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Abstract Obesity-associated microvascular dysfunction
(MVD) involves different body tissues, including skin, and
concurs to increased cardiovascular risk in obese patients
(Ob-P). Generalized improvement of MVD is an important
goal in obesity treatment. Since skin MVD mirrors general-
ized systemic MVD, skin microvascular investigation in
prospective studies in Ob-P may surrogate microvascular
investigation in organs more important for cardiovascular
risk of the studied patients. In this prospective study, we
measured forearm skin post-occlusive reactive hyperaemia
(PORH), as percentage flow increase from baseline, and skin
vasomotion in 37 Ob-P before Roux-en-Y gastric bypass
(RYGB), and in 24 of them about 1 year after RYGB, using
laser Doppler flowmetry (LDF). The spectral contribution of
skin LDF signal oscillations in the frequency intervals of
0.01-0.02 Hz, 0.02-0.06 Hz, and 0.06-0.2 Hz—
corresponding to endothelial-, sympathetic-, and myogenic-
dependent vasomotion, respectively, was measured by
means of spectral Fourier analysis. The same measurements
were also performed in 28 healthy, lean subjects (HLS).
Before RYGB, Ob-P had a significant reduction in PORH
and in the all vasomotion parameters investigated, compared
with HLS. After RYGB, Ob-P who completed the follow-up,
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had a significant weight loss (~40 kg on average), together
with a full normalisation in PORH and in vasomotion
parameters, regardless of diabetes status. Surgically induced
sustained weight loss resulted in full normalisation of skin
microvascolar function in Ob-P about 1 year after RYGB.
This result suggests a beneficial effect of sustained weight
loss on generalized MVD of the studied Ob-P.
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Introduction

Obesity carries a high cardiovascular risk [1, 2]. Recently, a
number of experimental and laboratory findings indicate
that obesity is associated with microvascular dysfunction
[3-5], which includes impaired vasodilator function of
resistance vessels, reduced recruitment of capillaries during
hyperaemia [3], impaired microvascular endothelial func-
tion [3, 5], and reduced vasomotion [6]. Obesity-associated
microvascular dysfunction may compromise oxygen and
nutrient supply to body tissues and concur to the charac-
teristic high cardiovascular risk of obese patients. Further-
more, some authors suggest that microvascular dysfunction
may contribute to arterial hypertension [3] and insulin
resistance [3, 4, 7], which importantly concur to increased
cardiovascular risk in obese patients. Indeed, improvement
of generalized microvascular dysfunction of obese patients
is considered an important goal in the treatment of obesity.
In spite of this, the majority of studies that investigated the
effect of weight loss on vascular system in obese patients
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were focused on conduit arteries [8—10]. Only one recent
study in obese patients [11] investigated the effect of
surgically induced weight loss on endothelial-dependent
and endothelial-independent vasodilator response at the
level of skeletal muscle microcirculation.

Recently, skin microcirculation has emerged as an acces-
sible and potentially representative vascular bed to examine
the mechanisms of microcirculatory function and dysfunction
[12]. Pathology-induced skin microvascular dysfunction
(including impaired vasodilator function and reduced vaso-
motion) is evident in the skin microcirculation [13—15], and
it has been suggested to mirror generalized systemic
microvascular dysfunction in magnitude and underlying
mechanisms [12, 16]. Therefore, investigation of skin
microcirculation in prospective studies involving obese
patients may surrogate the study of microvascular function
in other body tissues, such as the myocardium, which are
more important for the cardiovascular risk of obese patients.

Thus, the aim of this prospective study was to
investigate the long-term (1 year) effect of weight loss
induced by Roux-en-Y gastric bypass (RYGB) on skin
vasodilator function and on skin vasomotion in morbidly
obese patients in order to argue its impact on the overall
microvasculature of the investigated patients.

Materials and Methods
Study Design and Subjects

In this prospective study, we planned to involve severely
obese subjects consecutively selected from January 2008 to
June 2008, from patients who attended our Department.
Patients were selected on the basis of the following criteria:
to be candidate to RYGB in the following 3 weeks from the
recruitment, aged between 30 and 60 years, BMI>40 kg/m?,
with or without associated comorbility such as hyperten-
sion, type 2 diabetes, dyslipidemia, or obstructive sleep
apnea syndrome.

