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D-dimer-albumin ratio (DAR) as a new
biomarker for predicting preoperative deep vein
thrombosis after geriatric hip fracture patients
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Abstract

Purpose Hip fractures in the elderly are complicated by preoperative deep vein thrombosis (DVT). The objective
of this study is to determine the usefulness of blood-based biomarkers, particularly the D-dimer-albumin ratio (DAR),
in predicting preoperative DVT.

Methods A retrospective observational study was carried out on 1149 patients from a single hospital, and subse-
quently validated on an additional 626 patients from a separate hospital. The aim was to evaluate the prognostic
and predictive value of 10 biomarkers, with a specific emphasis on DAR, in both cohorts. The primary measure

of interest was the occurrence of preoperative DVT.

Results The ratio of D-dimer to albumin demonstrated superior predictive capability for preoperative DVT in older
patients with hip fractures compared to other biomarkers (AUC=0.677). Using the optimal cutoff point of 0.24, high
DAR was significantly associated with preoperative DVT (OR 3.45, 95% CI 2.00-5.95). Notably, all the DAR definitions
detailed above were successfully validated in an external, independent cohort.

Conclusions DAR may be a valuable biomarker for predicting preoperative DVT in elderly patients with hip fractures.

Keywords Hip fracture, Geriatric, Preoperative deep vein thrombosis, Prognosis, D-dimer-albumin ratio

Introduction

Hip fracture is a prevalent condition among elderly
patients, with significant morbidity and mortality [1-
4]. Within the first year of injury, approximately 30%
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of elderly patients with hip fractures will succumb [5],
while survivors are faced with an increasing disease bur-
den that detrimentally affects their quality of life [6]. The
main factors contributing to hip fractures in the elderly
population are osteoporosis, muscle weakness, and low-
impact trauma [7, 8]. Given the accelerated aging of the
global population, the incidence of hip fractures is stead-
ily rising and projected to reach 4.5 million cases by 2050,
posing a considerable challenge to the public health sec-
tor [9, 10]. Surgery currently serves as an effective inter-
vention for treating hip fractures. Depending on the
fracture pattern, recommended surgical approaches for
intertrochanteric and subtrochanteric fractures include
intramedullary nailing or sliding/dynamic hip screws
(DHS) [11, 12]. For femoral neck fractures, total hip
arthroplasty (THA) or hemiarthroplasty is recommended
[13]. In most cases, surgery significantly improves
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patients’ pain, functional abilities, and overall quality of
life [11, 14, 15]. Nevertheless, perioperative complica-
tions often compromise the benefits of surgery for many
elderly patients, leading to increased disease burden and
mortality [16-18].

Preoperative deep vein thrombosis (DVT) is a common
complication among elderly patients with hip fractures,
which significantly affects their prognosis [18-20]. The
asymptomatic nature of most deep vein thrombi often
renders clinical diagnoses unreliable, resulting in unde-
tected cases of DVT [21, 22]. Furthermore, detached
embolisms from the blood vessel wall can lead to serious
and potentially fatal risks, such as pulmonary embolism
[23]. With the rising incidence of hip fractures in the
elderly population [4], the prompt and accurate diagnosis
and timely intervention for DVT present significant clini-
cal challenges [24]. Reliable and evidence-based predic-
tive tools, including biomarkers, are essential for clinical
doctors to make informed decisions soon after admission
and prevent adverse outcomes [25].

D-dimer serves as a vital component of the diagnos-
tic algorithm for DVT and is widely used to predict
and exclude DVT [26, 27]. Plasma D-dimer is formed
through the degradation of fibrin filaments by fibrinolytic
enzymes during the coagulation process [28]. Conse-
quently, increased D-dimer levels reflect the occurrence
of thrombogenesis and lysis within the body, serving as a
non-invasive marker of thrombus formation [29]. Despite
its high sensitivity, the clinical utility of D-dimer in older
populations is limited due to its relatively low specificity
[30] and tendency to increase with age [31]. Low albumin
levels also play a significant role in the development of
DVT. Albumin inhibits fibrin polymerization and platelet
aggregation while possessing heparin-like properties [32].
Moreover, decreased albumin levels can lead to reduced
plasma colloid osmotic pressure, increased blood viscos-
ity, and ultimately thrombus formation [33]. Several pre-
vious studies have emphasized the importance of serum
albumin levels in predicting the prognosis and complica-
tions in orthopedic patients before surgery. Specifically,
elderly patients with hip fractures who have lower serum
albumin levels are more susceptible to perioperative
complications, and preoperative DVT formation is inde-
pendently associated with low albumin levels [20, 34, 35].

