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Aim. To characterize the plasma levels of vascular endothelial growth factor (VEGF) in type 1 diabetes mellitus (T1D) and its
relation to both present and historical metabolic control and microvascular complications. Methods. Plasma levels of VEGF and
routine clinical parameters were analyzed in 115 patients with long-standing T1D and 45 healthy controls (HC). All patients were
under clinical routine diabetes treatment at Uppsala University Hospital. Results. The plasma levels of VEGF were increased by
37% in patients with T1D when compared to HC (18.2 ± 0.8 versus 13.2 ± 1.0 pg/ml, 𝑝 < 0.001). The levels of VEGF correlated
to insulin needs and BMI but not to present or historical metabolic control. The levels of VEGF were similar in patients with
T1D and microvascular complications (microalbuminuria and retinopathy) when compared with patients without microvascular
complications. Historical HbA1c levels were found to be the best predictor for present metabolic control. Conclusion. Circulating
plasma levels of VEGF do not correlate to present or historicalmetabolic control in long-standing T1D and the levels are not affected
by the presence of microvascular complications.

1. Introduction

Type 1 diabetes mellitus (T1D) is one of the most common
chronic diseases in children and young adults in the western
world. Despite modern insulin treatment T1D is associa-
ted with a number of chronic complications and the life exp-
ectancy of patients with T1D is reduced bymore than 10 years
[1]. In the Diabetes Control and Complications Trial (DCCT)
a link between glycemic control and the risk of diabetic
complications was established [2]. In a recent publication
from the original DCCT it was reported that the T1D patients
who received intensive insulin treatment during the 6.5 years
of the trial still had a reduced risk of complications 30 years
later [3]. It therefore becomes obvious that not only the
present glycemic control but also the historical metabolic
control is of great importance for the development of micro-
and macrovascular complications. In previous studies of
patients treated under routine diabetes care the historical
HbA1c levels have been shown to be associated with both

the development of and progression of nephropathy and
retinopathy [4]. Most of the complications in T1D are related
to negative effects on the vascular system due to hyper-
glycemia although the exact underlying mechanisms are not
fully understood.Themost common diabetic complication is
retinopathy and already after seven years of disease duration
50% of T1D patients display retinopathy to some extent [5].
However, one of the most feared complications is diabetic
nephropathy since it can lead to end-stage renal failure which
requires dialysis or renal transplantation [6].

Vascular endothelial growth factor (VEGF) was first
found to be secreted from tumor cells and described as “vas-
cular permeability factor” due to the increased permeability
of vessels in animals bearing ascites tumors [7]. VEGF has
since then been extensively studied in the field of tumor
biology but also in other pathological conditions due to
its importance in normal physiology [8]. In experimental
studies of diabetes hyperglycemia has been shown to induce
vascular hyperpermeability and increase blood flow, but these
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effects can be ameliorated by blocking VEGF via neutralizing
antibodies [9]. In addition, it has been demonstrated in
a number of experimental studies that increased levels of
glucose increase both the gene expression andprotein content
of VEGF in vascular smooth muscle cells [10, 11] and retinal
epithelial cells [12]. VEGF has, in a number of reports, also
been proposed to correlate to microvascular complications,
such as nephropathy and retinopathy [13–18] in patients with
T1D. The circulating levels of VEGF have been reported to
be increased in patients with T1D when compared to healthy
controls [14, 17]. Moreover, a positive correlation between the
average HbA1c levels of the most recent year and the levels
of VEGF has been reported [14]. However, there have to the
best of our knowledge been no reports on the importance of
VEGF and historical metabolic control and the association
with microvascular complications.