Obese patients were grouped as diabetic or non-diabetic
based on ADA criteria [17]. Diabetic subjects who were not
taking insulin were considered to have type 2 diabetes
(T2DM), as well as insulin-taking diabetic subjects whose
age of diabetes onset was >40 years. Subjects with a history
of alcohol abuse, end-stage renal disease, cardiac failure,
HVB or HCV chronic hepatitis, thyroid disease, or on
thyroid supplementation were excluded from the study.

Healthy non-obese subjects were also recruited as a
control group.

Recruited patients underwent laser Doppler flowmetry
(LDF) and laboratory tests 2 weeks before RYGB. Control
subjects underwent the same tests in the day after their
recruitment in the study. Obese recruited patients were
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asked to attend our Unit 1 year after RYGB in order to
repeat LDF and laboratory tests.

Laser Doppler Flowmetry

Subjects were asked to abstain from food, drugs, tobacco,
alcohol, coffee, or tea for 8 h prior to the LDF and had
20 min of acclimatisation in the supine position at a room
temperature of 22-24°C. LDF was performed with the
subject in the supine position using a LDF apparatus
(Periflux PF4001, Perimed, Jarfallan, Sweden) equipped
with a non-heated probe (PF408). LDF probe was fixed to
the medial surface of the right forearm of the studied
subject. The LDF apparatus used had the following
characteristics: 780 nm wavelength, 10 Hz—19 kHz band-
width, 0.1 s time constant, 32 Hz sampling frequency.
Before each measurement, LDF calibration was performed
using colloidal latex particles whose Brownian motion
provides the standard value. LDF output was recorded
continuously by an interfaced computer (Acer, Travelmate
202 T) equipped with a Perisoft dedicated software. This
software allows the measurement of skin blood flow at the
level of the illuminated tissue, in conventional perfusion
units (PU, 1 PU=10 mV).

Using the described method, skin right forearm blood
flow was continuously recorded in each subject under basal
conditions (15 min) and during a post-occlusive reactive
hyperaemia (PORH) test (3 min ischemia, 10 min following
ischemia). The PORH test was performed using a method
previously reported [13]. Briefly, right forearm skin
ischemia was induced by inflating a pneumatic cuff
positioned on the right arm to 30 mmHg above systolic
blood pressure for 3 min. After 3 min, pneumatic cuff was
instantaneously deflated. Basal skin blood flow was taken
as the mean value during 5 min before occlusion; maximal
blood flow was the higher blood flow value recorded after
cuff pressure release. The PORH was expressed as the
percent change in blood flow above baseline.

Skin Vasomotion Investigation

Skin vasomotion was investigated by means of the spectral
Fourier analysis of the skin LDF signal recorded during a
period of 15 min before cuff inflation. The spectral Fourier
analysis was performed using a Perisoft dedicated software
(Perimed, Jarfallan, Sweden), as previously described [13—
15]. Briefly, this software measures—in PU?/Hz—the
power spectral density (PSD) of each LDF frequency
interval investigated. Based on previous studies [18, 19],
the frequency range 0.01-1.6 Hz was divided into five
intervals: 0.01-0.02 Hz (associated to the endothelial-
dependent vasomotion (EDVM)), 0.02-0.06 Hz (related to
the sympathetic-dependent vasomotion (SDVM)), 0.06—
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0.2 Hz (related to the myogenic-dependent vasomotion
(MDVM)), 0.2-0.6 Hz (related to the respiratory activity)
and 0.6-1.6 Hz (synchronous with heart activity).

For the purpose of the present study (aimed to
investigate skin vasomotion and not the all blood flow-
motion) we only examined the three skin blood flow
oscillations in the frequency range of 0.01-0.2 Hz, that are
related to vasomotion.

