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Abstract: Objective: To explore the independent influencing factors of deep venous thrombosis (DVT) in elderly pa-
tients with multiple chronic conditions (MCCs) and construct a predictive nomogram for this population. Methods:
A total of 689 elderly patients with MCCs who were hospitalized from January 2023 to March 2025 were retrospec-
tively enrolled in this study. Patients were categorized into a DVT group (73 cases) and a non-DVT group (616 cases).
The overall cohort was randomly split into a training set (482 cases) and an internal validation set (207 cases) at a
7:3 ratio. An additional 360 patients admitted from April 2025 to April 2026 were enrolled as an external validation
cohort. Receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA) were
used to evaluate the performance of the predictive model. Results: Age, MCCs number, polypharmacy, Padua score,
limb muscle strength and DPR were identified as independent predicting factors for in-hospital DVT. The nomogram
achieved an area under the curve (AUC) of 0.848. The AUC was 0.846 for the training set and 0.831 for the internal
validation set, with good calibration. The external validation AUC was 0.807 with satisfactory calibration efficiency,
and the Delong test verified no significant difference in AUC values (P > 0.05). Furthermore, the model presented
favorable clinical net benefits. Conclusion: The validated nomogram established based on six routinely accessible
clinical indicators can effectively and reliably predict the risk of in-hospital DVT in elderly patients with MCCs.
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Introduction

Chronic disease multimorbidity, also defined as
multiple chronic conditions (MCCs), refers to
the coexistence of two or more chronic diseas-
es [1, 2] and is highly prevalent in the elderly
population [3, 4]. Vascular aging progresses
gradually with advanced age, leading to vascu-
lar intima damage and reduced blood flow.
Concurrent chronic illnesses, including hyper-
tension, hyperlipidemia, diabetes, coronary
heart disease, cerebral infarction and malig-
nancy, further aggravate vascular damage and
elevate blood viscosity [5]. Additionally, interac-
tions among multiple chronic disorders disrupt
normal coagulation homeostasis, thereby pre-
disposing patients to deep vein thrombosis
(DVT) and increasing the risk of adverse clinical
outcomes [6]. Existing studies have confirmed
that dislodged thrombus fragments can travel

through the bloodstream and occlude major
organ arteries or their branches, resulting in
irreversible organ dysfunction [7]. Clinicians
currently rely on traditional risk stratification
scales (such as the Padua and Wells scores) to
assess in-hospital thrombotic risk at admis-
sion and implement targeted thromboprophy-
laxis. Nevertheless, clinical observations indi-
cate that numerous elderly patients still devel-
op DVT-related manifestations during hospital-
ization, including unilateral limb swelling,
edema, pain, skin pigmentation, and cutane-
ous degeneration. This limitation may occur
because conventional thrombotic risk scales
fail to fully incorporate unique geriatric risk fac-
tors, such as multimorbidity burden, polyphar-
macy and limb mobility dysfunction, thereby
resulting in inaccurate risk stratification and
suboptimal preventive interventions. Predictive
models based on comprehensive clinical data

https://doi.org/10.62347/GFEV3120


http://www.ajtr.org
https://doi.org/10.62347/GFEV3120

Deep vein thrombosis in patients with comorbid chronic diseases

can identify independent risk factors for in-hos-
pital DVT in elderly patients with multimorbidity
and facilitate the development of a tailored
nomogram model, which support individualized
DVT risk screening and prevention strategies.

Material and methods
Research subjects

We retrospectively collected data from 689
older adults with MCCs admitted to the
Department of Geriatrics, Suzhou Ninth
People’s Hospital from January 2023 to March
2025. Patients were divided into a DVT group
(73 cases) and a non-DVT group (616 cases)
according to the presence of DVT during hospi-
talization. An independent cohort comprising
360 older inpatients with MCCs who were
admitted to the same department between
April 2025 and April 2026 was subsequently
included for external validation of the predictive
model.

Inclusion criteria: (1) Age > 60 years old; (2)
Suffering from two or more chronic diseases at
the same time (such as hypertension, diabetes,
hyperlipidemia, cardiovascular and cerebrovas-
cular diseases, osteoarthritis, cancer); (3) The
patient underwent limb muscle strength testing
upon admission.