2. Study Participants, Materials, and Methods

The study was approved by the regional ethical board of
Uppsala County and conducted in accordance with the
declaration of Helsinki as revised 2000. All study participants
were given oral and written information and signed a consent
form before inclusion. In total 115 patients with T1D, all
with >10 years of disease duration, and 45 healthy controls
(HC) were included. There were no differences in age,
BMI, or gender distribution between the two groups, for
descriptive data (Table 1). All patients were under treatment
and continuous standard routine diabetes care at Uppsala
University Hospital. All blood samples were collected under
standardized conditions after overnight fasting. Plasma was
separated by centrifugation of EDTA-tubes and immediately
frozen and stored at −80∘C. The samples were not thawed
prior to analysis. VEGF was analyzed in plasma by mesoscale
(Meso Scale Diagnostics, Rockville, MA) according to the
manufacturer’s protocol. All other biochemical parameters
were analyzed according to the clinical routine at the central
clinical laboratory of Uppsala University Hospital. Microal-
buminuria was defined as urine albumin > 30mg/l but <
300mg/l. Estimated glomerular filtration rate (GFR) was
calculated based on creatinine levels, age, and gender using
the Modification of Diet in Renal Disease (MDRD) formula
[19]. Clinical parameters were assessed on the same day as
blood sampling. Historical clinical data for T1D patients were
retrieved from patient journals and the Swedish National
Diabetes Registry (NDR). Average historical HbA1c levels
were calculated as a mean over the last 10 years. Screening
for retinopathy was performed within the last 12 months.

Statistical analysis was performed using Graph Pad Prism
version 6.03. An unpaired two-tailed 𝑡-test based on ranks
(Mann–Whitney) was used to compare differences between
two groups for data that were not normally distributed and
a two-tailed unpaired Student’s 𝑡-test was used for normally
distributed data. Normality distribution was determined
using D’Agostino-Pearson Omnibus normality test. All cor-
relations were calculated using nonparametric Spearman
correlation since the levels of VEGF were not normally
distributed. All 𝑝 values <0.05 were considered statistically
significant. All values are given as means ± SEM.

Table 1: Descriptive data for all study participants. The healthy
controls and patients with type 1 diabetes (T1D) were matched
regarding age, gender distribution, and BMI. The fasting levels of
plasma glucose and HbA1c were, as expected, increased in the T1D
patients. All values are given as mean ± SEM. An unpaired two-
tailed 𝑡-test based on ranks (Mann–Whitney) was used to compare
differences between the two groups for data that were not normally
distributed (a) and a two-tailed unpaired student’s 𝑡-test was used
for normally distributed data (b).

Parameter Healthy
controls

Type 1
diabetes 𝑝 value

Total number, 𝑛 45 115
Male, 𝑛 (%) 20 (44%) 50 (43%)
Age (years) 37.4 ± 2.7 40.2 ± 1.5 Ns (a)
Age of onset (years) N/A 14.6 ± 0.8 N/A
Disease duration
(years) N/A 25.6 ± 1.3 N/A

BMI (kg/m2) 25.5 ± 0.9 25 ± 0.3 Ns (a)
Fasting p-glucose
(mmol/l) 5.5 ± 0.1 10.8 ± 0.5 <0.0001 (a)

HbA1c (mmol/mol,
%)

35.9 ± 0.8
(5.4 ± 0.07%)

62.3 ± 1.1
(7.9 ± 0.1%) <0.0001 (a)

P-cholesterol
(mmol/l) 5.3 ± 0.3 4.7 ± 0.1 Ns (a)

P-HDL cholesterol
(mmol/l) 1.4 ± 0.06 1.5 ± 0.04 Ns (b)

P-LDL cholesterol
(mmol/l) 3.3 ± 0.2 2.6 ± 0.08 <0.001 (b)

P-triglycerides
(mmol/l) 1.3 ± 0.1 1.0 ± 0.05 Ns (a)

P-creatinine (𝜇mol/l) 75.1 ± 2.1 78 ± 2.4 Ns (a)
Estimated GFR
(ml/min) 91.2 ± 3.4 92.8 ± 2.2 Ns (b)

