distance-pruning sensitivity was performed post hoc during editorial review; see Results.

Software.  Analyses used Python 3.13.18 with  NumPy 2.5.3,  pandas 2.3.3,  SciPy 1.18.1 and statsmodels

0.15.0. Figures were drawn with matplotlib 3.11.2. A single reproducible script reads only the frozen extracts.

3. Results

3.1 Data and variant matching

The Qatari GWAS provided 7,731,946 analysable variants per trait. Genomic control λ ranged from 0.990 to

1.056 (Table 1). Of 1,600 catalogued European index variants (403 for LDL-C, 380 for HDL-C, 388 for TG and

429 for TC), 4 lacked a parseable effect estimate, confidence interval or position, 494 were not present in the

Qatari data, mostly because they were rare or absent there, and 15 strand-ambiguous variants were excluded.

This left 269, 261, 274 and 283 variants, respectively (1,087 variant-trait pairs). Of the 509 parseable index

variants not analysed, 250 had a European MAF below 0.05 and 132 a European MAF below 0.01; their medi‐

an European MAF was 0.054, compared with a median Qatari MAF of about 0.25 among analysed variants.

The analysed set therefore consists mainly of common variants. The median Qatari MAF of the analysed vari‐

ants ranged from 0.244 to 0.274, and effect-allele frequencies were strongly correlated between ancestries (r

= 0.92 to 0.93; Figure 3A). The Qatari SE had to be approximated for 4.5% to 7.4% of variants. Where both

SE estimates were available, the two agreed closely (r ≥ 0.999). Because most European effects were small

(median absolute European effect 0.015 to 0.016 SD per allele), the median power for nominal replication of

an individual variant in the Qatari sample was only 0.097 to 0.115.

Table 1. Data sources, variant matching and quality indicators for the four lipid traits.

Characteristic LDL-C HDL-C TG TC

Qatari GWAS sample size 5,972 6,013 6,017 6,017

Qatari variants analysed (MAF ≥ 0.01) 7,731,946 7,731,946 7,731,946 7,731,946

Genomic-control λ (Qatari GWAS) 0.990 1.056 1.016 0.998

European index variants catalogued 403 380 388 429

Not available in Qatari data 132 111 110 141
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Characteristic LDL-C HDL-C TG TC

Excluded, ambiguous palindromic 1 7 4 3

Index variants analysed 269 261 274 283

Median Qatari MAF of analysed variants 0.246 0.274 0.266 0.244

Allele-frequency correlation, r (95% CI) 0.92 (0.90–0.93) 0.92 (0.90–0.94) 0.93 (0.91–0.94) 0.92 (0.90–0.93)

Median power for nominal replication 0.099 0.115 0.101 0.097

GWAS, genome-wide association study; MAF, minor allele frequency; LDL-C, low-density lipoprotein choles‐

terol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; CI, confidence inter‐

val. European index variants are the Global Lipids Genetics Consortium 2021 European-ancestry associations

(n = 1,320,016). Power is the probability of P < 0.05 in the same direction if the Qatari effect equalled the

European effect. Four catalogued index variants (LDL-C 1, HDL-C 1, TC 2) could not be parsed (missing ef‐

fect, confidence interval or position), so the catalogued count exceeds the sum of the next three rows by these

variants.

3.2 Directional concordance and power-calibrated replication

Across traits, 790 of 1,087 variant-trait pairs (72.7%) had the same direction of effect in both ancestries. Con‐

cordance ranged from 69.5% for LDL-C to 75.1% for HDL-C (Table 2, Figure 2A), far above chance but below

the 77.3% to 80.2% expected under full  transfer.  The shortfall  was statistically detectable for LDL-C (P =

0.001), HDL-C (P = 0.023) and TG (P = 0.024), but not for TC (P = 0.060).