Although the aforementioned biomarkers have been
widely utilized in clinical practice [36, 37], whether
the combination of biomarkers can enhance the prog-
nostic ability for preoperative DVT in patients with
hip fractures remains uncertain. No studies have been
conducted to our knowledge thus far to evaluate the
combined application of D-dimer and albumin for the
prediction of preoperative DVT events in elderly patients
with hip fractures. Addressing these gaps necessitates a

Page 2 of 11

comprehensive evaluation of various biomarker combi-
nations, particularly focusing on the newly developed
combined DAR as an efficient biomarker for predicting
preoperative DVT in the elderly with hip fractures. Fur-
ther investigation requires larger sample sizes from mul-
tiple hospitals to facilitate a more detailed and accurate
analysis.

Materials and methods

Study design and data sources

To compose the training set, we conducted a retrospec-
tive analysis of elderly hip fracture patients admitted to
our institution between February 2015 and February
2023. We also collected data from an independent insti-
tution to facilitate external validation, analyzing records
of elderly hip fracture patients from January 2018 to Jan-
uary 2023. The institutional review boards of both hospi-
tals granted ethical approval for the study and waived the
need for informed consent.

Patient selection

The inclusion criterion verifies patients’ eligibility in the
study if they are diagnosed with hip fractures in old age
and whose diagnosis is based on imaging (X-ray, CT, or
MRI), physical examination, or intraoperative assessment
by an orthopedic surgeon. Participants are excluded if
they meet any of the following criteria: (1) <60 years of
age; (2) multiple, pathologic, or open fractures; (3) lack
of perioperative ultrasound examination after admission;
(4) didn’t undergo laboratory tests such as hematology
within 24 h of admission; (5) prior utilization of antico-
agulant drugs or diagnosis of peripheral vascular disease.

Variables

The demographic data comprise information on age,
gender, smoking, and alcohol consumption. The study
encompasses data on past medical history, including
hypertension, diabetes, chronic obstructive pulmonary
disease (COPD), cardiovascular disease, stroke, chronic
liver disease, deep vein puncture, venous thromboem-
bolism, and cancer. Additionally, the study encompasses
data on the type of fracture (femoral neck, intertrochan-
teric, or subtrochanteric), injury-to-admission time, and
duration of bedridden time.

Laboratory indicators

Blood samples were collected from hip fracture patients
within 24 h of admission, and relevant biomarkers were
collected. The collected biomarkers include D-dimer
(ug/L), albumin (g/L), neutrophils (x 10°/L), lymphocytes
(x10%/L), red blood cells (x10'2/L), white blood cells
(x10°/L), blood glucose (mmol/L), platelets (x10°/L),
mean platelet volume (FL), red cell distribution width (%),
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alanine aminotransferase (IU/L), aspartate aminotrans-
ferase (IU/L), cholesterol (mmol/L), low-density lipo-
protein (mmol/L), high-density lipoprotein (mmol/L),
triglycerides (mmol/L), fibrinogen (g/L), activated partial
thrombin time (s), prothrombin time (s), and thrombin
time (s).

Definition of outcome

The principal outcome is the incidence rate of preop-
erative DVT. Color Doppler ultrasonography stands out
as the most reliable diagnostic tool for examining lower
limb vessels [38]. Our institution necessitates all hip frac-
ture patients to undergo routine ultrasound examinations
within 24 h of admission and every 3-5 days thereafter
while awaiting surgery. The efficacy of this approach lies
in its ability to carefully examine all deep veins from the
inguinal ligament to the ankle. Moreover, only seasoned
ultrasound physicians evaluate these images, and their
diagnoses are based on predetermined imaging features.
The specific criteria [39] used to diagnose DVT are typi-
cally characterized by the presence of abnormal echoes,
venous stenosis with lumen obstruction or incompress-
ibility, the absence of a blood flow signal in the occluded
segment, and reduced blood flow in the distal end in
comparison with the proximal end of the occluded vein.
Upon admission, hip fracture patients in our establish-
ment must elevate their limbs to improve blood flow and
discourage thrombotic events. For those diagnosed with
preoperative DVT, our management strategy complies
with the recommendations provided by the American
College of Chest Physicians [40]. Such an approach typi-
cally involves administering low-molecular-weight hepa-
rin such as enoxaparin sodium at a dosage of 4000 IU,
one dose per day after 24 h of admission. On the other
hand, in the absence of DVT, patients are advised to
engage in regular limb movement, proper hydration, and
the use of intermittent pneumatic compression devices if
necessary.