Exclusion criteria: (1) Individuals diagnosed
with venous thrombotic disease upon admis-
sion; (2) Critical illness patients with unstable
vital signs upon admission and requiring con-
tinuous monitoring; (3) Patients with incom-
plete clinical data; (4) Individuals who are
unable to take care of themselves due to physi-
cal, intellectual, or mental conditions and
require long-term care from others; (5) Those
who have not undergone color Doppler ultra-
sound examination during hospitalization.

This study has been approved by the Medical
Ethics Committee of Suzhou Ninth People’s
Hospital (KYLW2025-026-01).

Research methods

Clinical information: By reviewing the patient’s
electronic medical records, clinical information
of the patient upon admission was obtained,
including age, gender, body mass index (BMI),
smoking history, alcohol consumption history,
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number of MCCs, polypharmacy (defined as the
concurrent use of two or more medications,
including prescription drugs, over-the-counter
drugs, and herbal supplements).

Blood indicators: By reviewing the patient’s
blood test report at the time of admission, the
patient’s blood indicators were obtained, main-
ly including albumin, platelets, fasting blood
glucose, triglycerides, activated partial throm-
boplastin time, prothrombin time, fibrinogen
and D-dimer. Based on the platelet count and
D-dimer indicators, the D-dimer/platelet ratio
(DPR) was calculated.

Assessment of limb muscle strength: Limb
muscle strength was assessed at admission
using the Medical Research Council (MRC)
grading system. Patients were examined in the
supine position, and muscle strength was eval-
uated by active movement against gravity and
external resistance. Muscle strength was grad-
ed from O to 5: grade O, no muscle contraction;
grade 1, slight contraction without joint move-
ment; grade 2, movement with gravity eliminat-
ed; grade 3, movement against gravity but not
resistance; grade 4, movement against gravity
and moderate resistance; and grade 5, normal
muscle strength. The average MRC score of the
upper and lower extremities was calculated as
the final muscle strength index, with higher
scores indicating greater limb muscle strength
(8.

Padua rating: Within 24 hours of admission,
venous thromboembolism (VTE) risk was
assessed using the Padua Score. The score
comprises 11 risk factors, including active can-
cer (3 points), previous VTE (3 points), reduced
activity > 3 days (3 points), tendency to form
blood clots (3 points), recent trauma or surgery
(2 points), age > 70 years (1 point), respiratory
and/or heart failure (1 point), acute infection
and/or rheumatic disease (1 point), acute myo-
cardial infarction and/or ischemic stroke (1
point), BMI > 30 kg/m? (1 point), and ongoing
hormone therapy (1 point). Higher total scores
indicates a greater risk of DVT [9].

DVT diagnosis: Referring to the relevant diag-
nostic criteria in the guidelines for the diagno-
sis and treatment of deep vein thrombosis [10].
DVT was diagnosed in patients with MCCs who
either developed clinical symptoms (e.g., local-
ized pain, swelling, skin cyanosis) during hospi-
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talization, or were asymptomatic but had posi-
tive findings on Doppler ultrasound. DVT was
diagnosed if any one of the following criteria
were met: O Incomplete venous compressibili-
ty: When transverse compression is applied
with the ultrasound probe, the lumen of a nor-
mal vein fully collapses with apposition of the
venous walls. In the presence of thrombus, the
venous lumen cannot be compressed flat; @
Intraluminal solid echo filling: Solid hypoechoic
or isoechoic material is visualized within the
venous lumen, with no normal anechoic blood
space remaining; 3 Marked venous luminal
dilatation: The diameter of the affected venous
segment is > 1.5 times that of the accompany-
ing ipsilateral artery, presenting as vascul-
ar distension; @ Absent or intermittent faint
blood flow signals: No transmitted blood flow
passes through the affected vessel even after
distal calf compression or Valsalva maneuver.

Statistical methods

SPSS 27.0 software was used to analyze the
data. The Shapiro Wilk test is used to deter-
mine the normality of the measurement data.
Continuous variables following a normal distri-
bution were presented as mean + standard
deviation and were compared using the inde-
pendent-samples t-test. Non-normally distrib-
uted continuous variables are presented as
median (interquartile range, IQR) and were
compared using the Mann-Whitney U test.
Categorical variables are presented as counts
(percentages) and were compared using the
chi-square (x?) test. Collinearity diagnosis was
perfomed on variables with P < 0.1 between
two groups, with variance inflation factor (VIF)
values < 5 used to indicate that there is no
significant collinearity between the variables.
Variables without significant collinearity were
then entered into a multivariable logistic re-
gression model to identify independent risk
factors for in-hospital DVT. The data obtained
from the analysis of the influencing factors
were imported into R software, and the “rms”
package was run to establish a nomogram
model. The area under the receiver operating
characteristic (ROC) curve (AUC), calibration
curve, and decision curve were used to evalu-
ate the performance of the model. DelLong test
was used to compare the difference of AUC val-
ues, P < 0.05 indicated that the difference was
statistically significant.
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Results