Nominal replication occurred for 129 pairs in total, against 184.3 expected. By trait, 29 of 269 LDL-C variants

(10.8%) replicated against 42.9 expected (observed-to-expected ratio 0.68; P = 0.004), 41 of 261 HDL-C vari‐

ants (15.7%) against 49.1 (ratio 0.83; P = 0.082), 23 of 274 TG variants (8.4%) against 44.7 (ratio 0.51; P <

0.001) and 36 of 283 TC variants (12.7%) against 47.6 (ratio 0.76; P = 0.017) (Figure 2B). By contrast, Bonfer‐

roni-significant replication matched its expectation for every trait: 5 vs 5.9 for LDL-C, 5 vs 6.4 for HDL-C, 7 vs

7.8 for TG and 6 vs 7.3 for TC (all P ≥ 0.32; Figure 2C). Variants with large effects therefore transferred as ex‐

pected, whereas the deficit came from the many variants with small effects.

Table 2. Transferability of European-ancestry lipid index variants to the Qatari population.

Metric LDL-C HDL-C TG TC

Same direction, n (%) 187 (69.5) 196 (75.1) 199 (72.6) 208 (73.5)

Expected same direction, % 77.3 80.2 77.7 77.5

P, observed vs expected direction 0.001 0.023 0.024 0.060

Nominal replication, observed/expected 29/42.9 41/49.1 23/44.7 36/47.6

Observed-to-expected ratio, nominal 0.68 0.83 0.51 0.76

P, observed vs expected nominal 0.004 0.082 < 0.001 0.017

Bonferroni replication, observed/expected 5/5.9 5/6.4 7/7.8 6/7.3

Effect-size slope (95% CI) 0.90 (0.80–1.00) 0.78 (0.68–0.88) 0.72 (0.64–0.81) 0.88 (0.78–0.97)

Effect-size correlation, r (95% CI) 0.77 (0.72–0.82) 0.53 (0.44–0.62) 0.69 (0.63–0.75) 0.74 (0.68–0.79)

Heterogeneity P < 0.05, n (%) 21 (7.8) 19 (7.3) 18 (6.6) 22 (7.8)

Heterogeneity after Bonferroni, n 0 1 1 0

Score R² expected, European frequencies (%) 9.81 5.86 7.32 8.28

Score R² expected, Qatari frequencies (%) 7.91 5.90 7.85 7.35

Score R² observed (%) (95% CI) 6.46 (5.25–7.82) 3.57 (2.75–4.52) 4.13 (3.23–5.17) 5.63 (4.51–6.92)
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Metric LDL-C HDL-C TG TC

Relative R² (observed/expected) (95% CI) 0.82 (0.66–0.99) 0.60 (0.47–0.77) 0.53 (0.41–0.66) 0.77 (0.61–0.94)

Expected values assume that each Qatari per-allele effect equals the European effect, given the Qatari stand‐

ard error. The slope is the inverse-variance-weighted regression of Qatari on European effects through the ori‐

gin (1 indicates full transfer). Heterogeneity is Cochran’s Q with 1 degree of freedom per variant. Score R² is

the variance in each lipid trait explained by a European-weighted score of the index variants, estimated from

summary statistics assuming independent variants. Abbreviations as in Table 1.

Figure 1. Per-allele effects of European-ancestry lipid index variants in European (x-axis) and Qatari (y-axis)

summary statistics for (A) LDL cholesterol, (B) HDL cholesterol, (C) triglycerides and (D) total cholesterol. Col‐

oured points replicated nominally (P < 0.05, same direction); grey points did not. Vertical lines are Qatari 95%

confidence intervals. The dashed line is identity; the solid line is the inverse-variance-weighted slope, printed

with its 95% confidence interval. Effects are in standard-deviation units of inverse-normal-transformed lipid

levels per effect allele. LDL, low-density lipoprotein; HDL, high-density lipoprotein; SD, standard deviation.

