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Background: Several studies have explored the association between alkaline phosphatase (ALP) and venous thromboembolism
(VTE), yet the findings remain inconclusive and inconsistent. The correlation between them has yet to be definitively established.
We conducted amulticenter cohort study and a two-sampleMendelian randomization (MR) analysis with the aim of investigating
the association between serum ALP levels and acute VTE in East Asian populations.
Methods: We collected data on VTE patients from Taizhou Municipal Hospital and Taizhou Hospital of Zhejiang Province be-
tween January 2019 andOctober 2024, alongside data from routine health check-up participants as the control group. Employing
propensity score matching (PSM) and cubic spline model analysis, we investigated the relationship between ALP levels and VTE.
Additionally, we performed a bidirectional two-sample MR analysis using genome-wide association study (GWAS) data to assess
the potential causal effect between them.
Results: The retrospective cohort study involving 720 VTE patients and 1000 healthy controls found significantly lower ALP
levels in the VTE group, which remained consistent after propensity score matching, with a non-linear relationship between ALP
levels and VTE risk. Two-sample MR analysis confirmed a negative causal effect of ALP on VTE, with no evidence of pleiotropy
in the results.
Conclusions: Our study suggested a negative association between ALP levels and the risk of VTE in the East Asian population.
This finding may provide valuable insights into the role of ALP as a potential biomarker for VTE risk assessment.
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Introduction

Venous thromboembolism (VTE) is a vascular dis-
order characterized by abnormal clotting of blood in the
veins, leading to obstruction of venous return. It is the third
common vascular disease after myocardial infarction and
stroke, which is clinically presented as deep-vein thrombo-
sis (DVT) or pulmonary embolism (PE) [1,2]. Epidemio-
logical study showed that the incidence of VTE has been
reached to (1–2) ‰ worldwide [3]. In China, the incidence
of VTE is also increasing steadily each year. According to
the survey [4], the age- and sex-adjusted hospitalization rate
of VTE increased significantly from 3.2 in 2007 to 17.5 in
2016 per 100,000 population. Other studies have also in-

dicated a high mortality rate in patients with VTE. For ex-
ample, a meta-analysis involving more than 70,000 people
that reviewed 86 randomized controlled trials showed that
even with treatment, VTE can still cause death in 9.8% of
participants [5]. This imposes a heavy health and economic
burden on both governments and individuals.

Alkaline phosphatase (ALP) is a phosphomo-
noesterase, situated on the external layer of the cell
membrane, and is widely distributed in tissues such as
the liver, bones, intestines, kidneys, and placenta [6].
Its main physiological function is to participate in bone
formation, thereby promoting osteogenesis. Abnormal
ALP levels are commonly observed in conditions like
intrahepatic and extrahepatic bile duct obstruction, rickets,
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severe chronic nephritis, anemia, and others [7]. Over the
past decade, ALP has been recognized as a biomarker for
cardiovascular disease (CVD) risk and has been identified
as an independent risk factor for atherosclerosis, stroke,
and coronary artery disease [8–11]. A retrospective
study at Wuhan Union Hospital analyzed the association
between serum ALP levels in late pregnancy and the
incidence of postpartum VTE. The results indicated a
negative correlation between ALP levels and the risk of
VTE, lower ALP levels in late pregnancy were associated
with increased risk of VTE occurrence postpartum [12].
This negative correlation between ALP levels and VTE
risk may be related to ALP’s role in regulating vascular
homeostasis and inflammation—processes central to
thrombogenesis. By neutralizing lipopolysaccharide and
reducing the resulting inflammatory cytokine cascade (e.g.,
tumour necrosis factor-alpha (TNF-α), interleukin (IL)-6,
IL-1β), ALP may attenuate the inflammatory trigger for
VTE [13,14]. Elevated inflammation is a well-established
independent risk factor for VTE [15]. Furthermore, ALP
inhibits vascular calcification and enhances endothelial
elasticity by Regulating levels of Phosphate and nitric
oxide [16], thereby reducing the risk of venous thrombosis.
However, no relevant studies have been conducted within
the general population to date.