Comparison of data between the DVT group
and non-DVT group

Significant differences were observed between
the DVT and non-DVT groups in terms of age,
number of MCCs, polypharmacy, Padua score
at admission, limb muscle strength, D-dimer,
and DPR (P < 0.05) (Table 1).

Collinearity diagnosis analysis

To minimize the influence of multicollinearity,
collinearity diagnostics were performed for
variables with P < 0.1 in the univariate analys-
is, which included age, smoking history, num-
ber of MCCs, polypharmacy, limb muscle
strength, platelet count, fasting blood glucose,
D-dimer, and DPR. The results revealed no
significant multicollinearity (VIF < 5) for age,
number of MCCs, polypharmacy, limb muscle
strength and DPR. Significant multicollinearity
(VIF > 5) was detected for smoking history,
platelet count, fasting blood glucose, and
D-dimer (Table 2).

Multivariate logistic regression analysis

Whether elderly MCCs patients experienced
DVT during hospitalization (0= No, 1= Yes)
was used as the dependent variable, and indi-
cators were analyzed with P < 0.05 in Table 1
as independent variables (input original val-
ues). The results of multiple logistic regres-
sion analysis showed that: Age, high number of
MCCs, high polypharmacy, high Padua score
and DPR at admission are all risk factors for
DVT in elderly MCCs patients during hospital-
ization (P < 0.05), with limb muscle strength as
its protective factor (P < 0.05) (Table 3).

Construction, interpretation and efficiency
analysis of the nomogram model

Based on the results of multivariate logistic
regression analysis, age, number of MCCs,
polypharmacy, admission limb muscle strength,
Padua score and DPR were selected as predic-
tive indicators. The “rms” package in R soft-
ware was used to construct and visualize the
DVT risk prediction nomogram. Interpretation
of the nomogram prediction model: For exam-
ple, an elderly patient with MCCs aged 75
years, suffering from 5 chronic diseases, three
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Table 1. Comparison of baseline data between DVT and non-DVT groups

Clinical data DVT group (n=73)  Non-DVT group (n=616) t/x%/U P
Age (years) 73.95+5.89 72.54+4.68 2.363 0.018
BMI (kg/m?) 22.82+3.67 22.69+3.15 0.327 0.744
Sex 0.160 0.689
Male 41 (56.16) 361 (61.85)
Female 32 (43.84) 255 (38.15)
Smoking history 3.147 0.076
Yes 27 (36.99) 167 (27.11)
No 46 (63.01) 449 (72.89)
Alcohol consumption history 2.409 0.121
Yes 24 (32.88) 151 (24.51)
No 49 (67.12) 465 (75.49)
Number of MCCs (types) 4.21+0.75 4.04+0.55 2.392 0.017
Polypharmacy (types) 3.49+0.67 3.35+0.42 2.498 0.013
Limb muscle strength (level) 3.58+0.54 3.86+0.68 3.393 0.001
Padua rating (points) 3.70+0.75 3.39+0.61 2.709 0.011
Albumin (g/L%) 37.88+4.93 38.17+5.46 0.433 0.665
Platelet (x10°%/L:1%) 245.9 (170.9-340.5) 236.1 (150.9-290.2) 2.193 0.072
Fasting blood glucose (mmol/L?) 5.7 (4.4-10.1) 5.3 (4.2-9.6) 1.875 0.094
Triglyceride (mmol/L?) 1.4 (1.1-2.9) 1.3 (1.0-2.7) 1.683 0.114
Activated partial thromboplastin time (s) 27.88+3.67 28.35+3.54 1.068 0.286
Prothrombin time (s) 12.16+3.56 12.05+1.28 0.532 0.595
Fibrinogen (g/L*) 3.42+0.98 3.27+0.86 1.388 0.166
D-dimer (mg/L*Y) 0.71+0.26 0.63+0.20 3.121 0.002
DPR (x10?) 0.29+0.05 0.26+0.03 7.417 <0.001

Note: BMI, Body mass index; MCCs, Multiple chronic conditions; DPR

Table 2. Collinearity analysis

, D-dimer/platelet ratio.