3.3 Effect-size calibration and heterogeneity

Qatari  effects  were  generally  smaller  than  European  effects  (Figure  1),  although  the  95% CI  for  LDL-C

reached 1. The weighted slope was 0.90 (95% CI 0.80–1.00) for LDL-C, 0.88 (0.78–0.97) for TC, 0.78 (0.68–

0.88) for HDL-C and 0.72 (0.64–0.81) for TG. Effect-size correlations ranged from 0.53 (HDL-C) to 0.77 (LDL-

C). The slopes were robust in sensitivity analyses. Restricting to variants with Qatari MAF ≥ 0.05 gave slopes
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of 0.84 (LDL-C), 0.82 (HDL-C), 0.71 (TG) and 0.82 (TC). Restricting to strongly associated European variants

(P < 5 × 10−12) gave 0.92, 0.81, 0.74 and 0.88, and the frequency-based SE gave 0.90, 0.78, 0.73 and 0.88.

Nominal heterogeneity (P < 0.05) was observed for 6.6% to 7.8% of variants, close to the 5% expected by

chance. Only two variant-trait pairs remained heterogeneous after Bonferroni correction. For TG, rs964184 in

the APOA5–ZPR1 region had a per-allele effect of −0.098 SD in Qatari data, against −0.246 SD in European

data. For HDL-C, rs538969346 near  SMAD7 is rare in Europeans (effect-allele frequency 0.010) but more

common in Qataris (0.034), and its effect was in the opposite direction. Attenuation was therefore diffuse and

modest at individual loci rather than driven by a few strongly discordant loci.

Post hoc distance-pruning sensitivity at 1 Mb and 5 Mb was added during editorial review. At 5 Mb, slopes

(95% CI) were LDL-C 0.949 (0.841–1.056),  HDL-C 0.823 (0.711–0.934),  TG 0.738 (0.645–0.830) and TC

0.944 (0.838–1.050). Distance pruning does not establish LD independence. Poisson-binomial probabilities

and original intervals remain conditional on independent tests and fixed European effects; they may be over‐

precise. Wider pruning weakens the evidence for TC attenuation. These are sensitivity analyses, not prespe‐

cified results.

Figure 2. Observed (circles with 95% confidence intervals) and expected (open diamonds, assuming full trans‐

fer of European effects) percentages of index variants with (A) the same direction of effect, (B) nominal replic‐

ation (P < 0.05, same direction) and (C) Bonferroni replication in the Qatari summary statistics. Expected per‐

centages are the mean, across variants, of the probability of each event given the European effect and the

Qatari standard error.

3.4 Polygenic score transfer

Pruning removed one HDL-C variant, so the score analyses used 269, 260, 274 and 283 variants. Under full

transfer, the European-weighted score would explain 7.91% of LDL-C variance at Qatari allele frequencies,

compared with 9.81% at European frequencies. Allele-frequency differences alone therefore reduce the expec‐

ted variance explained to 0.81 of the European value for LDL-C and to 0.89 for TC. For HDL-C (1.01) and TG

(1.07) these differences had no material effect (Table 2, Figure 3B). The observed variance explained in Qatari

data was 6.46% (95% CI 5.25–7.82) for LDL-C, 5.63% (4.51–6.92) for TC, 4.13% (3.23–5.17) for TG and

3.57% (2.75–4.52) for HDL-C. Relative to expectation at Qatari frequencies, this corresponds to relative R²

values of 0.82 (0.66–0.99), 0.77 (0.61–0.94), 0.53 (0.41–0.66) and 0.60 (0.47–0.77), respectively. The score

association was highly significant for every trait (all P < 0.001). Its per-unit effect equalled the calibration slope

(for example, 0.90, 95% CI 0.81–0.99, for LDL-C).

MHJ · MHJ-2026-000374 8 / 15



Figure 3. (A) Effect-allele frequencies of analysed index variants in European and Qatari data, by trait; the

dashed line is identity. (B) Variance in each lipid trait explained by a European-weighted score of the index

variants: expected under full transfer at European and at Qatari allele frequencies, and observed in Qatari

summary statistics with 95% confidence intervals. LDL-C, low-density lipoprotein cholesterol; HDL-C, high-

density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol.