The highest PSD value measured in each of these three
frequency intervals was taken to be the PSD of that interval.
The PSD of the of 0.01-0.2 Hz interval related to the
overall vasomotion (OVM) was obtained by the sum of the
PSD value of the 0.01-0.02 Hz, 0.02-0.06 Hz, and 0.06—
0.2 Hz intervals.

Since skin vasomotion measurements are influenced by
changes in skin blood flow [20, 21], we normalised PSD
(N-PSD) for the resting blood flow values measured from
the same time-window.

Laboratory Tests

Subjects were examined in the morning after an overnight
(12—14 h) fast.

Peripheral blood samples were obtained for determina-
tion of the lipid profile, plasma glucose, HbA . and insulin
concentrations. Fasting and 2-h post-load plasma glucose
concentration was measured on a Beckman Glucose
Analyzer 2 (Beckman, Fullerton, CA, USA). Fasting
concentrations of low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, total cholesterol, and
triglycerides serum levels were also measured (Synchron
CX4, Beckman Instruments, Inc., Brea, CA, USA). Plasma
insulin was measured by radioimmunoassay (Linco Re-
search, St. Charles, Missouri, USA).

Statistical Analysis

All the data were expressed as mean =+ standard error (SEM) or
as mean * standard deviation (SD). Comparison between
control subjects and obese patients before surgery was
performed using the analysis of variance (ANOVA) for
unpaired data or the Kruskal-Wallis test, depending on data
distribution. Comparison of obese patients before and after
surgery was performed using ANOVA for repeated measures
or Wilcoxon’s test depending on data distribution. A p value
<0.05 was considered as statistically significant. Statistical
analysis was performed using GraphPad Prism Software Inc.

Results

From January 2008 to June 2008 we selected 37 obese
patients, 18 with T2DM (Ob-T2DM) and 19 without

T2DM (Ob-NGT), who fitted the inclusion criteria of the
study. These patients underwent LDF and laboratory tests
before RYGB, as well as RYGB in the 3 weeks following
their recruitment. Twenty-four of the 37 recruited patients
(11 Ob-NGT and 13 Ob-T2DM) completed the follow-up
and underwent LDF and laboratory tests 12+2 months after
RYGB. Thirteen patients did not undergo to LDF and
laboratory tests 1 year after RYGB because they did not
accept to complete their follow-up. We recruited also 28
non-obese healthy subjects as a control group.

Pre-surgery Results

Clinical and metabolic characteristics of the 37 obese
patients enrolled in the study and the 28 control subjects
are reported in Table 1. Ob-T2DM and Ob-NGT patients
had similar clinical phenotypes, but diastolic blood pres-
sure, fasting and 2-h plasma glucose and HbA,. concen-
trations were higher in Ob-T2DM than Ob-NGT patients.

Results of baseline LDF and vasomotion measurements
are reported in Table 2.

Both Ob-T2DM and Ob-NGT patients showed a
significantly higher basal skin blood flow as compared to
control subjects (12.03+£0.97 and 13.59+1.40 vs 9.14+0.84
PU, respectively, p=0.03). After ischemia, there was a
significant increase in skin blood flow in the all three
groups, but the obese patients had a significantly lower
PORH as compared with control subjects (481+62%
and 4194+50% for Ob-NGT and Ob-T2DM, respectively,

Table 1 Clinical and metabolic characteristics of 37 obese patients
before surgery and of 28 control subjects

Ob-NGT Ob-T2DM CS

(19) (18) 37
Number 19 18 28
Sex (F/M) 14/5 13/5 21/7
Age (years) 40+8 45+9 44+10
BMI (kg/m?)* 47.0+11.8  483x7.1 227423
SBP (mmHg)* 133+20 135+16 124+8
DBP (mmHg)° 78+7 85+6 79+£5
Triglycerides (mg/dl) 123+49 168+£105* 94+20
Total cholesterol (mg/dl) 193£38 193£35 191£9.5
HDL-cholesterol (mg/dl) 44+11 44+10 47+£3
Fasting glucose (mg/dl) 92+10° 131+53 96+7
2-h glucose (mg/dl) 114£27° 227+29 115+12
Fasting insulin (1U/ml) 18.5+8.5 24.6+13.1% 7.6+0.6
HbA,. (%) 5.4+0.6° 6.6+2.0 5.2+0.2

