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Kidney function in metabolic syndrome may be improved with
Pycnogenol®

Aim. We investigated benefits of Pycnogenol® as an adjunct to
hypotensive medication in metabolic syndrome patients with
micro-albuminurea. 
Methods. Fifty eight patients were treated with Ramipril and
a subgroup received Pycnogenol in addition for six months.
Colour Doppler duplex ultrasound was employed for cortical
flow measurements. 
Results. Blood pressure decreased with Ramipril from 188.8/95.2
to 128.2/90.2, with additional Pycnogenol from 189.3/97.2 to
122.2/85.3 (P<0.05). Kidney function improved in both groups,
with 24 hour urinary albumin decreasing from 88.8 to 68.9 mg
with Ramipril and from 89.3 to 42.2 mg with additional
Pycnogenol (P<0.05). In both groups treatment lowered serum
creatinine, with combination treatment being significantly
more effective. Cortical flow velocities significantly increased
with Ramipril from systolic 17.2 ± 3.1 to 23.8 ± 2.0 cms-1 and dia-
stolic 4.2±2.8 to 2.0±3.1 cms-1. The addition of Pycnogenol was
more effective, improving cortical flow from systolic 18.2±2.2 to
27.2±2.9 cms-1 and diastolic 4.1±2.2 to 9.8±2.1 cms-1 (P>0.05).
C-reactive protein (CRP) levels decreased marginally with
Ramipril, but significantly with Pycnogenol from 2.17 to 1.62
mg/dL. Pycnogenol significantly lowered fasting blood gluco-
se to 102.3 ± 11.2 mg/mL and HbA1c to 6.9 ± 0.3 %. The
Pycnogenol group showed a significantly lowered BMI, from
baseline 26.5±0.9 to 25.0±1.2 kgm-2, without reaching statisti-
cal significance versus control. Only a limited improvement of
blood lipid profile was found in both groups. 
Conclusion. Pycnogenol should be further investigated for kid-
ney function. 
KEY WORDS: Kidney function tests - Metabolic syndrome -
Pycnogenol - Ramipril.

Pycnogenol® (trade mark of Horphag Research) is
an extract of French maritime pine bark (Pinus

pinaster Ait), standardised to 70±5% procyanidins in
accordance to United States Pharmacopeia (USP).
Further to the procyanidins the extract bears catechin,
taxifolin and a range of phenolic acids representing
cinnamic- and benzoic acid derivatives.1

Pycnogenol has been shown in human pharmaco-
logical as well as in clinical studies to have circulato-
ry and anti-inflammatory activities.2-4 The improvement
of endothelial function with Pycnogenol was shown to
decrease blood pressure in individuals with essential
hypertension.5, 6 These effects have been attributed to
vaso-dilatation which is associated with an improved
level of perfusion as previously shown in peripheral cir-
culation, the retina and the kidneys.7, 8

In individuals presenting with metabolic syndrome,
elevated systolic blood pressure and blood glucose
are the main factors related to the development of kid-
ney micro-albuminuria. One of the largest epidemio-
logical studies, the Australian Diabetes Obesity and
Lifestyle Study (Aus-Diab), clearly showed the inter-
action of both factors in the prevalence of micro-albu-
minuria.9 Whereas blood pressure is the major deter-
minant of micro-albuminuria, the glucose level is the
major determinant of renal insufficiency.10 In this
regard Pycnogenol may represent a potentially inter-
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esting adjunct to hypertensive medication in patients
with metabolic syndrome. Pycnogenol potently inhibits
α-glucosidase and was shown to dose-dependently
lower blood glucose in diabetic patients.6, 11 The latter
group by coincidence found a decreased urinary albu-
min after three month supplementation with Pycno-
genol using a semi-quantitative “dipstick” technique.
We previously described kidney-protective effects
with Pycnogenol in hypertensive subjects.7 The aim of
this study was to investigate kidney protective effects
of Pycnogenol taken as an adjunct to ACE-inhibitor
Ramipril in metabolic syndrome patients.

Materials and methods

For this study we recruited hypertensive patients
with diabetic syndrome who did not take any hypo-gly-
caemic medications. All patients gave their informed
consent in writing. Subjects could withdraw from the
study for any reason at any time.