3.5 Qatari genome-wide significant loci and fine-mapping

Distance clumping yielded 22 Qatari genome-wide significant loci: 5 for LDL-C, 5 for HDL-C, 7 for TG and 5 for

TC. All 22 lay within 500 kb of a same-trait European index variant, so none was ancestry-specific at this resol‐

ution. Twenty-one lay within 250 kb and were fine-mapped. Five of these, all on chromosome 11q23 (116.5–

118.0 Mb) for HDL-C and TG, were multi-signal regions. Their leads were low-frequency variants (effect-allele

frequency 0.011 to 0.014) with large effects, spread over about 1.3 Mb. This pattern is consistent with one ex‐

tended haplotype carried by a minority of Qatari participants rather than five independent loci. This interpreta‐

tion could not be tested without an Arab LD reference.

Among the 16 single-signal loci, the median 95% credible set contained 6 variants (range 1 to 53), and 7 sets

contained no more than 5 variants (Table 3, Figure 4). Three sets resolved to a single variant: APOE rs7412

(the ε2-defining allele) for LDL-C and for TC, and GCKR rs1260326 for TG. The European index variant was

present in the Qatari data at 15 of these loci and fell inside the Qatari 95% credible set at 12. At CELSR2, the

Qatari  credible  set  for  LDL-C contained the functional  SORT1 regulatory  variant  rs12740374 [32].  At  the

TM6SF2 locus, the Qatari signal peaked at rs111234557, about 57 kb from the European index missense vari‐

ant rs58542926 [33]. The European index variant lay outside the Qatari credible set at APOB (LDL-C and TC)

and LPL (HDL-C). Credible-set sizes changed little with prior SDs of 0.10 or 0.20 (Supplementary data).

Table 3. Single-causal-variant Bayesian fine-mapping of genome-wide significant Qatari loci that over‐

lap European index variants.

Trait Locus
(gene)

Chr Variants Top variant
(PIP)

95% credible set
size

European index
variant

Index
PIP

Index in set

LDL-
C

APOE 19 1,622 rs7412 (1.00) 1 rs7412 1.00 Yes

LDL-
C

LDLR 19 1,252 rs112736558
(0.06)

28 rs73015024 0.04 Yes

LDL-
C

CELSR2 1 1,268 rs12740374
(0.23)

6 rs12740374 0.23 Yes
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Trait Locus
(gene)

Chr Variants Top variant
(PIP)

95% credible set
size

European index
variant

Index
PIP

Index in set

LDL-
C

APOB 2 1,325 rs1800481 (0.33) 9 rs934197 0.00 No

LDL-
C

TM6SF2 19 1,230 rs111234557
(0.67)

8 rs58542926 0.10 Yes

HDL-
C

CETP 16 1,560 rs708272 (0.56) 2 rs183130 NA Not in Qatari
data

HDL-
C

LPL 8 2,137 rs74869266
(0.36)

27 rs15285 0.00 No

HDL-
C

ALDH1A2 15 1,842 rs1077834 (0.80) 6 rs261290 0.05 Yes

TG GCKR 2 719 rs1260326 (1.00) 1 rs1260326 1.00 Yes

TG MLXIPL 7 1,032 rs33951980
(0.13)

53 rs3812316 0.05 Yes

TG TM6SF2 19 1,230 rs111234557
(0.83)

3 rs58542926 0.03 Yes

TC APOE 19 1,622 rs7412 (1.00) 1 rs7412 1.00 Yes

TC CELSR2 1 1,269 rs7528419 (0.38) 5 rs12740374 0.24 Yes

TC LDLR 19 1,272 rs8106503 (0.11) 27 rs73015024 0.04 Yes

TC TM6SF2 19 1,230 rs111234557
(0.92)

2 rs58542926 0.03 Yes

TC APOB 2 1,325 rs1800481 (0.20) 36 rs934197 0.00 No

Chr, chromosome; PIP, posterior inclusion probability from Wakefield approximate Bayes factors (prior stand‐

ard deviation 0.15) within ±250 kb of the Qatari lead variant; NA, not applicable. Five loci on chromosome