Statistical analysis

Continuous variables are presented as median (+IQR),
while categorical variables are noted as absolute numbers
(%). A bilateral P value<0.05 was deemed statistically
significant. Any missing values in continuous variables
were imputed using a median-based approach. In this
study, we examined and assessed four blood-based bio-
markers in hip fracture patients. Two of the biomarkers,
namely D-dimer and neutrophils, showed a significant
increase in adverse outcomes, while the remaining two
biomarkers, lymphocytes, and albumin, demonstrated
a significant decrease in adverse outcomes. We used
these four biomarkers in combination to determine the
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optimal predictability of preoperative DVT in hip frac-
ture patients. We identified a D-dimer to albumin ratio
that exhibited the highest accuracy for predicting the
occurrence of preoperative DV'T.

We assessed the predictive performance of various bio-
markers to determine their utility in predicting the occur-
rence of preoperative deep vein thrombosis (DVT) in hip
fracture patients. To this end, we carried out a receiver
operating characteristic (ROC) curve analysis and calcu-
lated the area under the ROC curve (AUC), a metric that
measures the accuracy of predictions. The optimal cutoff
point was determined using the Youden index, a measure
that maximizes the difference between the true positive
rate and the false positive rate, thereby creating a balance
between sensitivity and specificity.

To determine the impact of various covariates on the
occurrence of preoperative deep vein thrombosis (DVT)
in hip fracture patients, we utilized multivariate logistic
regression. The analysis generated odds ratios (ORs) and
corresponding 95% confidence intervals (ClIs). In the ini-
tial phase, univariate regression was performed, and any
variable with a p value<0.10 was selected for the multi-
variate logistic regression analysis. For our analysis, we
carefully selected the covariates for the logistic regres-
sion model, considering previous research [18, 41] and
clinical expertise. To enhance the reliability of our find-
ings, we conducted a sensitivity analysis using propensity
score matching [42]. We employed the E-value approach
to evaluate the robustness of the observed association
with unmeasured confounding [43, 44]. We used an
online calculator (https://www.evalue-calculator.com/
evalue/) to calculate the E-value, which provides an esti-
mate of the minimum strength of association needed for
an unmeasured confounder to account for the observed
association. Additionally, we partitioned patients into
four groups based on the quartile distribution of the
DAR values, specifically Q1 (<0.05), Q2 (0.05-0.10), Q3
(0.10-0.19), and Q4 (>0.19). This categorical approach
allowed us to determine the dose—response relationship
more accurately between the biomarkers and preopera-
tive DVT. All statistical analyses were performed using R
software version 4.0.3.

Results

A training set consisting of 1149 elderly hip fracture
patients was incorporated into the analysis. Among them,
141 cases (12.3%) were indicated to have preoperative
deep vein thrombosis (DVT). Additionally, the valida-
tion set of 626 elderly hip fracture patients was included,
out of which 81 cases (12.9%) were diagnosed with pre-
operative DVT for further examination (see Additional
file 1: Fig. S1). The optimal cutoff value for DAR was
established to be 0.24. The baseline characteristics of
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Table 1 Baseline characteristics stratified by baseline DAR levels
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Variables Training set External validation set
DAR<0.24% (n=940) DAR>0.24%(n=209) pvalue DAR<0.24%(n=545) DAR>0.24%(n=81) pvalue
Demographic
Age, X years 76.00 (66.00-82.25) 77.00 (67.00-83.00) 0.13  76.00 (67.00-83.00) 76.00 (67.00-83.00) 0.88
Female gender 584 (62.13) 21(57.89) 026  313(5743) 49 (60.49) 0.60
Smoking 53(16.28) (22 97) 0.02 85 (15.60) 6(19.75) 034
Alcohol 95 (10.11) 1(14.83) 0.05 61(11.19) 0(12.35) 0.76
Comorbidities
Hypertension 464 (49.36) (62 20) <0.001 270 (49.54) 52 (64.20) 0.01
Diabetes 215 (22.87) 3(25.36) 044 29 (23.67) 22 (27.16) 049
COPD 96 (10.21) (20 10) <0.001 56 (10.28) 5(1852) 0.03
Cardiovascular disease 286 (30.43) 70 (33.49) 039 168 (30.83) 29 (35.80) 037
Stroke 8(26.38) 56 (26.79) 0.90 48 (27.16) 26 (32.10) 035
Chronic liver disease 38 (4.04) 5(7.18) 0.05 20 (3.67) 6(747) 0.12
History of deep venipuncture 1(1.17) 5(2.39) 0.17 9(1.65) 3(3.70) 0.21
History of deep VTE 77 (8.19) 27(12.92) 0.03 52(9.54) 13 (16.05) 0.07
Neoplasms 85 (9.04) 18 (8.61) 0.84 56 (10.28) 4 (4.94) 0.13
Operation
Fracture type
Femoral neck fracture 505 (53.72) 99 (47.37) 0.39 251 (46.06) 35(43.21) 0.62
Intertrochanteric fracture 377 (40.11) 102 (48.80) 270 (49.54) 42 (51.58)
Subtrochanteric fracture 58 (6.17) 8(3.83) 24 (4.40) 4 (4.94)
Admission time
<6h 471 (50.11) 144 (68.90) <0.001 275 (50.46) 56 (69.14) 0.001
-12h 148 (15.74) 27 (12.92) 92 (16.88) 11(13.58)
>12h 321 (34.15) 8(18.18) 178 (32.66) 14(17.28)
Bedridden time 5.00 (3.00-7.00) 5.00 (4.00-8.00) 0.01 5.00 (4.00-7.00) 5.00 (4.00-8.00) 0.12
Biology
D-dimer,x mg/L 2.92 (1.49-4.85) 11.69 (10.00-19.50) <0.001 2.79(1.20-4.63) 10.66 (10.00-20.00) <0.001
ALB,xg/dL 38.00 (35.00-41.00) 37.00 (35.00-40.00) <0.001 38.00 (35.00-41.00) 36.00 (33.00-39.00) <0.001
NEU, x 1019/L 6.40 (4.90-8.10) 7.00 (5.50-9.00) <0.001 6.30(4.80-8.10) 7.10 (5.60-9.00) 0.01
LYM count, x 10A9/L 1.20 (0.90-1.60) 1.10 (0.80-1.50) 0.003  1.20(0.90-1.60) 1.00 (0.70-1.30) 0.001