Mendelian randomization (MR) takes genetic varia-
tion as an instrumental variable (IV) to examine the rela-
tionship between exposure and outcome, thereby inferring
the causal relationship [17]. Due to the fortuitous distribu-
tion of alleles of genetic variation, MR is less vulnerable
to be affected by confounding factors and reverse causality
[18]. At present, genome-wide association study (GWAS)
is constantly improving and developing, which provides a
data source for MR analysis. However, no MR studies have
hitherto explored the causal relationship of ALP and VTE.

Given the limited number of studies examining the re-
lationship between ALP and VTE, most of which focus on
European populations, we conducted a multicenter cohort
study and a two-sample MR analysis to investigate the as-
sociation between serum ALP levels and acute VTE in East
Asian populations (Fig. 1).

Methods

Study Population and Data Collection
We conducted a retrospective cohort study by col-

lecting data on 720 patients diagnosed with VTE from
Taizhou Municipal Hospital and Taizhou Hospital of Zhe-
jiang Province between January 2019 and October 2024.
The diagnosis of VTEwas confirmed based on clinical, lab-
oratory, and imaging data. Patients were included if they
met all the following criteria: (1) age≥18 years with a first-
time diagnosis of VTE (either DVT or PE) between Jan-
uary 2019 and October 2024 at Taizhou Municipal Hospi-
tal or Taizhou Hospital of Zhejiang Province; (2) confirmed

incident VTE (DVT or PE), with: DVT: Presence of stan-
dard clinical symptoms and confirmation via venography or
ultrasound; PE: Presence of clinical symptoms and confir-
mation via pulmonary angiography or ventilation-perfusion
lung scans [19]; (3) complete ALP data and baseline co-
variates (age, height, weight, diabetes history, triglycerides,
total cholesterol) available at admission. Diagnoses were
coded according to the International Classification of Dis-
eases, 10th Revision (ICD-10) [19]. Patients were excluded
from the study if they met any of the following criteria: (1)
a prior history of VTE, thromboprophylaxis, intrahepatic
cholestasis, chronic hepatitis, severe acute infection, or can-
cer; (2) absence of ALP data. The data collected included
patients’ age, height, weight, history of diabetes, and labo-
ratory test results at admission, such as triglycerides, total
cholesterol, and ALP levels.

The control group of 1000 healthy individuals was se-
lected from outpatients receiving routine laboratory tests as
part of their periodic health examinations. All participants
were medically screened to ensure they had no diagnosed
malignancies, liver dysfunction (including hepatitis, cirrho-
sis, or fatty liver disease), or other major systemic disor-
ders (such as severe cardiovascular, renal, or autoimmune
diseases) that could potentially interfere with the study out-
comes. This retrospective study was conducted in accor-
dancewith the Declaration of Helsinki andwas approved by
the Ethics Committee of Taizhou Municipal Hospital (Ap-
proval No. LWYJ2025242). Informed consent requirement
was waived by the ethics committee.

Initial Statistical Analyses
Continuous variables (age, body mass index (BMI),

total cholesterol, and ALP) were compared using indepen-
dent two-sample t-tests, with results presented as mean ±
standard deviation. As triglycerides did not conform to
a normal distribution, they were presented as median (in-
terquartile range) and analyzed using the Mann-Whitney U
test, with standardized test statistics reported as z-scores.
Categorical variables (sex and diabetes) were analyzed us-
ing Pearson’s chi-square test and reported as n (%). Logistic
regressionmodels were employed to compare differences in
ALP levels between patients with acute VTE and healthy
controls.

Propensity Score Matching and Restricted
Cubic-spline Regression

To assess the robustness of the results and account for
potential confounders, we used propensity score matching
(PSM) [20], with VTE as the dependent variable and ALP
as the main exposure factor of concern. The covariates
taken into account in the matching process encompassed
age, BMI, diabetes, triglycerides, and total cholesterol, with
a 1:1 matching ratio. This methodology was intended to
balance the baseline characteristics between the VTE and
control groups, minimizing the impact of confounding fac-
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Fig. 1. The study flowchart of cohort andMendelian randomization study. In the observational study, we performed a 1:1 propensity
score match (PSM) between 720 included venous thromboembolism (VTE) patients and 1000 healthy controls, followed by cubic-
spline regression to analyze the relationship between alkaline phosphatase levels and VTE risk. In the Mendelian randomization study,
selected single nucleotide polymorphisms (SNPs) served as genetic instruments in a two-sample Mendelian randomization (MR) analysis
evaluating the causal effect of alkaline phosphatase on VTE. This figure was created with Adobe Photoshop 2020 (Adobe Inc., San Jose,
CA, USA).

tors. To further investigate the non-linear effects between
ALP levels and VTE risk, restricted cubic spline (RCS) re-
gression was employed [21], adjusting for age, BMI, di-
abetes, triglycerides, and total cholesterol. All p-values
were two-tailed, with statistical significance defined as p<
0.05. Statistical analyses were performed using R software
(version 4.4.2, R Core Team, Vienna, Austria), and the cu-
bic spline model was implemented using the “Hmisc” and
“rms” packages.