3. Results

The plasma levels of VEGF were increased by 37% in patients
with T1D when compared to HC (18.2 ± 0.8 versus 13.2 ±
1.0 pg/ml, 𝑝 < 0.001) (Figure 1(a)). The levels of VEGF did
not correlate to blood glucose levels (𝑝 = 0.38), present
HbA1c levels (𝑝 = 0.37), or average historical HbA1c levels
(𝑝 = 0.75) in patients with T1D (Figures 1(b)–1(d)). How-
ever, a strong positive correlation was observed between the
present and average historical HbA1c levels (𝑟 = 0.86, 𝑝 <
0.0001) (Figure 1(e)), which was also observed for the present
and historical 5-year value (𝑟 = 0.52, 𝑝 < 0.0001). There was
a positive correlation between levels of VEGF and total insu-
lin doses (U/24 h) (𝑝 < 0.01, 𝑟 = 0.27) and insulin doses corr-
ected for body weight (U × 24 h−1 × kg−1) (𝑝 < 0.05, 𝑟 = 0.22)
(Figures 2(a) and 2(b)). Measures of kidney function (cre-
atinine and glomerular filtration rate (GFR)) did not corr-
elate to the levels of VEGF (data not shown).There was a ten-
dency towards a positive correlation between levels of VEGF
and body weight (𝑝 = 0.0501) and a positive correlation to
BMI (𝑝 < 0.05, 𝑟 = 0.22) in subjects with T1D. The levels of
VEGF did not correlate with age, age at onset of T1D, or
disease duration (data not shown). Among the subjects with
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Figure 1: Increased levels of plasma VEGF in type 1 diabetes do not correlate to metabolic control. (a) The circulating levels of VEGF in
plasma were increased in patients with long-standing (>10 years) type 1 diabetes (T1D, 𝑛 = 115) when compared to matched healthy controls
(HC, 𝑛 = 45). In T1D patients there was no correlation between the plasma levels of VEGF and fasting plasma glucose (b), present HbA1c
levels (c), or the average historical HbA1c levels from the last 10 years (d). However, there was a positive correlation between average historical
and present metabolic control (e). An unpaired two-tailed 𝑡-test based on ranks (Mann–Whitney) was applied in (a) since VEGF was not
normally distributed. Values are given as mean ± SEM. All correlations were calculated using nonparametric Spearman correlation. ∗ ∗ ∗
denotes 𝑝 < 0.001.
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Figure 2: Plasma levels of VEGF correlate to exogenous insulin needs in patients with type 1 diabetes. The circulating plasma levels of VEGF
were correlated to both the total exogenous insulin doses (a) and exogenous insulin doses adjusted for body weight (b) in patients with
long-standing (>10 years) T1D (𝑛 = 115). Correlations were calculated using nonparametric Spearman correlation.

MicroalbuminuriaNonmicroalbuminuria
0

10

20

30

40

50

60

V
EG

F 
(p

g/
m

l)

(a)
RetinopathyNonretinopathy

0

10

20

30

40

50

60
V

EG
F 

(p
g/

m
l)

(b)

Figure 3:The levels of plasma VEGF are similar in patients with type 1 diabetes andmicrovascular complications when compared to patients
without complications. Among the patients with T1D (𝑛 = 115), 𝑛 = 17 had microalbuminuria (defined as urine albumin between 30 and
300mg/l) but the levels of plasma VEGF were similar as compared to patients without microalbuminuria (a). Also, patients with retinopathy
(𝑛 = 81) had similar levels of plasma VEGFwhen compared to patients with a normal eye exam. An unpaired two-tailed 𝑡-test based on ranks
(Mann–Whitney) was applied in (a) since VEGF was not normally distributed. Values are given as mean ± SEM.

T1D there was no difference in the levels of VEGF between
men and women (𝑝 = 0.64).