Data are presented as median (interquartile range) or n (%); DAR: D-dimer—albumin ratio

&the best cutoff for the DAR was 0.24, which was identified by Youden'’s index

COPD chronic obstructive pulmonary disease, VTE venous thromboembolism, ALB albumin, NEU neutrophils, LYM lymphocyte

geriatric hip fracture patients from both the training and
validation sets are shown in Table 1, stratified based on
the optimal cutoff value for DAR. Remarkably, patients
with elevated levels of DAR in both cohorts displayed a
prolonged interval between injury and admission, which
may have preemptively boosted the onset of VTE com-
plications. Additionally, they showed a distinct tendency
to have a more pronounced prevalence of VTE-related
diseases such as hypertension and chronic obstructive
pulmonary disease documented in their medical history.
The collected biomarkers, along with their respective
baseline levels, are depicted in Fig. 1A. After thorough
analysis, four blood biomarkers, and six prospective

combinations were identified and subsequently evalu-
ated, as displayed in Fig. 1B. Among these combina-
tions, the accuracy of DAR in predicting preoperative
DVT in elderly hip fracture patients was the highest
compared to single biomarkers and their combina-
tions (Fig. 2A, B), with an AUC of 0.677 (Fig. 2C). DAR
demonstrated significantly greater diagnostic accu-
racy compared to alternative biomarker combinations
(p<0.001, see Table 2). Notably, DAR maintained its
high level of accuracy in predicting preoperative DVT
within the external validation set with an AUC of 0.665
(Fig. 3), and its predictive ability was far stronger than
other biomarkers (p=0.04, see Table 3). For further
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Non-DVT (N=1008) DVT (N=141)

Biology Median (IQR) Median (IQR) 0dd Ratio(95% CI) P Value
D-dimer, ug/L 3.33 (1.78-6.52) 6.48 (3.20-11.57) » 1.12 (1.09-1.16) <0.001
ALB, g/L 38.00 (35.75-41.00) 37.00 (33.00-40.00) . 0.91 (0.88-0.95) <0.001
NEU, x10"9/L. 6.40 (4.90-8.20) 6.90 (5.50-8.80) o 1.08 (1.02-1.15) 0.01
LYM, x10A9/L. 1.20 (0.90-1.60) 1.10 (0.90-1.50) —.—— 0.64 (0.45-0.90) 0.01
RBC, x10AM2/L 3.96 (3.51-4.39) 3.87 (3.43-4.42) —e— 0.92 (0.71-1.20) 0.53
WBC, x10"9/L. 8.50 (6.80-10.40) 8.80 (7.30-10.90) o 1.05 (0.99-1.11) 0.14
GLU, mmol/L 6.10 (5.40-7.60) 6.80 (5.80-8.10) - 1.06 (0.99-1.14) 0.11
PLT, x10A9/L 194.00 (156.75-241.25) 193.00 (153.00-238.00) [} 1.00 (0.99-1.00) 0.82
MPV, fL 8.50 (7.90-9.10) 8.60 (7.90-9.20) —e— 0.99 (0.84-1.17) 0.93
RDW, % 13.50 (13.00-14.30) 13.70 (13.10-14.30) - 1.00 (0.89-1.13) 0.99
ALT, UL 15.00 (11.00-21.00) 15.00 (11.00-21.00) . 1.00 (0.99-1.01) 0.50
AST, UL 20.00 (16.00-25.00) 19.00 (16.00-23.00) L 0.99 (0.98-1.01) 0.19
CHOL, mmol/L 4.49 (3.84-5.22) 4.67 (3.66-5.46) i 1.10 (0.94-1.29) 0.22
LDL, mmol/L 2.73 (2.15-3.39) 2.84 (2.03-3.54) To— 1.08 (0.90-1.30) 0.39
HDL, mmol/L 1.20 (0.99-1.47) 1.20 (0.98-1.43) ——— 1.07 (0.71-1.61) 0.75
TG, mmol/L 1.15 (0.89-1.53) 1.22 (0.96-1.59) —— 0.97 (0.77-1.21) 0.76
FIB, g/L 3.48 (2.94-4.15) 3.64 (2.99-4.13) ro— 1.08 (0.93-1.26) 0.33
APTT, s 30.60 (28.40-33.50) 30.30 (27.60-33.30) * 0.99 (0.96-1.03) 0.74
PT,s 12.30 (11.43-13.33) 12.70 (11.70-13.60) - 1.04 (0.98-1.09) 0.19
TT,s 14.60 (13.60-15.80) 14.80 (13.80-16.40) > 1.01 (0.98-1.05) 0.50
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Up-regulation