No-standardized coefficient Standard Collinearity statistics
Indicator coefficient t Significance
b SE beta Allow VIF

Age 0.182 0.038 0.121 4.789 0.026 0.059 2.481
Smoking history 0.126 0.043 0.137 2.930 0.049 0.042 5.189
MCCs 0.155 0.013 1.321 11.923 <0.001 0.197 3.031
Polypharmacy 0.098 0.034 -0.176 2.882 0.011 0.074 2.352
Muscle strength of limbs -0.186 0.013 0.145 -14.307 < 0.001 0.037 2.793
Padua rating 0.192 0.015 0.468 12.803 <0.001 0.014 3.096
Platelet -0.076 0.053 0.235 -1.434 0.075 0.019 5.859
Fasting blood glucose 0.035 0.002 0.128 17.502 <0.001 0.103 5.064
D-dimer 0.039 0.025 0.145 2.176 0.042 0.037 5.178
DPR 0.235 0.054 0.254 4.352 0.037 0.054 3.768

Note: MCCs, Multiple chronic conditions; DPR, D-dimer/platelet ratio.

types of polypharmacy, limb muscle strength
grade 3, Padua score of 5 and DPR of 0.36,
the total score would be 221 (29+31+15+
40+36+70), corresponding to an estimated
DVT risk of approximately 60% (Figure 1). ROC

7192

curve analysis showed that the AUC of the
nomogram model was 0.848, and the DelLong
test showed that the AUC value of the nomo-
gram model was better than that of the single
predictor (P < 0.05) (Figure 2; Table 4).
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Table 3. Multivariate logistic regression analysis of independent risk factors for in-hospital DVT

Variable B SE Wald x? P OR (95% CI)

Age 0.692 0.287 5.814 0.016 1.998 (1.138-3.508)
Number of MCCs 0.875 0.348 6.322 0.012 2.399 (1.213-4.745)
Polypharmacy 0.956 0.354 7.293 0.007 2.601 (1.301-5.206)
Limb muscle strength -1.248 0.352 12.570 < 0.001 0.287 (0.144-0.572)
Padua rating 0.585 0.276 4,493 0.034 1.795 (1.045-3.083)
DPR 1.029 0.347 8.794 0.003 2.798 (1.417-5.521)
Note: MCCs: Multiple chronic conditions; DPR: D-dimer/platelet ratio.
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Figure 1. Nomogram prediction model of DVT risk in elderly patients with MCCs. Note: MCCs, Multiple chronic condi-

tions; DPR, D-dimer/platelet ratio; DVT, Deep vein thrombosis.

Internal validation of the nomogram model

To evaluate the model’s reliability, the entire
development cohort (n=689) was randomly
divided into a training group (482 cases) and
an internal validation group (207 cases) at a
7:3 ratio. No significant differences were found
in baseline characteristics between the two
groups (including age, number of MCCs, poly-
pharmacy, limb muscle strength at admission,
Padua score and DPR) (all P > 0.05) (Table 5).
To ensure comparability of data. Analysis
shows that the AUC value were 0.846 for the
training set and 0.831 and 0.831 for the va-
lidation set (Figure 3). Calibration curve analy-
sis showed good agreement, with a calibration
error of 0.011 for the training set and 0.026
for the validation set (Figure 4). DCA demon-
strated that interventions based on the nomo-
gram model provided a higher net benefit com-
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pared to the “treat-all” or “treat-none” strate-
gies in both the training and validation sets
(Figure 5).

External validation of the nomogram model

To assess the nomogram’s predictive perfor-
mance beyond the original development co-
hort, an independent cohort of 360 older adults
with MCCs was used for external validation.
There were no significant differences in base-
line data between the modeling set and the
external validation set (P > 0.05) (Table 6). ROC
curve analysis showed that the nomogram
achieved an AUC of 0.807 in the external
validation cohort. Calibration curve analysis
showed a calibration error of 0.059, and DCA
showed that nomogram-based intervention
strategies provided greater net benefit than
either no intervention or intervention for all
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Table 4. Comparison of AUC values between nomogram model and single predictors