GWAS Summary of ALP and VTE
A bidirectional two-sample MR analysis was de-

signed to evaluate the potentially causal effects of ALP and
VTE. GWAS summary statistics for ALP were obtained
from a GWAS study of the Biobank Japan Project (BBJ),
which comprising 179,000 East Asian participants [22].
The pooled data for the study on VTE was derived from
the China Pulmonary Thromboembolism Registry Study
(CURES), a multicenter registry of PE cases in China, span-
ning from 2009 to 2015. The genetic data encompassed
1268 cases and 17,663 controls, as part of a comprehensive
GWAS [23]. This study used previously published GWAS
summary statistics and did not require Institutional Review
Board approval.

Instrumental Variable Selection

To satisfy three hypotheses of MR analysis, we se-
lected genetic variants that passed GWAS threshold (p <

5 × 10−8) as instrumental variables (IVs). Moreover, to
ensure independence between IVs, we set the linkage dis-
equilibrium (LD) threshold for grouping to r2 < 0.001
and a window size of 10,000 kb [24]. Harmonization of
ALP and VTE summary statistics was performed via the
TwoSampleMR package to align effect alleles, and ex-
clude palindromic single nucleotide polymorphisms (SNPs)
with ambiguous strand. Effect estimates were standard-
ized to the same effect allele across datasets. All SNPs
with missing summary statistics such as allele frequencies
and effect sizes in either the exposure (ALP) or outcome
(VTE) datasets were excluded. MR-PRESSO was exe-
cuted to exclude any outliers with potential pleiotropy to
ensure the reliability of our MR estimates [25,26]. The F-
statistic for IV strength was calculated using the formula F
= (β_exposure/SE_exposure)2, where only variants with F
>10 were retained to mitigate weak instrument bias.

Two-sample MR Analysis
We used the inverse variance weighted (IVW) method

as the primarymethod of analysis, which incorporatedWald
ratios to obtain consistent estimates of the causal impact of
exposure on outcomes [27]. In addition, other MR analy-
sis methods, includingMR-Egger regression [28], weighted
median [29] and weighted mode [30], were used to ver-
ify the causal relationship between exposures (ALP) and
outcomes (VTE). Additionally, we carried out reverse MR
analysis to evaluate the evidence for reverse causal associ-
ation.
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Table 1. Baseline characteristics of participants of the control versus VTE groups before and after propensity score matching.
Before matching After matching

Control VTE t/χ²/z p Control VTE t/χ2/z p

n 1000 720 564 564
Age 58.93 ± 10.48 65.17 ± 13.46 –10.80 <0.001 61.83 ± 10.26 62.23 ± 12.16 –0.60 0.552
Male (%) 522 (52.20) 372 (51.70) 0.05 0.827 290 (51.40) 291 (51.60) 0.00 0.952
BMI (kg/m2) 24.08 ± 3.85 24.21 ± 3.35 –0.74 0.459 24.14 ± 3.77 24.23 ± 3.42 –0.46 0.688
Diabetes (%) 125 (12.50) 138 (19.20) 14.36 <0.001 93 (16.50) 82 (14.50) 0.82 0.366
Total choles-
terol (mmol/L)

5.15 ± 1.09 4.83 ± 1.13 5.92 <0.001 4.97 ± 1.09 5.00 ± 1.10 –0.46 0.643

Triglycerides
(mmol/L)

1.21 [0.84, 1.75] 1.23 [0.90, 1.70] –0.52 0.60 1.17 [0.84, 1.72] 1.25 [0.89, 1.70] –1.28 0.20

Alkaline phos-
phatase (U/L)

87.22 ± 22.39 77.79 ± 36.87 6.58 <0.001 82.23 ± 22.05 76.34 ± 26.65 8.16 <0.001

VTE, venous thromboembolism; BMI, body mass index.