Ob-NGT normal glucose tolerance obese patients, Ob-T2DM type 2
diabetes obese patients, CS control subjects, BMI body mass index,
SBP systolic blood pressure, DBP diastolic blood pressure

*pS0.0S vs control group; Data are mean+SD p<0.05 vs Ob-T2DM
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Table 2 Skin blood flow and vasomotion parameter investigated in 37 obese patients (before surgery) and in 28 control subjects

Parameter Ob-NGT Ob-T2DM CS p

(19) (18) 37
Basal SBF (PU) 12.03+0.97 13.59+1.40 9.14+0.84 0.03
PORH (%) 481+62 419+50 611+37
OVM (PU/Hz%) 8.88+0.83 8.43+0.79 12.90+1.09 0.0021
SDVM (PU/Hz%) 3.40+0.36 3.55+0.37 4.80+0.41 0.013
MDVM (PU/Hz%) 2.15+£0.26 2.07+£0.28 3.76+0.46 0.0055
EDVM (PU/Hz%) 3.33+£0.42 2.81+0.27 4.32+0.46

Ob-NGT normal glucose tolerance obese patients, Ob-T2DM type 2 diabetes obese patients, CS control subjects, SBF' skin blood flow, PU
perfusion unit, PORH post-occlusive reactive hyperaemia, OVM overall vasomotion, SDVM sympathetic-dependent vasomotion, MDVM
myogenic-dependent vasomotion, EDVM endothelial-dependent avsomotion. Data are mean + SEM. The asterisk indicates that the p value is only
related to the difference between control subjects and type 2 diabetes obese patients

p=0.013 vs 611+£37% of controls) regardless for diabetes
status.

Similarly, N-PSD of OVM, SDVM, and MDVM were
each lower in obese patients than in controls, regardless of
diabetes status. N-PSD of EDVM was lower in obese
patients, but the difference was only significant for the Ob-
T2DM group (p=0.04).

Post-surgery Results

A major weight loss (~40 kg on average) occurred in the 24
patients who completed the follow-up about 1 year after
RYGB. As expected, fasting plasma glucose and HbA . in
Ob-T2DM patients was reduced 1 year after surgery in
comparison to before surgery in the same patients (Table 3).
Blood pressure was reduced 1 year after surgery both in
Ob-T2MD and in Ob-NGT patients in comparison to before
surgery in the same patients (Table 3).

Basal skin blood flow decreased and PORH significantly
increased (by ~50% each) in obese patients 1 year after
RYGB in comparison to before RYGB, similarly in Ob-
NGT and Ob-T2DM (Fig. 1), with complete normalisation
of PORH (no significant difference in comparison with
control subjects was observed). No significant difference in
PORH was observed between Ob-NGT and Ob-T2DM

patients after RYGB. After RYGB, all measures of skin
vasomotion (N-PSD of OVM, SDVM, MDVM, and
ESDM) significantly increased as compared to before
surgery (with respective p values of 0.0014, 0.008, 0.008,
and 0.0048) (Fig. 2), with their complete normalisation (no
significant difference in post-surgery vasomotion measures
was observed in comparison with control subjects). More-
over, no significant difference in all measures of skin
vasomotion was observed between Ob-NGT and Ob-T2DM
patients after RYGB. However, the post-surgery N-PSD
value of the MDVM component tended to be higher in Ob-
T2DM than in Ob-NGT, with a difference between Ob-
T2DM and Ob-NGT very near to the statistical significance
(p=0.06).

On the pooled pre- and post-surgery data, a significant
inverse correlation was found between BMI and PORH (+°=
0.20, p=0.0013) (Fig. 3). No significant correlation was
found between BMI and PORH in each sub-groups of Ob-
NGT and Ob-T2DM patients.