Iltem 1 Item 2 AUC value Standard Error 95% CI Zvalue Pvalue
Age Nomogram model  -0.156 0.298 -0.268--0.043 -2.705 0.007
Number of MCCs Nomogram model -0.163 0.293 -0.290 --0.037 -2.529 0.011
Polypharmacy Nomogram model  -0.194 0.304 -0.329--0.058 -2.792 0.005
limb muscle strength Nomogram model  -0.225 0.283 -0.348 --0.101 -3.571 <0.001
Padua rating Nomogram model  -0.142 0.285 -0.264--0.020 -2.281 0.023
DPR Nomogram model  -0.154 0.293 -0.286--0.022 -2.286 0.022

Note: MCCs, Multiple chronic conditions; DPR, D-dimer/platelet ratio.

patients (Figure 6). DeLong test showed no sig-
nificant difference between the AUC values of
the external validation set (0.807) and the
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modeling set (0.848) (P > 0.05). These findings
confirm the good stability and generalizability
of the nomogram model.

Am J Transl Res 2026;18(8):7189-7200



Deep vein thrombosis in patients with comorbid chronic diseases

Table 5. Comparison of clinical data between the training group and the interval test group

Clinical data Training group (n=482) Test group (n=207) t/x?/U P
Age (years) 72.684+5.42 72.71+4.39 0.070 0.944
BMI (kg/m?) 22.79+3.58 22.50+£3.07 1.016 0.310
Sex 0.405 0.525
Male 285 (59.13) 117 (56.52)
Female 197 (40.87) 90 (43.48)
Smoking history 1.115 0.291
Yes 130 (26.97) 64 (30.92)
No 352 (73.03) 143 (69.08)
Alcohol consumption history 2.586 0.108
Yes 114 (23.65) 61 (29.47)
No 368 (76.35) 146 (70.53)
Number of MCCs (types) 4.05+0.71 4.08+0.56 0.540 0.589
Polypharmacy (types) 3.35+0.43 3.40+0.46 1.370 0.171
limb muscle strength (level) 3.82+0.58 3.85+0.63 0.606 0.545
Padua rating (points) 3.43+0.72 3.41+0.57 0.355 0.723
Albumin (g/L%) 38.16+5.37 38.09+5.18 0.159 0.874
Platelet (x10°%/L:1%) 237.4 (158.2-338.4) 236.5(157.9-336.1) 1.093 0.469
Fasting blood glucose (mmol/L?) 5.4 (4.2-9.8) 5.2 (4.1-9.7) 0.573 0.694
Triglyceride (mmol/L?) 1.3 (0.9-2.8) 1.3 (0.9-2.9) 0.376 0.737
Activated partial thromboplastin time (s) 28.34+3.58 28.21+3.45 0.442 0.659
Prothrombin time (s) 12.10+3.38 11.97+1.39 0.534 0.593
Fibrinogen (g/L*) 3.31+0.95 3.23+0.84 1.048 0.295
D-dimer (mg/L*Y) 0.65+0.27 0.62+0.19 1.451 0.147
DPR (x10?) 0.26+0.08 0.27+0.07 1.560 0.119

Note: BMI, Body mass index; MCCs, Multiple chronic conditions; DPR, D-dimer/platelet ratio.
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Figure 3. ROC curve analysis of the nomogram in training (A) and test (B)

groups.

Discussion

DVT is a condition of venous return obstruction
caused by abnormal blood coagulation within
the deep veins [10, 11]. International epidemio-
logical data show that adults aged > 70 years
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1.0

have a three-fold higher DVT
risk compared with younger
and middle-aged adults (18-
59 years) [12]. This under-
scores the elevated suscepti-
bility to DVT among older hos-
pitalized patients. This phe-
nomenon stems from age-
dependent physiological dete-
rioration: diminished vascul-
ar elasticity, damaged venous
intima, and venous-valve at-
rophy. These changes slow
venous blood flow and induce
blood stasis, rendering older
adults as a high-risk group for

DVT [13, 14]. Untreated thrombi may trigger
severe consequences; dislodged thromboem-

boli can occlude blood vessels and precipi-
tate acute thromboembolic events. Moreover,
venous thrombosis can aggravate pre-existing
chronic conditions (e.g., malignancy, renal fail-
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ure, cardiovascular-cerebrovascular diseases)
and raise the risk of adverse clinical outcomes.
Accordingly, identifying independent risk fac-
tors for DVT among older hospitalized adults
with MCCs and developing a predictive risk-
assessment nomogram is therefore critical.
Such a model enables early-stage preventive
interventions to lower DVT-related risk.