Down-regulation

D-dimer Lymphocyte

Neutrophils Albumin

Previously established scoring
4m==) Candidates of the new scoring combination
4===) Target scoring combination

“*New biomarker combination
D-dimer - albumin ratio

Fig. 1 A Baseline data and univariate analysis for each laboratory factors. B Schematic chart for the combination of laboratory factors in this study
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Fig. 2 ROC curves analysis to evaluate the predictive value of each combination for Preoperative DVT in patients with hip fractures

from the training set: The DAR C showed the highest accuracy for the prediction of Preoperative DVT compared with established scores
including other laboratory factors A, B in hip fracture patients. ROC, receiver operating characteristic; AUC, area under the curve. &New biomarker

1 - Specificity

Table 2 Assessment of the characteristic parameters of each biomarker in the training set

Variables AUC (95% ClI) ACC (%, 95% Cl) SEN (%, 95% ClI) SPE (%, 95% Cl) PPV (%, 95% Cl) NPV (%, 95% CI) Delong test (p value)
DAR 0677 (0626-0.729) 80.2(80.1-80.2) 433 (35.1-514) 853(83.1-87.5) 29.2(23.0-354) 91.5(89.7-93.3)  Reference®

D-dimer  0.664 (0.612-0.715) 694 (69.3-69.4)  53.9 (45.7-62.1) 715 (68 7-743) 209(168-25.1) 91.7(89.8-93.7)  <0.001

ALB 0.600 (0.549-0.651) 57.4(574-575) 56.0(47.8-64.2) 576 (54.6-60.7) 156(124-188) 904 (88.1-926) -

NEU 0.565 (0.516-0.613) 33.3(33.3-334) 87.2(81.7-927) 25.8(23.1-285) 14.1(11.8-164) 935(90.6-964) -

LYM 0.566 (0.516-0.615) 50.7 (506-50.7)  61.7(53.7-69.7) ~ 49.1 (46.0-52.2) 145(11.7-17.3)  90.2(87.7-92.7) -

ALB albumin, NEU Neutrophils, LYM lymphocyte, C/ confidence interval, AUC the area under the curve, ACC accuracy, SEN sensitivity, SPE specificity, PPV positive

predictive value, NPV negative predictive value
& A comparison of AUC was performed using the DeLong test
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elucidation, a detailed account of the predictive abil- In order to examine the relationship between DAR and
ity of each biomarker in the trial group and validation  preoperative DVT in elderly hip fracture patients, we
group can be found in the appendix (see Additional conducted a detailed evaluation, and the comprehensive

file 1: Figs. S2 and S3). outcomes are presented in Table 4. Notably, in univariate
A B C
1.0 1.0 1.0
0.8 72 0.8 0.8
2 / 2 )
S 0.6- ¢ S 0.6 S 0.6-
= = =
2 Iy’ 4 g 2
) 04- ,‘-( /' Q 04- ) 04-
n ; £ :::,T;:&T;Z:_S:ZZ n — NEU/LYM (AUC= 0.561) »
0.2 'fl - Neutrophis (AUC= 0531 0.2 _ :i:::::»::: f::::?sso) 0.2 — New biomarker® (AUC= 0.665)
’ Lymphocyte (AUC= 0.550) " — LYMALB (AUC= 0.581) -
0.0 1 1 1 1 1 0.0 I 1 1 1 1 1 0.0 1 1 1 1 1
00 02 04 06 08 1.0 00 02 04 06 038 1.0 00 02 04 06 08 1.0
1 - Specificity 1 - Specificity 1 - Specificity

