
The diagnostic performance of renal 
function-adjusted D-dimer testing in individuals 
suspected of having venous thromboembolism

Renal impairment, a source of chronic hypercoagulabil-
ity1 and inflammation,2 is known to reduce the specificity
of the D-dimer test in the diagnosis of venous throm-
boembolism (VTE).3 This leads to many false positives in
such patients and consequently to additional costs, as
well as the unnecessary exposure of patients with renal
impairment to contrast dye used in computed tomo-
graphic pulmonary angiography.3

To address this issue, researchers have attempted to
develop renal function-based thresholds for the D-dimer
test.4-6 The thresholds presented so far have varied great-
ly, which we surmised might have been due to unmea-
sured confounding factors. We therefore studied whether
a renal function-adjusted D-dimer test could improve
diagnostic performance for individuals with suspected
VTE, and how the relationship between D-dimer levels
and estimated glomerular filtration rates (eGFR) is affect-

ed by age and C-reactive protein (CRP) levels. Both age
and inflammation have previously been shown to affect
D-dimer concentrations7 and renal function.8

Data from the VTEval project9 (NCT02156401) – an
investigator-initiated, observational, single-center,
prospective cohort study of individuals with clinically
suspected VTE – were analyzed. Patients ≥18 years who
were referred to the University Medical Center Mainz
with suspected deep vein thrombosis or pulmonary
embolism and who had an indication for imaging were
enrolled and diagnosed using color Doppler ultrasonogra-
phy or computed tomographic pulmonary angiography,
respectively. All diagnoses of VTE were verified by
board-certified senior angiologists or radiologists. The
eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) 2009 equation.10

Diagnostic test characteristics [area under the receiver
operating characteristic curve (AUC), sensitivity, speci-
ficity, positive predictive value, negative predictive value]
were used to assess the performance of renal function-
adjusted D-dimer thresholds versus conventional D-dimer
thresholds. Multivariable linear regression was used to
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Figure 1. Diagnostic performance of D-dimer versus renal function-adjusted D-dimer, by stage of renal dysfunction. (A-D) These plots depict receiver operating
characteristic (ROC) curves for D-dimer (red) and a predictive model combining D-dimer and estimated glomerular filtration rate (eGFR) (blue) in different cate-
gories of renal function: total study sample (A), eGFR ≥90 mL/min/1.73 m2 (B) eGFR 60 to 89 mL/min/1.73 m2 (C) and eGFR <60 mL/min/1.73 m2 (D) The lim-
ited number of patients with an eGFR <30 mL/min/1.73 m2 (n=29) precluded separate ROC analysis of this subgroup. Hence, this subgroup was merged with
the category of patients with an eGFR of 30-59 mL/min/1.73 m2 for this analysis. P values for differences were calculated using the method of DeLong et al.
(see Online Supplementary Text S1 for the reference).  
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assess the relationship between renal function and D-
dimer levels, accounting for age and CRP concentration.
More information on the methodology used is included
in Online Supplementary Text S1. 

The characteristics of the patients included in the study
(n=1,082), stratified by category of renal function, are
summarized in Table 1. The overall mean age was
58.7±16.8 years, and the majority of patients were outpa-
tients (91.4%) and patients with a low pre-test probabil-
ity of VTE (71.9%). Nearly half of all patients in the study
sample were diagnosed with VTE. Overall, the median
D-dimer concentration was 1,400 mg/L (interquartile
range: 3,120 mg/L). The mean eGFR of patients in this
sample was 82.6±24.3 mL/min/1.73 m2. The median con-
centrations of D-dimer and CRP increased monotonically
across categories of declining renal function. 

Performance metrics of the conventional and age-
adjusted D-dimer thresholds (for definitions see Online
Supplementary Table S2) according to renal function are
displayed in Online Supplementary Table S3. In Online
Supplementary Table S4, we included a diagnostic per-
formance comparison in our sample of the three renal
function-based D-dimer thresholds that have so far been
published.4-6 In this sample of patients with variable eGFR
values, it is noteworthy that the age-adjusted D-dimer
threshold outperformed all other thresholds in terms of
positive and negative predictive values.