Discussion

The main finding of the present study was that surgically
induced major weight loss in severely obese patients

Table 3 Clinical and metabolic
characteristics of 24 obese
patients before surgery and in
the same patients 1 year after

surgery

NGT-pt normal glucose toler-
ance patients, 72DM-pt type 2
diabetes patients, CS control
subjects, BMI body mass index,
SBP systolic blood pressure,
DBP diastolic blood pressure

NGT-pt T2DM-pt

Before surgery After surgery Before After
Sex (F/M) 8/3 10/3
Age (years) 40+9 4149 4549 46+9
BMI (kg/m?)* 47.1+7.8 32.3+6.9 49.5+6.3 32.7+4.4
SBP (mmHg)* 136+21 116+13 142+13 134+12
DBP (mmHg)* 79+7 74+9 87+6 79+7
Fasting glucose (mg/dl)* 85+6 80+7 101+11 83+13
HbA . (%)* 5.6+0.7 5.4+0.4 5.9+0.9 5.5+0.4

*p<0.05 for the time factor by
repeated measures ANOVA
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Fig. 1 Basal and post-ischemic
skin blood flow in morbidly
obese subjects with (Ob-T2DM)

or without (Ob-NGT) type 2 8
diabetes, before and 1 year 16 1
following weight reduction by 2 14 4
Roux-en-Y gastric bypass g_"; 12 ]
surgery (RYGB). Data are mean E
and SEM, asterisks indicate = 10+
differences at the p<0.05 level '§ 3
= o
S
g 4
= 2
]

Before RYGB

resulted in a full normalisation in skin vasodilator function
and in skin vasomotion about 1 year after RYGB. Changes
in skin vasodilator function and skin vasomotion following
weight loss were essentially similar in obese patients with
or without diabetes. A further finding of the present study
was that skin vasodilator function and skin vasomotion
were reduced in severely obese patients before RYGB in
comparison with lean, healthy subjects.

Fig. 2 Indices of vasomotion in
morbidly obese subjects with
(Ob-T2DM) or without type 2
diabetes (Ob-NGT) before and

After RYGB
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To our knowledge, this is the first study which prospec-
tively investigated the effect of surgically induced sustained
weight loss on skin microvascular function in obese patients.
Recently, skin microvascular function has been suggested to
mirror microvascular function in other body tissues [12, 16].
Skin vasodilator function, which can be easily and non-
invasively investigated by means of LDF, is generally
considered such as an indicator of the overall skin

B Ob-NGT
B ob-T2pM

1 year following weight reduc-
tion by Roux-en-Y gastric by-
pass surgery (RYGB). Data are
mean and SEM, asterisks indi-
cate differences at the p<0.05
level. OVM overall vasomotion,
EDVM endothelial-dependent
vasomotion, SDVM
sympathetic-dependent vasomo-
tion, MDVM myogenic-
dependent vasomotion
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Fig. 3 Inverse correlation between BMI and post-ischemic vasodila-
tation in morbidly obese subjects before and 1 year after surgically
induced weight loss (=0.20, p=0.0013)

microvascular function, including endothelial-dependent and
endothelial-independent mechanisms [15, 16, 22]. Using
LDF technique, the sudden rise in skin blood flow occurring
after the release of arterial occlusion, as the consequence of
microvessel smooth muscle relaxation distal to the site of
circulatory arrest [23], can be monitored and measured.
Some evidence also suggests that this test is a reliable
indicator of cardiovascular risk of investigated subjects [24].

Skin vasomotion is the rhythmic variation of skin
microvessel diameter due to rhythmic contraction and
dilatation of microvessel walls. Vasomotion is responsible
for skin microcirculatory blood flow oscillations in micro-
vessels, the so-called blood flow motion [25]. Results of
studies based on the theoretical analysis of complex
oscillations in multibranched microvascular networks [26,
27] suggest that stimulated vasomotion can increase the
mean blood flow by 40-60% as compared to steady
perfusion conditions. More recently, an in vivo study in
rabbit ear skin clearly demonstrated that increase in
microvascular vasomotion enhances tissue perfusion and
promotes material exchange between tissue and blood [28].
Three mechanisms have been invoked for skin vasomotion:
activity of microvessel endothelial cells [18, 19], sympa-
thetic discharge [29, 30], and spontaneous activity of the
microvessel smooth muscle cells [31]. Each of these
vasomotion mechanisms is responsible for a specific blood
flow motion component within a given frequency interval.
In particular, the flow motion components with frequency
interval of 0.01-0.02 Hz, 0.02-0.06 Hz, and 0.06-0.2 Hz
have been showed to be related to endothelium-dependent,
sympathetic-dependent, and myogenic-dependent vasomo-
tion, respectively [18]; their spectral density has been
suggested to reflect the efficiency of the corresponding
mechanism [13, 15, 18, 19].
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Findings obtained in the present study represent a
substantial advance in the knowledge of the effect of
surgically induced sustained weight loss on peripheral
microcirculation in obese patients. Only one previous study
demonstrated an improvement in endothelial-dependent
vasoreactivity at the level of skeletal muscle microcircula-
tion in obese patients after sustained weight loss [11].

