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Abstract. We examined whether “metabolically healthy obesity” (MHO) is associated or not with hemorheologic alterations.
We studied 110 subjects: 32 normal weight; 40 overweight; 38 obese. Overweight and obese subjects were divided into two
subgroups according to the occurrence or not of a metabolic syndrome (METS). Subjects were thus categorized as follows: (1)
metabolically healthy and normal weight (MHNW); (2) metabolically healthy but overweight (MHOW); (3) metabolically abnor-
mally overweight (MAOW); (4) metabolically healthy but obese (MHOB); and (5) metabolically abnormally obese (MAOB).
Across those various subgroups whole blood viscosity and plasma viscosity were not statistically different, although there was
a tendency to higher values in the subgroups with METS compared to those without METS. RBC aggregation “M” was higher
in all obese than MHNW (7.25 +0.64 vs 4.31 +0.44 p<0.001 and was also higher in MHOB than MHNW (8.22 +1.07 vs
4.31+0.44vs8.22 £ 1.07 p<0.02). It was higher in all obese subjects than in all overweight subjects (7.25 4 0.64 vs 5.22 £ 0.40
p<0.01) but the difference between overweight and MHNW was not significant. M was negatively correlated with insulin sen-
sitivity (r=—0.457 p=0.0008). On the whole increased RBC aggregability “M” seems to be more related to fatness by its own
than to the occurrence of metabolic abnormalities. MHO is not associated with alterations of blood viscosity at high shear rate,
but exhibits a slight increase in RBC aggregability. These data are consistent with the assumption that MHO is on the whole
a “hemorheologically healthy” situation, but that RBC aggregability is proportional to fatness even in “healthy” conditions, as
already observed in samples of normal weight athletes.
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MAOW: metabolically abnormally overweight
MHOB: metabolically healthy but obese
MAOB: metabolically abnormally obese
RBC: red blood cell

SEM:  standard error on the mean

1. Introduction

Obesity is associated with an increased risk of comorbidities such as non-alcoholic fatty liver disease,
hypertension, type 2 diabetes mellitus (DM), coronary artery disease (CAD), stroke, and several cancers,
but there is a significant proportion of subjects with obesity who do not develop dysmetabolic status
[17]. These individuals, now defined as metabolically healthy but obese (MHO), despite having exces-
sive body fat, display a favorable metabolic profile characterized by high levels of insulin sensitivity,
no hypertension, a favorable immune profile, normal lipid, low inflammation, and beneficial hormonal
profiles [11].

Evidence has been reported that these MHO individuals may account for as much as 20%—-50% of
the obese population [6]. This phenotype has been reported to be associated with a less deleterious
cardiovascular prognosis [13]. Obesity is generally associated with a moderate hyperviscosity syndrome,
related to metabolic and inflammatory abnormalities [1, 12, 19].

To our knowledge, whether MHO is associated or not with hemorheologic alterations remains unclear.
Le Devehat [12] in his paper which was one of the very first devoted to hemorheology and obesity
evidenced a host of hemorheologic alterations in ‘isolated obesity”, a situation which is actually quite
similar to that nowadays termed MHO. However, definitions of ‘isolated obesity” according to this author
and MHO are not exactly similar, so that it was logic to address this question with the current definitions.
This was the aim of this study designed to compare blood rheology between MHO and dysmetabolic
obesity.

2. Experimental

2.1. Subjects

We studied 110 subjects: 32 normal weight (age: 14-60 years); 40 overweight (BMI 25-30; age:
11-68 yr); 38 obese (BMI >30-67.5, age: 11-77). Overweight and obese subjects were splitted in two
subgroups according to the occurrence or not of a metabolic syndrome (METS). Subjects were thus
categorized as follows: (1) metabolically healthy and normal weight (MHNW); (2) metabolically healthy
but overweight (MHOW); (3) metabolically abnormally overweight (MAOW); (4) metabolically healthy
but obese (MHOB); and (4) metabolically abnormally obese (MAOB).

2.2. Bioelectrical impedance measurements

Prior to the exercise-test, subjects’ body composition was assessed with bioimpedance analysis with a
six terminal impedance plethismograph BIACORPUS RX 4000 Biacorpus RX4000, (Healthnesslink, 8
avenue Jean-Jaures 92130 Issy-les-Moulineaux, France) with data analysis with the softwareBodyComp
8.4. This device measures total resistance of the body to an alternative electric current of 50 kHz [2]. Body



fat mass, fat-free mass were calculated in each segment of the body according to manufacturer’s database-
derived disclosed equations, and total water with published equations using the classical cylindric model
and Hanai’s mixture theory [7].