As inclusion criteria, subjects had to present with
hypertension (>150/90 mmHg) without taking
hypotensive medication before participation in the tri-
al. Body mass index was required to be > 25 kgm-2, and
fasting blood glucose >100 mg/mL with HbA1c>7%.
Altered kidney function (plasma creatinine) was pre-
sent in all patients and was associated mainly to insuf-
ficient or incorrect treatment of hypertension and inad-
equate management of cardiovascular risk factors.
Patients present with elevated total cholesterol >200
mg/dL. Atherosclerosis (plaques with stenosis at the
fermoral or carotid bifurcation) or increase in intima
media thickness (IMT) was present in patients. 

All participants were instructed to follow a health-
ier lifestyle with dietary improvements (low sodium),
moderate exercise and effective management of risk
factors including body weight. 

Exclusion criteria were cases of kidney artery steno-
sis or kidney artery alterations. Patients with severe
chronic hyperglycaemia requiring medication were
excluded from this study. 

Treatment regimen

All patients started treatment with ACE-inhibitor
at inclusion under control of their general practition-
er. Only Ramipril was used in patients to standardise
treatment as much as possible. All patients received a
standard dosage of 5 mg Ramipril twice a day.

A subgroup of these patients was equipped with
sufficient Pycnogenol for daily supplementation.
Tablets with 50 mg Pycnogenol, manufactured by
GEFA (Chateaugiron, France) were taken three times
a day at approximately 8 am, 4 pm and 10 pm for a total
daily dosage of 150 mg Pycnogenol. 

Investigation of blood pressure, blood and urine spe-
cimen

Patients were investigated at baseline and after six
months of treatment. Fasting blood was drawn for
standard blood rheology and chemistry analysis.
Systolic and diastolic blood pressure and heart rate
were monitored in the morning. Twenty-four hour
urine was collected and investigated for albumin using
standard techniques. 

Cortical flow measurements using colour Doppler
Duplex ultrasound

Cortical flow measurements were carried out using
colour Doppler Duplex ultrasound as previously
described.7 After imaging the kidney with an anterior
approach in B-mode, the blood flow velocity of kidney
arteries was observed. Cortical flow was measured by
placing the sample volume cursor at the level of the
most external layer of the kidney, 1 cm from the edge
of the ultrasound image, opposite of the vessel entrance
into the organ. The flow imaging system, was used
only for positioning of the instrument. Then the instru-
ment was reversed to B-mode using gray scale imag-
ing and frame rate at a more efficient level. Blood flow
velocity and its components were measured at three lev-
els: at each of the two kidney poles and at the cortical
area opposite the vessel entrance into the kidney.
During this procedure taking 30 to 40 seconds patients
had to avoid any body movement. An average of three
measures each for systolic component, diastolic com-
ponent and an average diastolic to systolic component
were obtained, respectively. 

Statistical analysis

In view of the possible variability, especially of kid-
ney cortical flow, measurements were made in con-
trolled, standardised conditions to avoid variability
wherever possible. Consequently, measurements were
made 20 minutes after rest in supine position, before
11 am and at standard distance from drug intake. We
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included at least 20 participants for each study group
with at least 30% females included into each group. A
post-treatment flow velocity variation >5% and signs and
symptoms was considered significant (P<0.05) to define
improvement due to treatments of differences between
groups. The evaluation of kidney cortical flow, even in
standardized clinical/environmental and individual con-
ditions, cannot be considered statistically regularly dis-
tributed. Therefore, non-parametric statistic tests (Mann-
Whitney U-test and the analysis of the variance among
groups) were used in the final evaluation of treatment-
dependent statistical data. A separate group indepen-
dently conducted data collection and elaboration and
the final statistical analysis. The statistician was not
aware of the technical details of the study protocol.

Results

The two groups were comparable in view of gender
and age (Table I). All investigated metabolic syndrome
parameters as well as the manifestation of early kidney
function impairment was comparable in both groups
(Table II).