11q23 with several genome-wide significant signals within 1 Mb were excluded because the single-causal-vari‐

ant assumption is not tenable there. Abbreviations as in Table 1.
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Figure 4. Regional association and fine-mapping in Qatari summary statistics at (A) APOE for LDL cholesterol,

(B) CETP for HDL cholesterol, (C) GCKR for triglycerides and (D) CELSR2 for total cholesterol. Orange points

form the 95% credible set; the open triangle marks the European index variant; the dotted line marks P = 5 ×

10−8. Positions are GRCh38. Credible sets assume a single causal variant per region (Wakefield approximate

Bayes factors, prior standard deviation 0.15). The European index variant at CETP (rs183130) is absent from

the Qatari data.

4. Discussion

4.1 Principal findings

In 1,087 variant-trait pairs, almost three quarters had concordant effect directions. Large-effect variants replic‐

ated at approximately the expected rate, while nominal replication was lower than the full-transfer expectation.

These comparisons are conditional on European point estimates, independent variant tests and comparable

phenotype scales. They do not establish a biological cause of attenuation or separate true effect differences

from linkage disequilibrium, selection, measurement and winner's-curse effects.

4.2 Comparison with previous studies

Hebbar and colleagues concluded that GWAS-identified metabolic variants showed low transferability to the

Arabian Peninsula [18]. Our power calibration qualifies that conclusion. With a median power of about 10% per

variant, a Qatari cohort of 6,000 would replicate only a small minority of European variants even if every effect

transferred perfectly. Counting significant replications therefore understates transferability, and the appropriate

comparison is with the expected count. Ismail Umlai and colleagues reported a moderate correlation of LDL-C

effect sizes between Qatari and GLGC data using individual-level Qatar Biobank data [19]. Our open-data cal‐
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ibration slope for LDL-C (0.90) and effect correlation (0.77) agree in direction, and we extend the comparison

to HDL-C, TG and TC. Shim and colleagues showed that polygenic scores for cardiometabolic disease, once

optimised for Arabs using public data, performed better than published scores and comparably to European-

ancestry benchmarks in Saudi Arab patients [20]. Our relative R² estimates quantify the loss that occurs when

European weights are applied without such optimisation, at the level of individual lipid traits, using data that

anyone can reproduce.

Cross-ancestry  studies  support  shared  genetic  signals  and  reduced portability  of  scores  across  ancestry

groups [9–11,29–31]. The lower slopes observed here are compatible with differences in linkage disequilibri‐

um, phenotype definition, selection and environment. This design cannot identify which mechanism accounts

for the differences or demonstrate that causal effects are attenuated.

The  fine-mapping  results  add  evidence  on  mechanism.  The  CELSR2–SORT1 credible  set  contained

rs12740374, the regulatory variant shown experimentally to alter hepatic SORT1 expression [32]. The TM6S‐

F2 signal in Qatari data peaked near, but not at, the known E167K missense variant [33], which justifies follow-

up with Qatari LD information. At APOB and LPL, the European index variants were outside the Qatari credible

sets. These are candidate loci at which Arab LD structure may help distinguish causal from tagging variants,

which is the main argument for diverse fine-mapping made by GLGC [8]. The clustered low-frequency signals

on chromosome 11q23, near the  APOA1–APOC3–APOA4–APOA5 cluster, are consistent with an extended

haplotype, as expected in a population with long runs of homozygosity [13,15]. They also overlap regions

where familial and population-enriched lipid variants have been described in Qatar [34]. The strongest locus-

level heterogeneity in the study was also in this region: the European index variant rs964184 had less than

half its European effect on triglycerides in Qatari data. This is consistent with the view that the causal architec‐

ture of the APOA5 region differs between the two populations, possibly because a Qatari low-frequency haplo‐

type carries part of the signal that common variants tag in Europeans.

Several mechanisms could contribute to lower tag-variant slopes, including differences in linkage disequilibri‐

um, gene–environment relationships, treatment adjustment and phenotype measurement. European discovery

effects are also estimated with error and selected for significance. Restriction to strongly associated variants

does not eliminate winner's curse. The estimates should therefore be interpreted as descriptive transfer of

published tag-variant associations, rather than estimates of ancestry-specific causal effects.

