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Abstract: The impact of pre-existing diabetes on the development of deep vein thrombosis (DVT) remains unclear. 
We performed a meta-analysis of cohort studies to evaluate the risk of DVT in patients with and without pre-existing 
diabetes. We searched Pubmed, Embase, and Cochrane databases from the inception to December 2014 for cohort 
studies assessing the effect of diabetes on the incidence of DVT. Pooled odds ratio (OR) with 95% confidence inter-
val (CI) was calculated using random- or fixed-effect models. Six cohort studies were included in this meta-analysis. 
A fixed-effects model meta-analysis showed that pre-existing diabetes was associated with an increased risk of DVT 
(OR 1.36; 95% CI 1.07-1.72; P=0.01), with moderate heterogeneity among the studies (I2=46.2; P=0.10). When pa-
tients were divided into two subgroups based on the method of screening DVT, there was no significant heterogene-
ity in each subgroup. Our meta-analysis suggested that pre-existing diabetes was associated with an increased risk 
of DVT after total knee replacement. However, the result should be interpreted with caution because of the potential 
bias and confounding in the included studies.
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Introduction

Deep vein thrombosis (DVT), as one kind of 
venous thromboembolisms, is commonly seen 
after hip and knee replacement surgery. Many 
factors that may increase the incidence of DVT 
have been investigated, such as smoking, obe-
sity, cancer, immobilization, congestive heart 
failure, and so on [1-3]. In clinical practice, DVT 
is frequently seen in patients with diabetes 
after total knee replacement. It is possible that 
diabetes is another risk factor for DVT. However, 
relevant studies on this topic have not draw a 
definite conclusion, and some of the results 
were even controversial. For example, Zhao et 
al. [4] considered that patients with diabetes 
have a higher risk of DVT, but in the studies 
conducted by Meding et al. [5], there is a con-
verse conclusion. Besides, some of these stud-
ies are limited by the small sample size [6]. 
Thus, we undertook this systematic review and 
meta-analysis of cohort studies to assess the 
effect of diabetes on DVT after total knee 
replacement.

Material and methods

Literature search and inclusion criteria

This meta-analysis was undertaken in accor-
dance with the Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) statement. A 
literature search was carried out using Pubmed, 
Embase, and Cochrane databases from incep-
tion to December 2014. The search was limited 
to human subjects and English language. We 
used the following search terms and boolean 
operators: (“diabetes” or “diabetic” or “diabet-
ics”) and (“knee” or “joint”) and (“replacement” 
or “arthroplasty”) and “thrombosis”. In addition, 
we reviewed the reference lists of retrieved 
papers and recent reviews to identify other 
potentially eligible studies that we had not cap-
tured with our primary search.

The following inclusive selection criteria were 
applied: (a) study design: cohort study; (b) study 
population: adult patients with total knee 
replacement; (c) comparison intervention: with 
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and without pre-existing diabetes; and (d) out-
come measure: the development of DVT. In the 
case of duplicate data publication (several 
studies with overlapping samples), we only 
included the most informative article or com-
plete study to avoid duplication of information.

Data extraction and outcome measures

The following data was extracted from each 
included article: first author, publication year, 
number of patients with and without diabetes, 
method of screening DVT, and odds ratios (ORs) 
with the corresponding 95% confidence inter-
vals (CIs). The supplementary files were also 
examined for data extraction. When it is neces-
sary, we contacted authors of included studies 
for additional information.

Assessment of methodological quality

The quality of the included studies was evalu-
ated using the Newcastle-Ottawa Scale (NOS) 
[7] based on three main items: the selection of 
the study groups (0-4 points), the comparability 
of the groups (0-2 points) and the determina-

tion of either the exposure or the outcome of 
interest (0-3 points), with a perfect score of 9.

Two investigators independently conducted the 
study selection, data extraction and quality 
assessment. Any disagreements were resolved 
by discussion and consensus.

Statistical analysis

From each study, we extracted the adjusted  
OR with 95% CI. When the adjusted OR was  
not available, a crude OR was calculated. We 
pooled across studies to assess the associa-
tions between diabetes and the risk of DVT  
with P<0.05 indicating a significant difference. 
Heterogeneity among the studies was tested  
by Q-test statistics with the significance set at 
P<0.10. The I2 statistics was used as a second 
measure of heterogeneity, with I2 more than 
50% indicating inconsistency. A random effects 
model was used to calculate pooled ORs in the 
case of significant heterogeneity (P<0.10 or 
I2>50%), otherwise, a fixed-effects model was 
used.