Out of the total 115 patients with T1D, 𝑛 = 17 (15%) had
microalbuminuria. However, there was no difference in the
plasma levels of VEGF (17 ± 2.2 versus 18.4 ± 0.8 pg/ml, 𝑝 =
0.29) between the two groups (Figure 3(a)). In fact, the levels
of VEGF in patients with microalbuminuria were similar
to those in HC (17 ± 2.2 versus 13.2 ± 1.0 pg/ml, 𝑝 =
0.12). Interestingly, the total insulin doses were lower (42 ± 5
versus 49 ± 2U/24 h, 𝑝 < 0.05) among the patients with
microalbuminuria, which was also true when the insulin
doses were corrected for body weight (0.54 ± 0.05 versus
0.66 ± 0.03U × 24 h−1 × kg−1, 𝑝 < 0.01). The present (64±
3 versus 62 ± 1mmol/mol (8 ± 0.3 versus 7.8 ± 0.1%), 𝑝 =
0.36) and historical HbA1c levels (67 ± 1 versus 64 ±
1mmol/mol (8.3 ± 0.1 versus 8.0 ± 0.1%), 𝑝 = 0.14) were

similar between the two groups. Creatinine and GFR did not
differ between the two groups (data not shown). However, the
systolic blood pressure was increased in patients with T1D
and microalbuminuria (131 ± 3.3 versus 121 ± 1.3mmHg,
𝑝 < 0.01).

The majority of the patients with T1D had retinopathy
(𝑛 = 81, 70%) but there was no difference in plasma levels
of VEGF when compared with patients without retinopathy
(17.8±0.9 versus 19.0±1.7 pg/ml,𝑝 = 0.82) (Figure 3(b)).The
levels of VEGF were however increased when compared with
HC (17.8 ± 0.9 versus 13.2 ± 1.0 pg/ml, 𝑝 = 0.0003). As for
microalbuminuria the insulin needs were lower in patients
with retinopathy as compared to those without retinopathy,
both when expressed as total insulin doses (45 ± 2 versus
53 ± 4 U/24 h, 𝑝 < 0.05) and when corrected for body
weight (0.58 ± 0.02 versus 0.78 ± 0.06U × 24 h−1 × kg−1,
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𝑝 < 0.001). There was no difference in the present (63 ± 1
versus 60±2mmol/mol (7.9±0.1 versus 7.6±0.2%),𝑝 = 0.20)
or historical HbA1c levels (66 ± 1 versus 62 ± 2mmol/mol
(8.2 ± 0.1 versus 7.8 ± 0.2%), 𝑝 = 0.13). The mean systolic
blood pressure was higher, although within the treatment
range, in patients with T1D and retinopathy (124 ± 1 versus
118 ± 2mmHg, 𝑝 = 0.025).

Sixteen patients with T1D (14%) had both microalbu-
minuria and retinopathy, whereas 29 (25%) had neither
microalbuminuria nor retinopathy. Even when comparing
the plasma levels of VEGF between these two groups no
difference was observed (17.1 ± 2.3 versus 18.6 ± 1.9 pg/ml,
𝑝 = 0.55).

4. Discussion

In line with previous reports [14, 17] we found that the
circulating levels of VEGF are increased in patients with T1D
when compared to HC. In contrast to previous reports [14,
16], we did not observe any correlation between the present
HbA1c levels and VEGF. However, in most previous reports
VEGF have been analyzed in serum [14–17]. The major
difference between plasma and serum is the contribution of
VEGF released from platelets and leukocytes in serum. The
many pitfalls associated with analyzing circulating VEGF are
described in a review by Jelkmann and the overall conclusion
is that VEGF should be analyzed in plasma [20]. Also, the use
of anticoagulant when collecting the plasma can affect the
results [21, 22]. In addition, not only the anticoagulant but
also the analyzing center, centrifuge, and analyzing method
have been found to be independent confounders for the
measurement of circulating plasma levels of VEGF [22].With
that in mind it is therefore difficult to compare different
studies reporting on circulating levels of VEGF since there are
so many aspects that can influence the results. In addition,
it should be noted that both the studies by Chiarelli et al.
[14] and Seckin et al. [16] were performed in a pediatric
population of patients with a shorter disease duration (two
years). Despite the known impact of historical metabolic
control on diabetic complications [3], we did not observe any
correlation between levels of VEGF and average historical
HbA1c levels. Nor when correlations were calculated for
single HbA1c levels from each year over the last 10 years
was any correlation observed (data not shown). Our study
material consists of patients under routine clinical diabetes
care without any specific interventions strategy and we
observed, as expected, that the best predictor for present
HbA1c levels was the average historical HbA1c levels. In fact,
it has previously been shown in a study of more than 600 T1D
patients that even after an intensified insulin treatment and
structured patient education the historic HbA1c level is one
of the best predictors for long term metabolic control [23].