The power-calibrated framework also has methodological value beyond lipids. Replication studies in under-

represented populations are often small, and binary declarations of replication or non-replication are easily

misread as evidence of absent transferability. Comparing observed with expected counts, and estimating a

calibration slope with its CI, turns the same summary statistics into quantitative estimates of transfer. Because

the framework needs only effect sizes, SEs and allele frequencies, it can be applied to any trait for which Arab

summary statistics are released, including glycaemic traits, blood pressure and vitamin D concentrations.

4.3 Implications for Saudi Arabia and the Gulf

Saudi dyslipidaemia guidance emphasises risk detection [3], and polygenic approaches are being studied in

Arabs [20]. The present summary-statistic analysis does not establish clinical utility or absolute cardiovascular

risk. Multiplying all weights by a common slope changes the score scale but does not improve its ranking, cor‐

relation or explained variance. Clinical translation requires an Arab linkage-disequilibrium reference, appropri‐

ate phenotype harmonisation and independent individual-level validation. Results in Qatar cannot be assumed

to apply directly to Saudi populations [13,14].

4.4 Strengths and limitations

The study has several strengths. It relies entirely on public, checksum-verified summary statistics and a single

reproducible script. It compares replication with explicit power-based expectations rather than counting signi‐

ficant results. It separates the effect of allele-frequency differences from the effect of attenuated effect sizes on

score performance. It covers all four standard lipid traits, and its effect-size calibration was stable across sens‐

itivity analyses.
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There are also limitations. First, we had no Arab LD reference, so fine-mapping assumed a single causal vari‐

ant per region, and multi-signal regions were excluded rather than resolved. Second, the R² estimates assume

independent index variants. Some residual LD among GLGC index variants within 500 kb windows remains

possible, although pruning removed only one variant. Third, Qatari SEs were reconstructed from P values.

Agreement with the frequency-based approximation was very high, but rounding of very small P values could

add minor error. Fourth, about one third of European index variants were unavailable in the Qatari data, mostly

because they were rare or  absent.  Transferability  of  rare variants therefore could not  be assessed. Fifth,

European effects can carry residual winner's curse, which would bias slopes downwards and inflate the expec‐

ted replication counts. The slope restricted to strongly associated variants was similar, however, which argues

against a large bias. Sixth, both datasets measured lipids without full harmonisation of fasting status or treat‐

ment adjustment, and GLGC adjusted LDL-C and TC for lipid-lowering medication. Such differences could

contribute to attenuation. Seventh, Qatari participants were used as a proxy for Middle Eastern Arabs; transfer

to Saudi and other Gulf Arab populations was not tested directly. Finally, the Qatari sample is modest, so the

CIs for trait-specific estimates are wide.

Inferential scope: R² estimates, intervals and replication probabilities assume variant independence and fixed

European effects. Distance pruning does not establish LD independence. Original estimates are therefore con‐

ditional exploratory summaries; nominal significance must not be used to establish ancestry-specific causal

differences or clinical utility.

4.5 Future research

Future work should combine Arab LD panels with multi-ancestry fine-mapping and colocalisation [40] to re‐

solve the  APOB,  LPL,  TM6SF2 and chromosome 11q23 signals. Locally calibrated and multi-ancestry poly‐

genic scores should be validated against incident cardiovascular events in Saudi and Gulf cohorts [36,38]. The

analysis  should  be  extended  to  protein  and  metabolite  traits,  for  which  differences  between  Arab  and

European genetic architecture have been reported [39].

5. Conclusions

Published European lipid associations showed substantial directional concordance in Qatari  Arabs. HDL-C

and TG slopes remained below 1 under wider distance pruning, while LDL-C and TC inference was more

sensitive. Summary-based score variance and single-signal credible sets remain conditional exploratory estim‐

ates. Individual-level validation and Arab linkage-disequilibrium information are required before clinical applica‐

tion.
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