In this study, Cochran’s Q test was employed to eval-
uate the heterogeneity of the IVW model. The presence
of heterogeneity was determined by a significance level of
p < 0.05, prompting the utilization of the random-effects
model of IVW for causal inference. Conversely, a fixed-
effects model was used. MR-Egger regression analysis and
funnel plots were employed to assess the potential bias re-
sulting from genetic pleiotropy. The regression intercept of
the MR-Egger analysis was used to estimate the magnitude
of horizontal pleiotropy, with a value closer to 0 indicating
a lower likelihood of horizontal pleiotropy. Moreover, the
SNPs were eliminated one by one by performing the leave-
one-out sensitivity analysis. The TwoSampleMR and MR-
PRESSO packages of R software (version 4.2.3) were used
for statistical analysis.

Results

Population and Baseline Characteristics
The retrospective cohort study encompassed a total of

720 VTE patients and 1000 healthy controls. Table 1 de-
lineated the baseline characteristics of both the VTE and
control groups. Before matching, compared to the healthy
control group, the VTE groupwas significantly older (65.17
± 13.46 years vs. 58.93 ± 10.48 years, p < 0.001), had a
higher prevalence of diabetes (19.20% vs. 12.50%, p <

0.001), and had lower total cholesterol levels (4.83 ± 1.13
vs. 5.15 ± 1.09, p < 0.001). However, these differences
were no longer significant after matching (Age: 61.83 ±
10.26 years vs. 62.23 ± 12.16 years, p = 0.552; Diabetes:
16.50% vs. 14.50%, p = 0.366; Total Cholesterol: 4.97 ±
1.09 vs. 5.00± 1.10, p = 0.643). And no significant differ-
ences were observed in other factors such as sex, BMI and
triglyceride levels, either before or after matching.

Association Between ALP Levels and VTE Risk
As illustrated in Table 1, prior to PSM, ALP levels

were significantly lower in the VTE group compared to the

healthy control group (77.79 ± 36.87 vs. 87.22 ± 22.39, p
< 0.001). Following adjustment for potential confounders
through PSM, a total of 564 VTE patients were matched
with 564 controls, and the findings remained consistent,
with ALP levels still significantly reduced in the VTE group
relative to the control group (76.64 ± 26.38 vs. 87.84 ±
21.89, p< 0.001). These results are further corroborated by
cubic-spline model analysis. As depicted in Fig. 2, using an
ALP level of 80 U/L as a reference point (odds ratio (OR) =
1), VTE risk exhibited a significant decrease as ALP levels
increased, reaching a nadir then plateauing (p < 0.001).

Selection of Instrumental Variables
According to the SNPs selection criteria (p < 5 ×

10−8, r2 < 0.001, kb = 10,000), 48 independent SNPs for
ALP were filtered primordially (Supplementary Table 1).
After excluding SNPs with potential pleiotropy and palin-
dromic SNPs, 48 SNPs were selected as IVs for two-sample
MR analysis ultimately. According to the MR-PRESSO
global test, no potential pleiotropy was detected (p > 0.05)
(Table 2). The F-statistics of IVs were all largely>10, indi-
cating no evidence of weak instrument bias. The details of
the IVs inMR analysis were represented in Supplementary
Table 1.

Causal Effects of Alkaline Phosphatase on VTE
Fig. 3 and Supplementary Table 2 presented the

causal effects of ALP on VTE based on IVW, MR-Egger,
and weighted median. We employed the fixed-effect model
for analysis since no significant heterogeneity was ob-
served. The MR analysis robustly demonstrated a signifi-
cant protective causal effect of ALP on VTE risk, with con-
sistent directionality and statistical significance across all
primary MR methods. The IVW estimate (OR = 0.79, 95%
CI: 0.64–0.97, p = 0.028) indicated a 21.3% reduction in
VTE risk per standard deviation increase in ALP, corrob-
orated by MR-Egger (OR = 0.58, 95% CI: 0.42–0.81, p =
0.002), weighted median (OR = 0.65, 95% CI: 0.47–0.90,
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Fig. 2. Association between alkaline phosphatase and VTE risk, allowing for non-linear effects. OR, odds ratio; CI, confidence
interval.