As expected with Ramipril medication the blood
pressure was substantially and significantly lowered
after six months as presented in Table II. Adding

Pycnogenol as an adjunct to the Angiotensin-
Converting-Enzyme (ACE)-inhibitor medication sig-
nificantly further lowered systolic and diastolic blood
pressure as compared to the group taking Ramipril
alone. While the average systolic and diastolic blood
pressure in the Ramipril group remained borderline
high (128.2/90.2 mmHg) the values in the group tak-
ing Pycnogenol in addition to the ACE-inhibitor pre-
sented essentially normal blood pressure values.
Noteworthy is the diastolic pressure achieved in this
group of 85.3 mmHg, which is well below the thresh-
old of 90 mmHg. The heart rate was lowered in both
significantly compared to baseline values, though there
was no difference between the groups. 

The total cholesterol as well as the HDL values
improved in both groups significantly which may be
attributed largely to the healthier diet proposed to
patients. There was no significant difference between
the two groups (Table II).

Both the fasting blood glucose as well as the HbA1c
levels significantly decreased in both groups after six
months of treatment (Table II). Compared to Ramipril
alone the addition of Pycnogenol significantly further
lowered fasting blood glucose and allowed to reach
normal HbA1c levels below 7% (P<0.05). The aver-
age Body Mass Index (BMI) did not change in the
group taking Ramipril only. The group taking
Pycnogenol presented with a 5.7% decreased BMI
after six months, which was significant compared to
baseline values. However, with an average BMI value
of 25.8 kgm-2 they were still overweight. Also the
decreased BMI in the Pycnogenol group did not reach
statistical significance versus the parallel group. 

The kidney function improved in both groups as
judged by a significant reduction of urinary albumin col-

TABLE I.—Patient demographics.

Total number Male to Age±SD
completed female ratio (years)

Ramipril only 27 15+12 58.2±8.3
Ramipril plus Pycnogenol® 31 16+15 59.1±8.2

TABLE II.—Variation in blood pressure, heart rate, body mass index, urinary albumin, blood sugar and cholesterol. The asterisk indicates
statistical significant changes compared to baseline, the double dagger indicates statistical significant between groups after six months
treatment.

Ramipril only Ramipril + Pycnogenol
p<0.05

Baseline 6 months Baseline 6 months

systolic BP [mmHg] 188.8±9.3 128.2±6.9 * 189.3±11.3 122.2±7.3 * ‡
diastolic BP  [mmHg] 95.2±6.2 90.2±6.0 * 97.2±6.3 85.3±5.1 * ‡
heart rate [s-1] 88.9±9.3 75.3±6.1 * 89.1±7.2 74.2±5.2 * NS
fasting glucose  [mg/mL] 138.2±12.1 109.2±10.2* 135.6±13.2 102.3±11.2* ‡
HbA1c  [% of Hb] 7.9±0.4 7.4±0.5 * 7.8±0.5 6.9±0.3 * ‡
BMI  [kgm-2] 26.6±1.4 26.5±1.0 26.5±0.9 25.0±1.2 * NS
total cholesterol  [mg/dL] 238.7±20.3 198.8±21.3* 236.2±22.2 193.3±20.2* NS
HDL  [mg/dL] 43.3 (5.2) 45.1 (5.2) * 43.8 (3.9) 46.3 (3.8) * NS
urinary albumin  [mg/24h] 88.8±10.1 68.9±11.8 * 89.3±15.2 42.2±10.8 * ‡
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lected over 24 hours (Table II). With Ramipril alone uri-
nary albumin decreased by 22% after six month treat-
ment. The addition of Pycnogenol to the ACE-inhibitor
decreased urinary albumin by 52.7%, which was sta-
tistically significant versus medication alone (P<0.05).
However, both groups did not reach the threshold val-
ue of 30 mg albumin collected per 24 hours.

The cortical flow velocities were significantly high-
er after treatment with Ramipril (Table III), with dias-
tolic flow almost doubled. The group taking
Pycnogenol in addition to the ACE inhibitor showed
significantly higher velocities for both diastolic
(+19.5%) and systolic (+14%) flow. The diastolic com-
ponent, the ratio of diastolic to systolic flow velocity
expressed as percentage, significantly increased in
both groups compared to baseline. The diastolic com-
ponent with combination treatment was found to be sig-
nificantly higher than with Ramipril alone.