Figure 1. Flow diagram showing the 
process of selection for meta-analysis.
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Furthermore, we conducted sensitivity analy-
ses by omitting one study in each turn to inves-
tigate the influence of a single study on the 
overall pooled estimate. To explore the possible 
source of heterogeneity and to examine the 
influence of various clinical factors on the over-
all risk estimate, we further carried out sub-
group analysis according to sample size (≤1000 
and >1000), pooled ORs (crude and adjusted 
ORs), and method of screening DVT (routine 
and non-routine sonography).

Potential publication bias was detected by 
Begg’s funnel plots, and P<0.05 was judged as 
statistically significant. All statistical analyses 
were performed using STATA, version 11.0 
(StataCorp, College Station, TX).

Results

Literature search results

The initial search yielded 84 relevant publica-
tions, of which 78 were excluded for duplicate 
studies and various reasons (reviews, letters, 
or not relevant to our analysis) on the basis of 
the title/abstract and full text (Figure 1). The 
remaining 6 cohort studies were included in the 
final analysis [4, 5, 8-11].

Study characteristics and methodological qual-
ity assessment

The main characteristics of the six included 
cohort studies are shown in Table 1. These 

Table 1. Main characteristics of cohort studies included in the meta-analysis

First author Publication 
year Country NOS 

score
Total 

patients

Patients 
with  

diabetes

Patients 
without 

diabetes
Methods of screening DVT

Meding [5] 2003 USA 7 3519 291 3228 Clinically screened and confirmed with Doppler ultrasonography

Bolognesi [9] 200 USA 7 458986 46044 412942 Not reported

Moon [10] 2008 Korea 6 342 171 171 Clinically screened and confirmed with Doppler ultrasonography

Adams [8] 2013 USA 8 40491 7567 32924 Clinically diagnosis and imaging study

Wang [11] 2013 China 7 245 53 192 Routine Duplex sonography examination

Zhao [4] 2014 China 7 358 70 288 Routine Duplex sonography examination
NOS, Newcastle-Ottawa Scale; DVT, deep vein thrombosis.

Figure 2. Forest plots showing the risk of deep vein thrombosis in patients with diabetes.
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studies were published between 2003 and 
2014. The average NOS score of the studies 
included was 7 (range from 6 to 8). One study 
[8] scored 8, 4 studies [4, 5, 9, 11] scored 7, 
and 1 study [10] scored 6. Overall, a total of 
503941 patients were included in this analysis. 
Among them, 54196 patients had diabetes and 
449745 patients had DVT.

Diabetes and the risk of DVT

Figure 2 shows the pooled results from the 
fixed-effects model combing the ORs for DVT. 
Pre-existing diabetes was associated with an 
increased risk of DVT in patients underwent 
total knee replacement (OR 1.36; 95% CI 1.07-
1.72; P=0.01), with moderate heterogeneity 

Table 2. Subgroup analyses for DVT
Subgroup No. of studies OR (95% CI) P value Q-test (P) I2 (%)
Total [4, 5, 8-11] 6 1.36 (1.07-1.72) 0.01 0.10 46.2
Sample size
    ≤1000 [4, 10, 11] 3 2.45 (1.49-4.04) <0.01 0.33 10.1
    >1000 [5, 8, 9] 3 1.15 (0.88-1.50) 0.32 0.95 0
Pooled ORs
    Crude ORs [5, 8, 10] 3 1.10 (0.79-1.53) 0.59 0.85 0
    Adjusted ORs [4, 9, 11] 3 1.95 (1.06-3.60) 0.03 0.06 64.5
Method of screening DVT
    Routine sonography [4, 11] 2 2.74 (1.63-4.60) <0.01 0.97 0
    Non-routine sonography [5, 8-10] 4 1.13 (0.87-1.48) 0.36 0.93 0
DVT, deep vein thrombosis.

Figure 3. Forest plots showing the risk of deep vein thrombosis in patients with diabetes after subgroup analysis 
according to the method of screening deep vein thrombosis.
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among the studies (I2=46.2; P=0.10). Further 
exclusion of some single studies altered the 
overall combined OR, with a range from 1.23 
(95% CI, 0.95-1.58) to 1.64 (95% CI, 0.94-
2.88). Table 2 shows the results of subgroup 
analyses for DVT. When patients were divided 
into two subgroups based on the method of 
screening DVT, there was no significant hetero-
geneity in each subgroup (Figure 3).

Publication bias

Assessment of publication bias using Begg’s 
test showed that no potential publication bias 
existed among the included studies (P=0.71, 
Figure 4).