The full normalisation in skin vasodilator function and in
skin vasomotion we observed in obese patients following
surgically induced major weight loss argues for a complete
recovery of skin microvascular dysfunction in the studied
patients. Accordingly with the suggested property of skin
microcirculation of reflecting generalized systemic microvas-
cular dysfunction in magnitude and underlying mechanisms
[12], results of the present study argue for a beneficial effect
of surgically induced sustained weight loss on microvascular
dysfunction at the level of other body tissues in the studied
obese patients. This hypothetical and more generalized
positive effect could have more important implications for
cardiovascular risk of obese patients than the normalisation
of microvascular dysfunction only at the level of skin.

With regard to the different vasomotion components, the
spectral contribution of the all three frequency intervals of
skin LDF signal investigated, was normalised after sus-
tained weight loss in our patients (both in diabetics and
non-diabetics). This suggests that sustained weight loss was
associated with normalisation of the all three mechanisms
responsible for vasomotion, such as the endothelial-,
sympathetic-, and myogenic-dependent mechanism.

With regards to possible differences in skin vasomotion
between Ob-2MD and Ob-NGT, its investigation was not
the aim of our study. However, since type 2 diabetes was
present in a sub-group of our obese subjects, we investi-
gated possible changes in skin vasomotion not only in the
whole sample of obese subjects, but also in the sub-groups
of diabetics and non-diabetics. Before surgery we found a
reduced EDVM in Ob-T2DM but not in Ob-NGT. This
agrees with the results of previous studies in non-obese
type 2 diabetic subjects [21, 32] which showed reduced
vasomotion in patients compared with that observed in
controls. On the contrary, we did not observe significant
differences in post-surgery vasomotion measurements be-
tween Ob-T2DM and Ob-NGT. This last result could be
due to the small sample of our study. Next studies aimed to
investigate possible differences between Ob-T2DM and
Ob-NGT in vasomotion changes associated to sustained
weight loss should involve a bigger number of subjects.

The finding of a reduced skin vasodilator function
and skin vasomotion, which we observed in obese
patients before RYGB in comparison with lean healthy
subjects, agrees with data obtained in previous studies
[3-5]. This confirms that obesity impairs skin microvas-
cular function.
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Other findings of this study are the higher skin blood
flow we found in obese patients before surgery compared to
lean control subjects, as well as its reduction after weight
loss. Both these findings are difficult to be explained. In
particular, the first one disagrees with previous observations
showing no difference in basal skin perfusion between
obese patients and lean subjects [3]. Here, it is pertinent to
recall that microvessel tone in glabrous skin areas—such as
the forearm skin where we took our flow measurements—is
predominantly mediated by sympathetic cholinergic vaso-
dilator nerves [33]. An increased sympathetic tone could
account for the higher skin blood flow in obese patients
before weight loss, while, in its turn, a reduction in
sympathetic over-activity after weight loss could account
for the post-surgical reduction in basal skin blood perfu-
sion. Nevertheless, differences in basal skin blood perfusion
between obese patients and control subjects (as well as
before and after weight loss in obese patients) did not
influence our results on skin vasomotion and PORH, since
the measurements of these parameters were normalised
values for resting skin blood flow.