Advanced age is recognized as an independent
risk factor for DVT development, with DVT risk
rising progressively with age [15], which is
consistent with the findings of the present
study. This association may be attributed to
deteriorated physical function and impaired
vascular status elderly patients, which predis-
poses them to coagulation dysfunction and fur-
ther elevates DVT susceptibility [16], thereby
increasing the risk of DVT. In addition to age,
multimorbidity is prevalent among elderly
patients. Moreover, certain chronic diseases
and their medications may also increase the
risk probability of DVT. This study found that
elderly MCC patients with a high number
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High risk threshold

lium-dependent vasodilation
and antioxidant capacity, fur-
ther exacerbating endothelial
dysfunction. Vascular endo-
thelial injury promotes platelet
adhesion and aggregation, activates the intrin-
sic coagulation pathway, and facilitates throm-
bus formation [18]. @ Inflammatory respon-
se: Chronic inflammatory conditions, including
chronic obstructive pulmonary disease and
rheumatoid arthritis, can activate platelets
and the systemic coagulation cascade via
inflammatory signaling pathways [19, 20],
thereby promoting thrombosis. 3 Hypercoa-
gulable state: Malignancies and autoimmune
diseases can induce a hypercoagulable state
[241, 22]. Abnormalities in blood components
and coagulation function disrupt hemostatic
balance, eventually contributing to thrombus
generation. @ Blood stasis: Chronic conditions
such as cardiovascular disease and varicose
veins may reduce blood flow velocity [23, 24],
resulting in hemodynamic disturbances, includ-
ing blood vortex formation and impaired perfu-
sion. These hemodynamic abnormalities alter
coagulation homeostasis and increase the
risk of thrombosis. & Polypharmacy among
MCCs patients: Complex drug interactions can
disrupt drug metabolism and therapeutic effi-
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Table 6. Comparison of baseline data between modeling set and external validation set

Baseline data Modeling set (n=689) External validation set (n=360) t/x? P
Age (years) 72.6916.81 72.14+7.43 1.203 0.229
BMI (kg/m?) 22.70+3.58 22.87+3.65 0.725 0.468
Sex 1.082 0.298
Male 402 (58.35) 222 (61.67)
Female 287 (41.65) 138 (38.33)
Smoking history 0.118 0.731
Yes 194 (28.16) 105 (29.17)
No 495 (71.84) 255 (70.83)
Alcohol consumption history 0.294  0.588
Yes 175 (25.40) 97 (26.94)
No 514 (74.60) 263 (73.06)
Number of MCCs (types) 4.06+0.69 4.01+0.72 1.098 0.273
Polypharmacy (types) 3.36+0.67 3.32+0.64 0.932 0.351
limb muscle strength (level) 3.83+0.54 3.79+0.52 1.154 0.249
Padua rating (points) 3.42+0.75 3.3840.70 0.839 0.402
Note: BMI, Body mass index; MCCs, Multiple chronic conditions; DPR, D-dimer/platelet ratio.
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Figure 6. Validation of the nomogram model in the external validation cohort. A: ROC curve analysis; B: Calibration

curve analysis; C: Decision curve analysis.

cacy. Certain medications exert procoagulant
effects, whereas others interfere with endoge-
nous anticoagulant mechanisms, collectively
increasing thrombotic risk. Moreover, age-relat-
ed decline in organ function reduces drug met-
abolic capacity in elderly patients, which may
cause in vivo drug accumulation and further
aggravate the risk of thrombus formation.