Fig. 3 ROC curves analysis to evaluate the predictive value of each combination for Preoperative DVT in patients with hip fractures

from the validation set: The DAR (C) showed the highest accuracy for the prediction of Preoperative DVT compared with established scores
including other laboratory factors (A, B) in hip fracture patients. ROC, receiver operating characteristic; AUC, area under the curve. &New biomarker
combination: D-dimer-albumin ratio

Table 3 Assessment of the characteristic parameters of each biomarker in the validation set

Variables AUC (95% CI) ACC (%, 95% ClI) SEN (%, 95% Cl) SPE (%, 95% ClI) PPV (%, 95% Cl) NPV (%, 95% Cl) Delong test (p value)
DAR 0.665 (0.596-0.734) 66.1 (66.1-66.2)  61.7 (51.1-723) 668 (62.8-70.7) 21.6(163-27.0) 92.2(89.5-94.8)  Reference®

D-dimer  0.656 (0.587-0.725) 67.1 (67.0-67.2)  60.5(49.8-71.1)  68.1 (64.2-72.0) 22.0(165-274)  92.1(894-94.7) 0.04

ALB 0.623 (0.561-0.685) 55.6 (55.5-55.7) 654 (55.1-75.8) 54.1(49.9-583) 17.5(13.2-21.8) 91.3(883-944) -

NEU 0.531(0469-0.594) 34.8(34.8-349) 864(79.0-939) 272(234-309) 150(11.8-182) 93.1(89.1-97.0) -

LYM 0.550 (0.483-0.616) 505 (504-50.6) 63.0(524-73.5) 486(444-528) 154(11.5-19.3) 89.8(864-933) -

ALB albumin, NEU neutrophils, LYM lymphocyte, C/ confidence interval, AUC the area under the curve, ACC accuracy, SEN sensitivity, SPE specificity, PPV positive
predictive value, NPV negative predictive value

& A comparison of AUC was performed using the DeLong test

Table 4 Unadjusted and adjusted associations between preoperative DVT and DAR based on different cutoff values in the training set

DAR Events, n (%) Unadjusted OR (95%Cl) P Multivariable P PSM adjusted OR (95%Cl) P
regression adjusted OR
(95% Cl)
Continuous
Per SD NA 1.84 (1.59-2.12) <0.001 1.78(1.52-2.10) <0.001 NA NA
Best cutoff®
<024 80 (8.5) 1 [Reference] <0.001 1 [Reference] <0.001 1 [Reference] <0.001
>0.24 61(29.2) 443 (3.04-6.45) 4,02 (2.62-6.18) 345 (2.00-5.95)
Quartile
Q1 (<0.05) 19(7.1) 1 [Reference] <0.001* 1 [Reference] <0.001* 1 [Reference] <0.001*
Q2 (0.05-0.10) 25(7.2) 1.02 (0.55-1.89) 0.64 (0.32-1.26) 0.59(0.30-1.15)
Q3(0.10-0.19) 32(125) 1.85 (1.02-3.35) 142 (0.75-2.69) 1.27 (0.73-2.19)
Q4 (>0.19) 65 (23.1) 391 (2.27-6.73) 2.84(1.57-5.16) 261 (1.63-4.19)

SD standard deviation, NA not available, OR odds ratio, PSM propensity scores matching
*p for trend; ¥the best cutoff for the DAR was 0.24, which was identified by Youden’s index
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regression analysis, elevated levels of DAR were identi-
fied as significantly associated with preoperative DVT
(OR 4.43, 95% CI 3.04—6.45). This association remained
significant after controlling for potential confounding
factors such as age, smoking, hypertension, diabetes,
COPD, stroke, history of deep venous catheterization,
history of venous thromboembolism, and bedridden
time (OR 4.02, 95%CI 2.62-6.18). The consistency of the
results was well established in the results of the external
validation set (OR 4.15, 95% CI 2.21-7.79, as shown in
Table 5). The detailed results of the multivariate regres-
sion analysis can be found in the appendix (see Addi-
tional file 1: Tables S1 and S3). The e-value, signifying the
minimum threshold required to nullify the association
between DAR and preoperative DV'T, was determined to
be 7.50, with a lower limit of 4.68.

Upon conducting an evaluation of DAR as a continu-
ous variable, the adjusted OR for preoperative DVT
was identified to be 1.78 (95% CI 1.52-2.10) with each
1-SD rise in DAR (see Table 4). Furthermore, upon
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analyzing DAR as quartiles, clear evidence of a dose—
response relationship was found between DAR and pre-
operative DVT not only in the training set but in the
validation set as well (p for trend <0.001). These find-
ings, which are consolidated in Tables 4 and 5, with a
graphical representation in Fig. 4, show that increased
levels of DAR are logically linked to a higher incidence
of preoperative DVT.