An improved glomerular filtration rate is suggested
from lowered serum creatinine levels, which were
moderately elevated at baseline. In both groups serum
creatinine decreased significantly compared to base-
line values (Table IV). The values in response to com-

bination treatment were significantly lower than with
Ramipril alone.

The plasma C-reactive protein levels were moder-
ately elevated in our patients with values above 2
mg/dL. No significant change was found in the group
taking Ramipril, whereas the group taking Pycnogenol
showed a statistical significantly lowered CRP level
(1.62 mg/dL) compared to Ramipril alone. Fibrinogen
levels significantly decreased in both groups com-
pared to baseline. The values for combination treatment
were significantly lower than with Ramipril alone.

Parameters for blood rheology and liver enzymes
were within healthy ranges in both groups. Clotting
factors appear to be unaltered as International
Normalized Ration (INR) did not change. No adverse
effects occurred during the trial and tolerance was
very good. 

Discussion

Kidney protection is a very important issue in
advanced hypertension management and treatment.

TABLE III.—Variations in kidney cortical flow velocity measured by colour duplex Doppler. The diastolic component depicts the ratio of median
diastolic flow to systolic flow velocity presented as percentage (x100). These percentage values are given as median and range of patients
in the two groups.

Ramipril only Ramipril + Pycnogenol
p<0.05

Baseline 6 months Baseline 6 months

Systolic flow [cm/s] 17.2±3.1 23.8±2.0 * 18.2±2.2 27.2±2.9 * ‡
Diastolic flow [cm/s] 4.2±2.8 8.2±2.0 * 4.1±2.2 9.8±2.1 * ‡
Diastolic component [%] 24.4 (12-29) 34.5 (21-44)* 22.5 (11-29) 36.0 (23-52)* ‡

TABLE IV.—Variation in parameters of blood rheology, blood chemistry and liver enzymes. The asterisk indicates statistical significant
changes compared to baseline, the double dagger indicates statistical significant between groups after six months treatment.

Ramipril only Ramipril + Pycnogenol
p<0.05

Baseline 6 months Baseline 6 months

ALAT   [U/L] 46.2±7.7 45.2±3.1 47.8±3.3 46.3±3.2 NS
ASAT   [GOT] 45.3±10.2 45.8±3.5 46.2±9.3 44.3±6.1 NS
GAMMA GT   [U/L] 66.3±8.2 68.3±6.1 68.8±3.2 67.2±8.2 NS
Alk. phosph.  [U/L] 59.8±12.1 59.3±6.2 58.7±3.2 58.3±4.3 NS
Ser. creatinine [mg/dL] 1.73±2.2 1.42±0.5 * 1.83±2.6 1.25±0.6 * ‡
Erythrocytes  [x1012/L] 4.90±0.29 4.93±0.31 4.91±0.33 4.88±0.22 NS
Leukocytes [x109/L] 5.6±1.3 5.4±1.2 5.5±1.4 5.4±1.1 NS
Platelets [x109/L] 263±23 266±21 260±22 262±82 NS
Fibrinogen [mg/dL] 563.3±42.2 462.3±46.2* 568.6±39.2 426.2±37.8* ‡
CRP [mg/dL] 2.21±0.3 2.13±0.31 2.17±0.31 1.62±0.22 * ‡
INR [ratio] 1.1±0.2 1.07±0.3 1.08±0.2 1.06±0.2 NS
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Hypertension and kidney flow alterations are inter-
related as hypertension may be both a consequence
of reduced kidney perfusion as well as a cause of vaso-
spasm and decreased flow and perfusion. Traditional
cardiovascular risk factors, including advanced age,
diabetes mellitus, hypertension and dyslipidemia, have
an important role in the progression of cardiovascular
disease in patients who have a reduced glomerular fil-
tration rate, especially in those with mild-to-moderate
kidney disease.12 Kidney disease related to metabolic
syndrome represents a growing public health prob-
lem especially in certain ethnic groups.13-14