As shown in Figure 1, we did not find evidence that the
inclusion of eGFR significantly improves the D-dimer-
based prediction of VTE. The subgroup of patients with
eGFR values in the range of 60 to 89 mL/min/1.73 m2 was
the only group in which the difference between AUC had
a low random error probability (P=0.08). Nevertheless,
the observed difference in AUC (ΔAUC=0.02) was so
small as to be negligible in terms of clinical benefit, espe-
cially since the difference between the two curves was
imperceptible in the region of the receiving operating
characteristic curve space in which sensitivity exceeds an

appropriate threshold for safe exclusion of VTE (e.g.
0.95). All other categories of renal function showed no
improvements. Online Supplementary Table S5 reflects
that this result was invariant to sensitivity analyses per-
formed across clinically relevant subgroups (e.g. low pre-
test probability, old vs. young individuals, deep vein
thrombosis vs. pulmonary embolism), with the exception
of outpatients and patients with high pre-test probabili-
ties according to the Wells’ score for either deep vein
thrombosis or pulmonary embolism. Restricting the sam-
ple to outpatients rendered the difference between D-
dimer alone and eGFR-adjusted D-dimer in individuals
with eGFR values between 60 and 89 mL/min/1.73 m2

statistically significant, although still not to a clinically
relevant extent (ΔAUC: 0.02, P=0.049). Among patients
in the same renal function category, but with high Wells’
pre-test probabilities, the difference was substantive
(ΔAUC: 0.10, P=0.028); in this category of patients, how-
ever, current clinical algorithms advise foregoing D-dimer
testing in favor of direct imaging.

To test whether the relationship between eGFR and D-
dimer concentrations was affected by age and systemic
inflammation, we performed a series of regression analy-
ses (Online Supplementary Table S6). The R2 of the regres-
sion predicting D-dimer concentrations with only eGFR
indicates that only about 4% of the variance in D-dimer
concentrations was attributable to the eGFR of patients.
Including age in the corresponding linear regression
model attenuated the partial slope of eGFR by 64%
(Δb=0.007) (Online Supplementary Table S6) and rendered
it insignificant (P=0.08). Including age did not improve
the percentage of variance accounted for by the model. A
model retaining age, but omitting eGFR, explained the
variance in D-dimer marginally better (+8%ΔR2). 

In Figure 2, we illustrate the influence of age and CRP
concentration on the relationship between D-dimer lev-
els and renal function using boxplots, depicting crude and
adjusted D-dimer levels against categories of eGFR. By
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Table 1. Patients’ characteristics by renal function. 
                                                                 Total Sample                                                                              eGFR [mL/min/1.73 m2]
                                                                                                        ≥90                              60-89                           30-59                           <30

Sample size, n. (%)                                             1,082 (100)                     410 (37.9)                            417 (38.5)                         140 (12.9)                            29 (3)
Age (years), mean (SD)                                     58.7 (16.8)                     45.6 (13.6)                            65.6 (12)                           72.2 (11)                         73.7 (11.4)
Female sex, n. (%)                                               567 (52.4)                     224 (54.6)                             217 (52)                           78 (55.7)                           14 (48) 
Characteristics related to diagnosis                                                                                                                                                                                                       

Diagnosis of VTE, n. (%)                                  515 (47.7)                      182 (44.4)                            206 (49.5)                          64 (45.7)                            14 (48)
Provoked etiology, n. (%)                              286 (56.3)                     111 (61.7)                            111 (54.9)                            32 (50)                               6 (43) 
DVT, n. (%)                                                       452 (41.8)                     167 (40.7)                            181 (43.5)                          55 (39.3)                            10 (35)

Proximal DVT, n. (%)                                   254 (56.2)                       88 (52.7)                             100 (54.9)                            34 (63)                              4 (40)
PE, n. (%)                                                          276 (25.5)                       66 (16.1)                             116 (27.8)                          46 (32.9)                            10 (35)

Isolated PE, n. (%)                                       63 (22.8)                        15 (22.7)                               25 (22)                               9 (20)                               4 (40)
Low-to-moderate PTP, n. (%)                          597 (71.9)                     329 (80.6)                            296 (71.3)                          87 (62.6)                            15 (52)
Outpatient, n. (%)                                              989 (91.4)                     380 (92.7)                            379 (90.9)                         125 (89.3)                           22 (76)

Humoral biomarkers                                                                                                                                                                                                                                   
D-dimer (mg/L), median (IQR)                   1,400 (3,120)                  950 (1,880)                        1,500 (3,310)                    1,640 (3,920)                   2,250 (3,780)
CRP (mg/L), median (IQR)                              8.1 (22.4)                       5.8 (20.3)                             8.3 (22.1)                          8.9 (19.7)                          39 (66.1)

Categorical variables are presented as relative and absolute frequency, and continuous variables are presented as mean with standard deviation or median with interquar-
tile range (depending on distribution). Frequencies do not incorporate missing information. Stages of chronic kidney disease were classified according to current recom-
mendations of the international guideline group Kidney Disease Improving Global Outcomes (KDIGO). Low-to-moderate pre-test probability refers to a deep vein throm-
bosis Wells’ score of 2 or less or a  pulmonary embolism Wells’ score of 4 or less. eGFR: estimated glomerular filtration rate; SD: standard deviation; VTE: venous thromboem-
bolism; DVT: deep vein thrombosis, PE: pulmonary embolism; PTP: pre-test probability; IQR: interquartile range; CRP: C-reactive protein.