We also conducted propensity score matching as a
sensitivity analysis, thus minimizing the potential influ-
ence of confounding factors. Upon matching, all vari-
ables between the experimental and validation groups
displayed a balanced distribution, indicating that any
difference between the groups could not be attributed
to confounding factors (see Additional file 1: Tables
S2 and S4). Excitingly, the newly analyzed propensity-
matched association between DAR and preoperative
DVT remained significant in both the experimental
group (OR 3.45, 95% CI 2.00-5.95, see Table 4) and

Table 5 Unadjusted and adjusted associations between preoperative DVT and DAR based on different cutoff values in the validation

set
DAR Events, n (%) Unadjusted OR (95%Cl) P Multivariable P PSM adjusted OR (95%Cl) P
regression adjusted OR
(95% CI)
Continuous
Per SD NA 1.79 (1.47-2.18) <0.001 1.83(1.45-2.30) <0.001 NA NA
Best cutoff®
<024 41 (8.5) 1 [Reference] <0.001 1 [Reference] <0.001 1 [Reference] 0.01
>0.24 33(22.8) 4.21(245-7.25) 4.15(2.21-7.79) 3.02 (1.37-6.65)
Quartile
Q1 (<0.05) 12(7.7) 1 [Reference] <0.001* 1 [Reference] <0.001* 1 [Reference] <0.001%
Q2 (0.05-0.10) 16(9.8) 1.05 (0.47-2.34) 0.72 (0.30-1.71) 0.90 (0.41-1.95)
Q3 (0.10-0.19) 11 (7.5) 1.99 (0.98-4.06) 1.68(0.78-3.60) 1.18(0.58-2.37)
Q4 (>0.19) 35(21.9) 447 (2.29-8.75) 3.90 (1.88-8.07) 3.51(1.99-6.18)

SD standard deviation, NA not available, OR odds ratio, PSM propensity scores matching

*p for trend; & the best cutoff for the DAR was 0.24, which was identified by Youden’s index
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the validation group (OR 3.02, 95% CI 1.37-6.65, see
Table 5), reinforcing the accuracy of our findings.

Discussion

In this retrospective cohort study, we evaluated various
combinations of biomarkers to determine their capac-
ity for predicting preoperative deep vein thrombosis
(DVT) among elderly hip fracture patients. Remarkably,
our findings highlight a significant statistical association
between elevated levels of DAR when its values exceed
the designated threshold of 0.24, and an increased sus-
ceptibility to preoperative DVT. In fact, among all the
biomarker combinations tested, DAR demonstrated the
highest predictive ability for this condition. Importantly,
our study findings were scrutinized and verified across a
broad range of patients in an independent large cohort,
underscoring the generalizability and reliability of our
observations.

A plethora of studies have extensively investigated the
association between D-dimer and albumin with pre-
operative deep vein thrombosis (DVT). The elevation
of D-dimer concentration during admission may arise
from stress and inflammatory responses [45]. Typically,
augmented D-dimer levels signify escalated activation
of coagulation and fibrinolysis systems, with the lat-
ter being an anticoagulation mechanism that maintains
vascular permeability, blood flow, and tissue repair [46].
Once thrombosis formation occurs, plasminogen activa-
tion triggers the fibrinolytic process, which breaks down
the fibrin clot into fibrin products. Of all these products,
solely the D-D cross-linking site can reflect lytic activity
after thrombosis formation [47]. Consequently, clinical
D-dimer measurement serves as a sensitive indicator for
screening and diagnosing new thrombus formations [48].
Nonetheless, while D-dimer exhibits high sensitivity, its
specificity is low [27], and D-dimer levels increase with
age, potentially leading to more false positive results in
elderly patients [26]. Prior research has employed various
combinations of age and D-dimer as critical thresholds,
thereby significantly enhancing predictive accuracy for
DVT [31]. Nonetheless, evaluating the efficacy of joint
diagnostic tests that account for both age and D-dimer
levels remains controversial across different medical con-
texts [49].

Hypoalbuminemia is typically viewed as a manifesta-
tion of malnutrition. Inflammation augments capillary
permeability, leading to the expansion of the intersti-
tial space and amplification of the distribution volume
of albumin, resulting in hypoalbuminemia due to the
inflammatory state [32]. A compelling case has been
reported linking hypoalbuminemia to elevated fibrino-
gen levels and platelet aggregation [50]. Since albumin
is solely produced in the liver, low serum albumin levels
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serve as a marker of poor liver reserve and hence a likely
deficiency in anticoagulation factors, thereby increasing
the risk of DVT [51]. Clinical studies of patients with cir-
rhosis have strongly associated hypoalbuminemia with
increased DVT occurrence [52]. Similarly, hypoalbu-
minemia can be caused by renal loss, and studies have
indicated that low serum albumin significantly predicts
DVT occurrence in nephrotic syndrome [53]. Thus, low
levels of albumin can also serve as a marker of a hyperco-
agulable state [54].