One weak point of our study is the small study sample,
which might have interfered with some statistical compar-
isons. Further studies in a higher number of obese patients
are needed in order to confirm our results. The inverse
correlation between BMI and skin PORH, which we
observed in our patients by pooling pre- and post-surgery
data, needs to be verified by comparing surgically induced
changes in BMI and PORH.

In conclusion, the present study shows that sustained
weight loss due to RYGB resulted in a full normalisation in
skin microvascuolar function in the studied obese patients.
Findings of the present study argue for an improvement of
generalized microvascular dysfunction in obese treated
patients that could have positive implications for their
cardiovascular risk. Further prospective studies in a higher
number of obese patients are needed to verify these findings
as well as the impact of surgically induced sustained weight
loss on cardiovascular risk of obese patients.

Acknowledgements We thank the Hospital of Pisa for support in the
part of this study concerning the laser Doppler flowmetry investigation.

Conflicts of interest The authors declare no conflict of interest.

References

1. Hubert HB, Feinleib M, McNamara PM, et al. Obesity as an
independent risk factor for cardiovascular disease: a 26-year
follow-up of participants in the Framingham Heart Study.
Circulation. 1983;67:968-77.

2. Wilding J. Science, medicine, and the future. Obesity treatment.
BMJ. 1997;315:997-1000.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. de Jongh RT, Serne EH. RGIJ et al. Impaired microvascular function

in obesity: implications for obesity-associated microangiopathy,
hypertension, and insulin resistance. Circulation. 2004;109:2529-35.

. Jonk AM, Houben AJ, de Jongh RT, et al. Microvascular dysfunction

in obesity: a potential mechanism in the pathogenesis of obesity-
associated insulin resistance and hypertension. Physiology.
2007;22:252-60.

. Stapleton PA, James ME, Goodwill GA, et al. Obesity and

vascular dysfunction. Pathophysiology. 2008;2:79—89.

. de Jongh RT, Serné EH, IJzerman RG, et al. Impaired local

microvascular vasodilatory effects of insulin and reduced skin
microvascular vasomotion in obese women. Microvasc Res.
2008;75:256-62.

. Steinberg HO, Chaker H, Leaming R, et al. Obesity/insulin resistance

is associated with endothelial dysfunction. Implications for the
syndrome of insulin resistance. J Clin Invest. 1996;97:2601-10.

. Pierce GL, Beske SD, Lawson BR, et al. Weight loss alone

improves conduit and resistance artery endothelial function in
young and older overweight/obese adults. Hypertension.
2008;52:72-9.

. Dengel DR, Kelly AS, Olson TP, et al. Effects of weight loss on

insulin sensitivity and arterial stiffness in overweight adults.
Metabolism. 2006;55:907-11.

Karason K, Wikstrand J, Sjostrom L, et al. Weight loss and
progression of early atherosclerosis in the carotid artery: a four-
year controlled study of obese subjects. Int J Obes Relat Metab
Disord. 1999;23:948-56.

Lind L, Zethelius B, Sundbom M, et al. Vasoreactivity is rapidly
improved in obese subjects after gastric bypass surgery. Int J
Obes. 2009;33:1390-5.

Holowatz LA, Thompson-Torgerson CS, Kenney WL. The human
cutaneous circulation as a model of generalized microvascular
function. J Appl Physiol. 2008;105:370-2.

Rossi M, Ricco R, Carpi A. Spectral analysis of skin laser
Doppler blood perfusion signal during skin hyperemia in response
to acetylcholine iontophoresis and ischemia in normal subjects.
Clin Hemorheol Microcirc. 2004;31:303-10.

Stewart J, Kohen A, Brouder D, et al. Non-invasive interrogation
of microvasculature for signs of endothelial dysfunction in
patients with chronic renal failure. Am J Physiol Heart Circ
Physiol. 2004;287:H2687-96.

Rossi M, Carpi A, Di Maria C, et al. Absent post-ischemic
increase of blood flowmotion in the skin microcirculation of
healthy chronic cigarette smokers. Clin Hemorheol Microcirc.
2007;36:163-71.