Interestingly, we found that the levels of VEGF were
positively correlated to insulin requirements in patients with
T1D. However, we found no correlation to current plasma
glucose levels. Previous studies have shown that the plasma
levels of VEGF are not acutely affected by blood glucose
levels or exogenous insulin infusion [24]. However, the
expression ofVEGF in vascular smoothmuscle cells increases

in response to increased levels of glucose [10, 11]. In vascular
smooth muscle cells isolated from both humans and insulin
sensitive rats it has been demonstrated that insulin also
increases the secretion of VEGF [25]. However, in vascular
smooth muscle cells from insulin resistant rats the VEGF
response to insulin was blunted [25].We also found a positive
correlation between the levels of VEGF and BMI for patients
with T1D. Among the patients with T1D in our study only 𝑛 =
11 had a BMI≥ 30 kg/m2 (i.e., fulfilled the criteria for obesity)
and 𝑛 = 40 had a BMI of 25–30 kg/m2 (i.e., were overweight)
whereas the remaining 𝑛 = 64 had a normal BMI.The insulin
needs (U× 24 h−1 × kg−1) were similar in all BMI groups (data
not shown) which suggest a normal insulin sensitivity in all
patients. A link between VEGF and visceral fat accumulation
and BMI has previously been described among overweight
and obese, but otherwise healthy, individuals [26]. Based on
our data and previously published data it seems as if the
increased levels of VEGF in T1D can at least in part be
explained by increased secretion rates from vascular smooth
muscle cells as a response to exogenous insulin stimulation.

We did not observe any difference in plasma VEGF levels
when comparing patients with T1D and microalbuminuria
to those without microalbuminuria. In a previous report it
has been shown that the plasma levels of VEGF are increased
in men, but not women, with T1D and nephropathy [13]. In
our study we could not observe any difference in the levels
of VEGF between men and women with T1D. Since this
is a cross-sectional study, we cannot exclude the possibility
that the levels of VEGF were increased prior to onset of
microalbuminuria. In a prospective study in pediatric T1D
patients it was observed that higher serum levels of VEGF
were associated with an increased risk of developingmicroal-
buminuria [15]. Furthermore, in a preclinical study it was
demonstrated that overexpression of VEGF in the glomeruli
leads to hypertrophy, progressive proteinuria, and decreasing
GFR [27]. However, the circulating plasma levels of VEGF
were unaltered suggesting that it is the local concentrations
of VEGF that are of importance for disease development.

We found that the levels of VEGF were similar in patients
withT1D and retinopathywhen compared to patientswithout
retinopathy. This is in line with a previous report of plasma
levels of VEGF in patients with retinopathy [28] whereas
a previous study in a pediatric population showed that the
serum levels of VEGF are increased in patients with T1D
and retinopathy [17]. Although, it should be noted that in
the study by Myśliwiec et al. the patients with retinopathy
had a longer disease duration and increased HbA1c levels
[17]. In addition, we found that the levels of VEGF were
similar in patients with T1D and both microalbuminuria and
retinopathy when compared to patients without any of these
complications.

In summary, we report on increased circulating plasma
levels of VEGF in patients with T1D. However, the plasma
levels of VEGF do not correlate to either present or historical
metabolic control. The circulating plasma levels of VEGF
were found to be similar in patients with andwithout diabetic
microvascular complications.
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