Although DAR is a novel combination in this study, it is
established that D-dimer and albumin alone can serve as
predictive factors for preoperative deep vein thrombosis
(DVT) in hip fracture patients. To illustrate, Zhao et al.
conducted a retrospective study on 1515 elderly hip frac-
ture patients and reported that low albumin levels (<35
g/L) (OR=1.52, p=0.04) and D-dimer levels>1.59 mg/L
(OR=2.19, p<0.001) were independently correlated with
preoperative DVT [20]. Zhang et al. developed an age-
adjusted D-dimer index for preoperative DVT screening
in 2759 elderly hip fracture patients [31]. Further, Chang
et al. documented the predictive significance of preop-
erative D-dimer levels for venous thrombosis among
lower limb fracture patients [45]. Additionally, from the
analysis of 930 elderly hip fracture patients, Tian et al.
reported that preoperative low albumin levels were sig-
nificantly linked with poor prognosis and heightened
risk of hospital readmissions [55]. Interestingly, Panteli
et al. unveiled that hip fracture patients with hypoalbu-
minemia during admission significantly experienced an
increased mortality risk [35]. Nevertheless, the associa-
tion between DAR and preoperative DVT is intricate and
possibly confounded by various factors. Consequently,
we incorporated the E-value in this study to assess the
potential impact of unmeasured confounders on our con-
clusions. The E-value represents the minimum strength
of association between unmeasured confounders and
both the exposure and outcome variables needed to fully
account for the observed association, while also control-
ling for measured confounders [44]. In this study, we cal-
culated the E-value to be 7.50, with a lower limit of 4.68.
These values indicate that unmeasured confounders are
insufficient to completely negate the observed associa-
tion between DAR and preoperative deep venous throm-
bosis, thus underscoring the robustness of our findings.
Additionally, more research is warranted to thoroughly
investigate this potential association and determine
the optimal strategy for employing DAR as a predictive
marker for preoperative DVT in hip fracture patients.

D-dimer and albumin are the most prevalent bio-
markers employed in clinical practice, providing a
low-cost, accessible modality for identifying high-risk
patients. Furthermore, both are modifiable risk factors,
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allowing physicians to take proactive measures. Cur-
rently, researchers are exploring enhanced methods
to manage preoperative DVT in hip fracture patients,
underscoring the significance of preoperative screen-
ing, perioperative care, and correction of nutritional
status as effective strategies for minimizing preopera-
tive DVT risk [56, 57]. It has also been suggested that
the introduction of geriatric orthopedic surgeons in
orthopedic wards treating elderly hip fracture patients
may improve perioperative complications and poor
prognosis [58]. Ultimately, obtaining accurate prog-
noses and identifying preoperative DVT can greatly
enhance communication between clinicians and
patients, especially when family members are involved.

The strength of this study lies in its vast patient popula-
tion, encompassing 1146 patients in the training set and
624 patients in the validation set. Additionally, all bio-
markers obtained in the training set were also acquired
in the validation set, thus limiting the risk of selection
bias. However, we must acknowledge several limitations
of our study. Firstly, retrospective studies may be subject
to various biases and potential unmeasured confound-
ing factors, and missing data. Therefore, a prospec-
tive trial is required to validate our findings. Secondly,
our analysis only considered biomarkers routinely used
in clinical practice, thus disregarding other potentially
more intricate combinations with better predictive abili-
ties than DAR. Thirdly, D-dimer and albumin levels may
change during hospitalization, and while we attempted to
reduce confounding effects by using solely baseline lev-
els of D-dimer and albumin drawn upon admission, these
changes were not analyzed across the hospitalization
period. Finally, our study only investigated whether DAR
correlates with preoperative DV'T in hip fracture patients
during hospitalization, other studies are required to eval-
uate whether DAR has an impact on postoperative DVT
and long-term survival rates in this patient group.

Conclusions

This extensive study has successfully identified DAR
as a straightforward, synergistic, and highly accessible
biomarker, effectively predicting the likelihood of pre-
operative DVT in elderly patients with hip fractures.
The admission DAR value can be utilized to identify
and categorize high-risk preoperative DVT patients.
Following this intriguing discovery, future clinical tri-
als are warranted to assess the utility of this biomarker
in hip fracture management and ascertain its efficacy in
routine clinical practice.
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