p = 0.009), and weighted mode (OR = 0.65, 95% CI: 0.49–
0.86, p = 0.005) analyses, collectively indicating remark-
able methodological concordance despite differing sensi-
tivity assumptions. Crucially, reverse MR analysis defini-
tively excluded reverse causation, yielding non-significant
null associations across all complementary methods (IVW
OR = 0.99, 95% CI: 0.98–1.00, p = 0.161; MR-Egger OR =
0.99, 95% CI: 0.96–1.03, p = 0.885; Weighted median OR
= 0.99, 95% CI: 0.97–1.01, p = 0.308; Weighted mode OR
= 0.99, 95% CI: 0.97–1.00, p = 0.153), with confidence in-
tervals effectively excluding clinically meaningful effects
of VTE on ALP levels (Supplementary Table 3).

As demonstrated in Table 2, the MR-Egger regression
showed no evidence of significant horizontal pleiotropy in-
tercept (p > 0.05), and Cochran’s Q test indicated no sub-
stantial heterogeneity (p > 0.05). These findings were
further supported by visual inspection of the scatter plot
(Supplementary Fig. 1), which revealed a consistent di-
rectional effect across IVW, weighted median, and MR-
Egger methods, and the funnel plot (Supplementary Fig.
2), which demonstrated symmetrical distribution of SNP ef-
fects. Additionally, the leave-one-out sensitivity analysis
(Supplementary Fig. 3) confirmed that no single SNP dis-
proportionately influenced the causal estimate of ALP on
VTE risk.

Discussion

This study was the first to provide significant insights
into the correlation between ALP levels and the risk of VTE
in East Asian population, addressing a gap in research pre-
dominantly focused on European cohorts. The results sug-
gested that ALP levels were significantly lower in VTE
patients compared to healthy controls, and this relation-
ship persisted even after adjusting for potential confounders
through PSM. Furthermore, the cubic-spline analysis re-
vealed a non-linear relationship between ALP and VTE
risk, which was further supported by causal inference from
MR analysis. TheMR analysis, including IVW,MR-Egger,
weighted median and weighted mode approaches, consis-
tently showed a negative association between ALP levels
and VTE risk. The reverse MR analysis which yielded no
statistically significant association was methodologically
critical for causal inference, as it provided statistical evi-
dence against reverse causality, effectively ruling out VTE
occurrence as a meaningful driver of alterations in ALP lev-
els within this East Asian population. Consequently, this
result substantiated the hypothesized unidirectional causal
pathway from ALP to VTE inferred from the primary MR
analyses. Sensitivity analysis did not reveal any significant
horizontal pleiotropy and heterogeneity, suggesting that the
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Fig. 3. MR analysis of causal association between alkaline phosphatase and VTE in East Asian populations. MR, Mendelian
randomization; OR, odds ratio.

Table 2. Assessment of heterogeneity and directional pleiotropy.
Exposure Heterogeneity MR-Egger MR-PRESSO

Q Q-pval Intercept SE p Global test-pval

ALP 51.64 0.30 0.02 0.01 0.08 0.27
Q, heterogeneity statistic Q; SE, standard error; ALP, alkaline phosphatase.

results are robust and consistent across different genetic in-
struments. The leave-one-out analysis indicated that no sin-
gle SNP was disproportionately influencing the results, fur-
ther confirming the reliability of the MR analysis.

A recent study corroborated our findings [12]. They
included 10,044 pregnant women from three hospitals in
Wuhan, after adjusting for covariates of demographic,
lifestyle, birth outcomes, and other liver enzymes. They
found that low ALP levels in late pregnancy were signifi-
cantly associations with increased risk of VTE postpartum
based on a cohort design. What’s more, they further inves-
tigated the potential mechanism underlying and speculated
that theALP-associatedVTE riskmay be partiallymediated
by hemoglobin. However, this contrasts with some other
studies. Motaganahalli et al. [31] analyzed 71 COVID-19
patients and found elevated alkaline phosphatase levels sig-
nificantly associated with increased DVT risk. Similarly,
two studies [32,33] on DVT following lower limb fractures
identified elevated alkaline phosphatase as an independent
risk factor. Nevertheless, their study in question possesses
certain limitations. Prolonged immobility after fractures, a
known VTE risk factor [34] reduces venous return and pro-
motes thrombus formation. Additionally, trauma-induced
inflammation [35], immune overactivation, and disrupted
hemostasis [36] further contribute to coagulation and clot
formation.