Discussion

Diabetes has been proven to be a risk factor  
for poor functional outcome after total knee 
replacement [12-14]. However, to the best of 
our knowledge, whether pre-existing diabetes 
will predispose patients to the development of 
DVT remains unclear. The current meta-analy-
sis of cohort studies suggests that pre-existing 
diabetes was associated with an increased 
incidence of DVT after total knee replacement.

In this meta-analysis, we included only six 
cohort studies in an attempt to produce robust 
results. However, there was moderate hetero-
geneity among the studies, and the combined 
ORs changed essentially when some single 

phy, on the other hand, is more commonly used 
in clinical practice. As an examination with 
good sensitivity, Doppler ultrasonography is 
able to image thrombosis in most patients [16, 
17]. In the studies conducted by Zhao and 
Wang et al. [4, 11], the color Duplex sonography 
examination was routinely performed on the 
third and fourteenth day postoperatively. 
Thrombosis appearing either proximal or distal 
to the trifurcation of the popliteal vein were 
regarded as the incidence of DVT. In this way, 
the sensitivity of color Doppler examination in 
DVT would be significantly higher, and the 
results in the two studies might be more reli-
able. The pooled result in this subgroup showed 
that patients with diabetes have a higher 
chance to suffer DVT after total knee replace-
ment. In the other subgroup, some studies 
assessed only proximal DVT, excluding patients 
with calf muscular venous thrombosis; some 
studies screened DVT by clinical symptoms and 
confirmed it with Doppler ultrasonography, in 
which occasion, DVT might not be detected if 
patients were asymptomatic. As a result, there 
was a significant lower incidence of DVT in 
these studies. However, in this subgroup, there 
was still a trend that diabetes increases the 
incidence of DVT (OR=1.13). Larger sample 
sizes in these studies may make the result sta-
tistically significant.

Although pre-existing diabetes may increase 
the risk of DVT, the mechanism remains 
unclear. Virchow proposed that venous throm-

Figure 4. Begg’s funnel plot for the risk of deep vein thrombosis in patients 
with diabetes.

studies were excluded. Thus, 
we further conducted sub-
group analyses to seek the 
possible source of heteroge-
neity. When studies were 
divided into two groups by 
the methods of screening 
DVT, heterogeneity among 
the studies in each sub- 
group decreased significantly 
(I2=0), which means that the 
methods of screening DVT 
might contribute to the sig-
nificant heterogeneity, and 
affected the final result.

As we know, venography is 
the gold standard for detect-
ing DVT [15]. However, it is an 
invasive examination proce-
dure. Doppler ultrasonogra-
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bosis may be precipitated by three factors: 
venous stasis, increased coagulability of the 
blood, and damage to the vessel wall. Diabetes 
mellitus has been proven to be associated with 
endothelial damage, increased blood coagula-
bility, and decrease fibrinolysis function [18]. 
Raised concentrations of fibrinogen, von Wille- 
brand factor and other endothelium-derived 
mediators increase blood viscosity and pro-
mote platelet adhesion. Besides, fibrinolysis  
is impaired by raised concentrations of plas-
minogen activator inhibitor-1 and depressed 
concentrations of plasminogen activator. It is 
reported that diabetes could contribute to an 
increase of venous thromboembolisms [19] 
and cardiovascular events [20]. The increased 
risk of DVT in diabetic patients might be asso- 
ciated with this mechanism too.

Our findings are of clinical significance to some 
extent. Surgeons caring for total knee replace-
ment patients can not accurately determine 
which patient will develop DVT, because no 
markers have been found to predict it precisely 
so far. However, surgeons could roughly predict 
who was more likely to develop DVT according 
to the risk factors in individuals. Several risk 
factors have been found to be associated with 
the development of DVT, such as old age, obe-
sity, and smoking. In this study, diabetes is 
proven to be another risk factor. This requires 
surgeons to pay more attention to this popula-
tion at risk. Strategies to decrease the risk of 
DVT should be provided to these patients short-
ly after total knee replacement.

This study has several limitations. First, our 
analysis was based on only six cohort studies 
and some of them have a modest sample size. 
Compared to a review with a large sample size, 
our study is more likely to overestimate or 
underestimate the true results. Besides, there 
was considerable heterogeneity among the 
included studies. The country, lengths of follow-
up, and quality of study were varied among 
these studies. These factors might have an 
impact on our results. Third, not all the extract-
ed ORs are adjusted. Crude ORs calculated 
from univariate statistics could result in some 
bias.

Despite the limitations mentioned above, this 
study is clinically valuable to some extent. In 
summary, this meta-analysis of six cohort stud-
ies suggests that diabetes increase the risk of 

DVT in patients with total knee replacement. 
Surgeons should pay more attention to these 
patients in order to prevent the incidence of 
DVT as early as possible.
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