We have shown in a previous study that using the
nutritional supplement Pycnogenol as an adjunct to
ACE-inhibitor may further improve kidney flow and
kidney function.7 Furthermore, another group has
recently described lowered urinary albumine in hyper-
tensive type II diabetic patients after three month sup-
plementation of Pycnogenol.6 This group described
better blood pressure and blood glucose control.
Indeed, Pycnogenol offers an interesting pharmaco-
logical profile for cardiovascular risk factors as it was
described to improve endothelial function and conse-
quently reduce hypertension.2, 5, 15 We have previous-
ly described anti-edema effects of Pycnogenol in hyper-
tensive patients on medication with ACE-inhibitors
or calcium channel blocker nifedipine.16 In the study
presented here we found a further lowered blood pres-
sure with Pycnogenol taken in addition to ACE-
inhibitor. This is in congruence with earlier studies
showing further blood pressure lowering with
Pycnogenol taken in addition to ACE-inhibitors or
calcium channel blocker.6, 7, 15

In this study we investigated in detail the effects of
Pycnogenol in metabolic syndrome patients presenting
with early manifestations of kidney problems. Patients
with metabolic syndrome live at a particular risk of
progressively deteriorating kidney function because
of the large number of cardio-vascular risk factors
involved. Our study shows that Pycnogenol is effective
for better hypertension control in patients with meta-
bolic syndrome. Pycnogenol taken in addition to ACE-
inhibitor significantly further lowered diastolic and
systolic blood pressure. More importantly our study
demonstrates significant kidney protective benefits
with lowered urinary albumin and serum creatinine.
The clustering of various cardiovascular risk factors
in metabolic syndrome patients with kidney disease is
described to coincide with elevated blood CRP lev-

els.17 The CRP levels in our patients were only mod-
erately elevated with in average 2.2 mg/dL. The CRP
level was only lowered in Pycnogenol-treated subjects
which may results from the general anti-inflammato-
ry activity shown for this extract in human pharmaco-
logical studies, as well as in other pathologies such as
osteoarthritis.3, 4, 18 We speculate, however, that the
overall improvement of cardiovascular risk factors and
kidney function found for the combination of
Pycnogenol with standard ACE-inhibitor in conse-
quence decreased pro-inflammatory stimuli. 

Hypertension and kidney flow alterations are close-
ly inter-related as hypertension may be both a con-
sequence of a reduction in kidney perfusion but also
cause vaso-spasms and decreased flow and perfu-
sion.7, 19 In our study Pycnogenol led to a remark-
able improvement of cortical kidney flow and per-
fusion, especially in view of the relatively short peri-
od of six months. 

Although the occurrence of renal complications is
relatively common, it may usually be effectively coun-
teracted by a good timely management of hypertension
and hyperglycemia to avoid passages to more advanced
stages. Further to the amelioration of endothelial func-
tion, Pycnogenol showed a significant blood glucose
lowering effect in our study. The hypoglycaemic effect
of Pycnogenol has been attributed to the high molec-
ular weight procyanidins present in the extract which
potently inhibit alpha-glucosidase.20 Pycnogenol has
been demonstrated in previous studies to dose-depen-
dently and significantly lower fasting and post-pran-
dial blood glucose in diabetic patients, also those on
hypo-glycaemic treatment with sulfonylurea and/or
metformin or thiazolidinediones.6, 11, 21 An interest-
ing, though coincidental finding of our study is the
significant reduction of body mass index in the
Pycnogenol treated group versus baseline values. This
may be a result of the alpha-glucosidase inhibition as
this may prolong satiety and in consequence allow for
decreased total caloric intake. In essence α-glucosidase
inhibition resembles a low-glycaemic index which
was recently suggested to contribute for controlling
caloric intake.22 However, the decreased BMI found for
the Pycnogenol group did not reach significance ver-
sus the parallel group.

This preliminary evaluation suggests valuable effects
with Pycnogenol for individuals with metabolic syn-
drome especially for kidney-protection. The benefits
shown here should be investigated in a larger trial with
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a longer duration as treatment options for chronic kid-
ney problems are limited. Pycnogenol may represent
a valuable tool for people affected. 
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