The Padua scale is a detailed tool for individual-
ized venous thromboembolism risk stratifica-
tion. Nevertheless, several studies have report-
ed that the Padua scale exhibits limited predic-
tive performance for in-hospital DVT and is
often used in conjunction with D-dimer testing
[25]. Elevated circulating D-dimer concentra-
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tions generally reflect simultaneous activation
of the coagulation fibrinolytic cascades. While
patients who developed DVT had significantly
higher admission D-dimer levels in our univari-
ate analysis, subsequent collinearity analysis
identified significant multicollinearity between
D-dimer, smoking history, platelet count and
fasting blood glucose (VIF > 5). This statistical
association can be explained by physiological
pathways: smoking, hyperglycemia and elevat-
ed platelets, all which damage the vascular
endothelium, trigger a systemic hypercoagula-
ble state, and concurrently activate the coa-
gulation and fibrinolytic systems [26-29].
Consequently, these four indicators exhibit
highly consistent changing trends, accompa-
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nied by substantial overlap in variable informa-
tion, making D-dimer a less specific marker for
predicting DVT in this population. Platelets,
produced by megakaryocytes in hematopoietic
tissue, function in adhesion, aggregation,
release, and procoagulation. This study found
that a higher D-dimer-to-platelet ratio was
associated with a higher risk of DVT in elderly
MCCs patients. This may be because fibrinoly-
sis and partial coagulation pathway activation
are mediated by platelets [30], suggesting a
synergistic effect of platelet activation and
fibrinolysis, which is better captured by their
ratio. Therefore, the combined use of D-dimer
and platelets can more comprehensively re-
flect the patient’s coagulation dynamics, there-
by providing a holistic perspective for clinical
assessment of DVT risk and improving diagnos-
tic efficacy. Physiological decline in elderly
patients includes a natural, gradual decrease
in muscle mass, strength and function [31, 32].
We hypothesize that the presence of multiple
chronic diseases in elderly patients can lead
to inflammatory states, metabolic disorders,
nutritional deficiencies, and drug interactions,
which may further impair muscle mass and
strength, ultimately limiting daily activities. This
study found that stronger limb muscle str-
ength was a protective factor against DVT in
elderly MCCs patients during hospitalization.
This may be because elderly patients with
stronger limb muscle strength can still actively
perform effective limb flexion and extension
during hospitalization, and they can walk in
the hospital garden, exercise, and engage in
other activities, with or without the assistance
of family members or medical staff, thereby
promoting systemic blood circulation [33]; con-
sequently leading to a lower risk of DVT.
Conversely, elderly patients with weaker limb
muscle strength have limited physical activity
capacity and may spend more time in bed rest-
ing, resulting in excessively slow blood flow
velocity, slow clearance of procoagulant sub-
stances from the bloodstream, and an
increased risk of DVT.

Early assessment of DVT is the first step in
thrombus management in elderly patients and
an important prerequisite for taking preventive
measures against DVT. This study constructed
a nomogram model based on the identifi-
ed influencing factors for DVT risk in elderly
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MCCs patients (age, number of MCCs types,
polypharmacy, Padua score, DPR, and limb
muscle strength) to assess DVT risk in elderly
MCCs patients. These indicators are common
clinical parameters that are easily obtainable
without additional examinations, making them
worthy of promotion. After analysis and valida-
tion, the nomogram model constructed in this
study achieved an AUC of 0.848. The modeling
data were randomly divided into a training
group and a test group according to the ratio
of 7:3. The AUC values obtained by verification
were 0.846 and 0.831, respectively. The cali-
bration curve display errors were 0.011 and
0.026, respectively. The decision curve show-
ed that the nomogram model could provide
additional clinical net income. The AUC value
verified externally was 0.807, the calibration
curve showed an error of 0.059, and the deci-
sion curve showed that interventions based
on the nomogram model could provide addi-
tional clinical net benefits; this indicates the
stability and generalization ability of the nomo-
gram model. The nomogram model enables
individualized assessment of DVT risk in elderly
patients, featuring intuitive and concise char-
acteristics that can effectively guide medical
staff in developing and optimizing patient
thrombus management strategies. For exam-
ple, for high-risk populations, antithrombotic
drug intervention can be administered, with
regular monitoring of coagulation indicators to
adjust the antithrombotic drug dosage and
avoid over- or under-treatment; physical pre-
vention measures such as medical graduated
compression stockings or intermittent pneu-
matic compression devices can also be appli-
ed; regular patient repositioning can help pro-
mote blood circulation; patients with strong
limb muscle strength can be encouraged to
perform limb exercises while bedridden to
reduce the risk of blood stasis and thrombosis;
in terms of diet, patients can be encouraged to
follow a low-salt, low-fat, low-sugar, high-fiber
dietary principle.

This study has several limitations. First, its ret-
rospective, single-center design limits the gen-
eralizability of our findings. Although the estab-
lished nomogram exhibited satisfactory predic-
tive performance in out cohort, prospective
multicenter studies are required to validate the
stability of its prediction efficiency.
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Conclusion

In-hospital DVT risk in elderly patients with
MCCs is independently associated with ad-
vanced age, multiple types of MCCs, multiple
drug treatments, high Padua scores, high DPR,
and poor limb muscle strength. A nomogram
prediction model constructed based on these
factors can accurately assess the DVT risk in
elderly MCCs patients.
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