The exact mechanisms of ALP and risk of VTE have
not been clarified. Several potential hypotheses have been
posited to elucidate the impact of ALP on VTE. ALP is
known to be involved in the regulation of vascular calcifi-
cation, a process that can contribute to endothelial dysfunc-
tion, a key factor in thrombogenesis [14]. ALP regulates
vascular calcification, where calcium phosphate deposits
stiffen vessels and damage the endothelium, promoting

thrombosis. While normal ALP activitymay protect against
thrombosis by maintaining phosphate balance, lower ALP
might indicate impaired ability to inhibit vascular calcifica-
tion, contributing to endothelial injury and higher VTE sus-
ceptibility [37–39]. ALP is also a key enzyme in the liver,
reduced levels of ALPmay indicate impaired liver function,
which- disrupt the synthesis of proteins involved in coagu-
lation, leading to an increased risk of thrombosis. The liver
produces many of the proteins that regulate blood clotting,
and a deficiency in ALP activity could alter this balance,
contributing to a hypercoagulable state [40–42]. Chronic
inflammation is a well-established risk factor for VTE. The
anti-inflammatory properties of ALP are mediated through
its ability to dephosphorylate pro-inflammatory mediators
such as lipopolysaccharide (LPS) and extracellular ATP
[43]. ALP exerts its effects by inhibiting LPS-TLR4 bind-
ing and subsequent TLR4-mediated NF-κB signaling, mod-
ulating purinergic signaling pathways, and promoting the
autophagy and endocytosis of pro-inflammatory phospho-
proteins and phospholipids. These actions collectively
dampen pro-inflammatory signaling pathways, thereby re-
ducing the occurrence of chronic inflammation [44].

Our study has furnished initial evidence for plausible
causal connections between ALP and VTE. The current in-
vestigation holds several advantages. Firstly, the combina-
tion of PSM andMR analysis enables amore precise assess-
ment of the relationship between ALP and VTE risk, min-
imizing confounding and reverse causality. Secondly, the
application of cubic-spline modeling to evaluate the non-
linear relationship between ALP levels and VTE risk of-
fers valuable insights into the threshold effects of ALP on
thrombotic risk. Last, the findings of this study, derived
from East Asian population, provide valuable insights into
this specific demographic. This focus allows for a deeper
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understanding of the relationship between ALP and VTE
within this group, paving the way for future research to ex-
plore whether these associations hold true across diverse
ethnic and geographic populations.

While the findings of this study are robust, several
limitations should be acknowledged. Firstly, the cross-
sectional and retrospective design of the study ismore prone
to various biases, emphasizing the need for prospective co-
hort studies to support and validate the findings. Secondly,
ALP levels were measured at a single time point in our
study. However, ALP levels can fluctuate over time in re-
sponse to various factors, such as inflammation, liver func-
tion, and phosphate metabolism. Longitudinal studies are
required to assess how changes in ALP levels over time af-
fect VTE risk. Thirdly, although PSM was employed to
adjust for confounding factors, there might still be resid-
ual confounding from variables not captured in the analy-
sis. For instance, lifestyle factors like physical activity, diet,
and smoking status could influence both ALP levels and
VTE risk. Fourthly, the outcome sample size (N = 18,931)
was substantially smaller than the exposure dataset (N =
118,886), which may limit power to detect modest causal
effects and reduce precision of SNP-outcome associations.
While instrument strength metrics (F-statistics) appear ro-
bust due to the large exposure sample, the smaller outcome
sample increases susceptibility to Type II error. Fifthly, our
study utilized data from two tertiary hospitals in Taizhou,
China. While this facilitates internal consistency, it may in-
troduce selection bias that limits generalizability to broader
East Asian populations. Prospective studies are needed to
validate the feasibility of ALP as a biomarker.

Conclusion

In conclusion, our study observed an inverse asso-
ciation between ALP levels and VTE risk in the East
Asian population. These preliminary findings suggest
that ALP might serve as a potential biomarker for VTE
risk assessment in this population, though further valida-
tion is required. If corroborated by future studies, ALP
measurement—a widely available and inexpensive test—
could offer a pragmatic tool to aid in risk stratification, pos-
sibly supporting targeted prevention strategies.
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