displaying a slight vertical deviation from the other box-
plots, the rightmost boxplot in Figure 2B suggests that
age did not fully account for the effect of renal function
in patients with an eGFR below 30 mL/min/1.73 m2, i.e.
patients with severe renal dysfunction. Figure 2C shows
that no visibly discernible trend remains in the D-dimer
residuals across categories of renal function after addi-
tionally adjusting for CRP levels. While this effect
appears to be slightly more pronounced in patients with
deep vein thrombosis than in those with pulmonary
embolism, the same overall trend is apparent in both
(Online Supplementary Figure SF1). In the corresponding
linear regression model, age and CRP level were both
highly significant (P<0.001) and together accounted for
27% of the variance in D-dimer (Online Supplementary
Table S6), which constituted a marked increase in R2 of
the model (+524.4%) as compared to the reference model
containing only eGFR. Adding eGFR to this model did
not improve the variance explained by the model
(ΔR2=0.004), and eGFR was not statistically significant
(P=0.11) in a model adjusted for age and CRP concentra-
tion.

This study is the first to demonstrate that a renal func-
tion-adjusted D-dimer test carries no clinically significant
benefit in the setting of suspected VTE. Additionally, it is
the first study to provide a detailed breakdown of the
effect of renal function on D-dimer concentrations. Here,
it was shown that eGFR is in large part a proxy for aging:
age-adjusting the D-dimer test results all but nullified the
effect of renal function on D-dimer concentrations, and a
predictive model incorporating age instead of eGFR out-

performed the model combining both in terms of total
variance explained. When considering separate categories
of renal dysfunction, it became apparent that age did not
adequately account for the rise in D-dimer concentra-
tions only in individuals with severe renal dysfunction
(eGFR<30 mL/min/1.73 m2). These findings support
adjusting the D-dimer test for age, as doing so will likely
be sufficient to resolve the perceived issue of renal
impairment-induced elevation of D-dimer concentrations
in the great majority of patients: in our sample of 1,082
individuals, only 2.7% had an eGFR below 30
mL/min/1.73 m2.

In patients with severe renal dysfunction, we found
that D-dimer concentrations were substantially elevated,
and that CRP level appeared to account for this effect.
Associations between coagulation factors such as tissue
factor, VIIc, VIIIc, XIIa and fibrinogen and inflammatory
markers such as interleukin-6 and CRP have been found
in several studies investigating the hypercoagulable
nature of severe renal dysfunction,2,8,11 and it has been
hypothesized that activation of the coagulation cascade
in patients with end-stage renal disease is a direct result
of the build-up of inflammatory cytokines.1,12 Our results
align with this hypothesis. An important caveat to this
result is that the sample size for this group of patients
was limited in the present study (n=29).

The strengths and limitations of this study merit con-
sideration. The present study represents the largest
investigation of VTE cases on this topic so far. This study
used strict criteria for diagnosis: all study participants
were fully examined using color Doppler ultrasonogra-
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Figure 2. Relationship between D-dimer and estimated glomerular filtration rate after adjusting for age and C-reactive protein levels. (A-C) These boxplots
depict the relationship between estimated glomerular filtration rate (eGFR) and D-dimer levels: crude relationship (A) and after adjusting for age (B), and age
and C-reactive protein (CRP) levels. (C) The red line indicates the median of the leftmost renal function category (≥90) in each panel. Panels (B) and (C) depict
eGFR categories against the residuals of a linear regression model predicting D-dimer concentrations with age and age and CRP, respectively. The P values were
derived from Mann-Whitney U tests. 
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phy as well as computed tomographic pulmonary angiog-
raphy, and board-certified angiologists and radiologists
independently adjudicated all diagnoses. By contrast, the
majority of the previous studies analyzed historical
patients’ data, potentially limiting the accuracy of diag-
noses. Positive and negative predictive values were based
on a higher case prevalence than may be representative
of real life; however, these more conservative values
were only used for the comparison of thresholds, and for
this purpose they were satisfactory. The most notable
limitation of the present study is the limited number of
participants with severe renal dysfunction in the study
sample. The results relating to this group should there-
fore be interpreted carefully, and not taken to be defini-
tive until they are validated by future studies. 

In conclusion, the present study does not indicate any
merit from the development of renal function-adjusted
D-dimer thresholds for use in individuals suspected of
having VTE. In patients with mild to moderate renal
impairment, the use of the validated age-adjusted D-
dimer threshold should be preferred, whereas in patients
with severe renal dysfunction, CRP-adjusted D-dimer
testing might be useful. 
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