Shamim-Uzzaman QA, Pfenninger D, Kehrer C, et al. Altered
cutaneous microvascular responses to reactive hyperaemia in
coronary artery disease: a comparative study with conduit vessel
responses. Clin Sci (Lond). 2002;103:267-73.

The Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Report of the expert committee on the
diagnosis and classification of diabetes mellitus. Diab Care.
2002;25:S5-20.

Stefanovska A, Bracic M, Kvernmo K. Wavelet analysis of
oscillations in the peripheral blood circulation measured by laser
Doppler technique. IEEE Trans Biomed Eng. 1999;46:1230-9.
Kvernmo HD, Stefanovska A, Kirkeboen KA, et al. Oscillations
in the human skin blood perfusion signal modified by
endothelium-dependent and endothelium-independent vasodila-
tors. Microvasc Res. 1999;57:298-309.

Benbow SJ, Pryce DW, Noblett K, et al. Flow motion in
peripheral diabetic neuropathy. Clin Sci (Lond). 1995;88:191-6.

. Schmiedel O, Schroeter ML, Harvey JN. Microalbuminuria in

Type 2 diabetes indicates impaired microvascular vasomotion and
perfusion. Am J Physiol Heart Circ Physiol. 2007;293:H3424—
4231.

@ Springer



94

OBES SURG (2011) 21:87-94

22.

23.

24.

25.

26.

27.

Binggeli C, Spicker LE, Corti R, et al. Statins enhance
postischemic hyperemia in the skin circulation of hypercholester-
olemic patients: a monitoring test of endothelial dysfunction for
clinical practice? J Am Coll Cardiol. 2003;42:71-7.

Joyner MJ, Dietz NM, Shepherd JT. From Belfast to Mayo and
beyond: the use and future of plethysmography to study blood
flow in human limbs. J Appl Physiol. 2001;91:2431-41.
Vuilleumier P, Decosterd D, Maillard M, et al. Postischemic forearm
skin reactive hyperemia is related to cardiovascular risk factors in a
healthy female population. J Hypertens. 2002;20:1753-7.

Nilsson H, Aalkjaer C. Vasomotion: mechanisms and physiological
importance. Mol Interv. 2003;3:79-89.

Ursino M, Cavalcanti S, Bertuglia S, et al. Theoretical analysis of
complex oscillations in multibranched microvascular networks.
Microvasc Res. 1996;23:229-49.

Parthimos D, Edwards DH, Griffith TM. Comparison of chaotic
and sinusoidal vasomotion in the regulation of microvascular
flow. Cardiovasc Res. 1996;31:388-99.

@ Springer

28.

29.

30.

31.

32.

33.

Sakurai T, Terui N. Effects of sympathetically induced vaso-
motion on tissue-capillary fluid exchange. Am J Physiol Heart
Circ Physiol. 2006;291:H1761-7.

Soderstrom T, Stefanovska A, Veber M, et al. Involvement of
sympathetic nerve activity in skin blood flow oscillation in
humans. Am J Physiol Heart Circ Physiol. 2003;284:H1638—
46.

Stauss HM, Anderson EA, Haynes WG, et al. Frequency response
characteristics of sympathetically mediated vasomotor waves in
humans. Am J Physiol. 1998;274:H1277-83.

Lamboley M, Schuster A, Bény JL, et al. Recruitment of smooth
muscle cells and arterial vasomotion. Am J Physiol Heart Circ
Physiol. 2003;285:H562-9.

Stansberry KB, Shapiro SA, Hill MA, et al. Impaired peripheral
vasomotion in diabetes. Diab Care. 1996;19:715-21.

Kellogg DL. In vivo mechanisms of cutaneous vasodilation and
vasoconstriction in humans during thermoregulatory challenges. J
Appl Physiol. 2006;100:1709-18.



	Skin Vasodilator Function and Vasomotion in Patients with Morbid Obesity: Effects of Gastric Bypass Surgery
	Abstract
	Introduction
	Materials and Methods
	Study Design and Subjects
	Laser Doppler Flowmetry
	Skin Vasomotion Investigation
	Laboratory Tests
	Statistical Analysis

	Results
	Pre-surgery Results
	Post-surgery Results

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