2.3. Hemorheological ex vivo measurements

Blood samples for hemorheological measurements (7 ml) were drawn with potassium EDTA as the
anticoagulant in a vacuum tube (Vacutainer). Viscometric measurements were done at very high shear rate
(1000 s~ ') with a falling ball viscometer (MT 90 Medicatest, F-86280 Saint Benoit) [4]. The coefficient
of variation of this method ranges between 0.6 and 0.8%. We measured with this device apparent viscosity
of whole blood at native hematocrit, plasma viscosity, and blood viscosity at corrected hematocrit (45%)
according to the equation of Quemada [14].

n=n,(1—1/2k¢)? (1)

where ¢ is hematocrit, 1, is plasma viscosity, and k(y) is a shear-dependent parameter quantifying the
contribution of erythrocyte rheological properties to whole blood viscosity.

At the high shear rate used here k(y) is representative of red cell rigidity (i.e., the lower k(y), the higher
is erythrocyte deformability).

With this equation it is possible to standardize n for hematocrit 45% after calculating k:

k=2.(1—=nr%).¢"! (2)

This value of k is reintroduced in equation (1) with ¢ set at 0.45. Dintenfass’s ‘Tk’ index [3] was also
calculated as an index of red cell rigidity.

RBC aggregation was assessed with the Myrenne aggregometer [16] which gives two indices of RBC
aggregation: ‘M’ (aggregation during stasis after shearing at 600 s~') and ‘M1’ (facilitated aggregation
at low shear rate after shearing at 600 s~!). It was also measured with laser backscattering (erythroagre-
gometer SEFAM — AFFIBIO) [5]. Hematocrit was measured with microcentrifuge.

2.4. Statistics

Values are presented as mean =+ standard error of the mean (SEM). Normality of samples was checked
with the Kolmogorov-Smirnov test. After verification of normality, we used a one way ANOVA followed
by a Student’s ¢ test for unpaired samples. Correlations were assessed with Pearson’s procedure (least
square fitting). A value of p <0.05 was considered as significant.

3. Results
3.1. Baseline characteristics of subjects

This study included 32 normal weight (age: 14-60 years); 40 overweight (BMI 25-30; age: 11-68 yr)
and 38 obese subjects (BMI >30-67.5, age: 11-77). They were classified into five groups: (1) metabol-
ically healthy and normal weight (MHNW); (2) metabolically healthy but overweight (MHOW); (3)
metabolically abnormally overweight (MAOW); (4) metabolically healthy but obese (MHOB); and (5)
metabolically abnormally obese (MAOB). Characteristics of these subgroups are shown on Table 1.



Table 1
Age, weight, height and body mass index (BMI) of the subjects of the study

Age Weight Height BMI Total cholesterol (g/1) Triglycerides (g/1)
MHNW  29.75+£2.04 66.84 £+ 1.81 1.70+£0.02  22.9940.25 2.10£0.12 0.79 £0.08
n=32
MHOW 35.77+£2.46 73.52+£1.72 1.65+0.02  2691+£0.24 2.17+£0.09 0.92 +0.09
n=30
MAOW 48.30+4.47 79.45 £3.81 1.70£0.04  27.48+0.55 2.24+£0.10 1.09£0.26
n=10
MHOB 43.84 +5.00 89.05£5.40 1.60+0.02 34.81+2.39 244 4+0.11 1.19+0.09
n=16
MAOB 46.64 +£2.63 103.01 £3.84 1.68 +£0.02 36.83+1.26 2.32+£0.11 220+£042
n=22

3.2. Hemorheological parameters

As shown on Table 2, across those various subgroups whole blood viscosity and plasma viscosity were
not statistically different, although there was a tendency to higher values in the subgroups with METS
compared to those without METS. As shown on Fig. 1, RBC aggregation ‘M’ was higher in all obese than
MHNW (7.25 £0.64 vs 4.31 +0.44 p <0.001 and was also higher in MHOB than MHNW (8.22 4 1.07 vs
4.314£0.44vs8.224+1.07 p<0,02). It was higher in all obese subjects than in all overweight subjects (7.25
4 0.64 vs 5.22 4+ 0.40 p < 0.01) but the difference between overweight and MHNW was not significant.

3.3. Correlations among study parameters

Table 3 shows correlations among various parameters. ‘M’ was negatively correlated with insulin
sensitivity (r = —0.457 p=0.0008). There were also correlations between the body mass index and both

Table 2
Hemorheological parameters across the various categories of body weight

Whole blood Plasma RBC RBC RBC Whole blood  Hematocrit/
viscosity at viscosity viscometric ~ aggregability = aggregability  viscosity at  viscosity ratio
native hematocrit (mPa.s) index of Myrenne Myrenne hematocrit
(mPa.s) rigidity ‘Tk’ index ‘M’ index ‘M1’ 45% (mPa.s)

MHNW 2.64+0.07 1.37+£0.01  0.54+0.02 431+0.44 7.03+0.40 2.81+0.10 16.19£0.37
n=32
MHOW 2.63+0.06 1.36+0.01 0.56+0.01 5.11+0.51 7.94+0.62 2.81+0.06 15.68 +0.27
n=30
MAOW 2.67+0.09 1.34£0.03 0.57+0.02 5.50£0.59 9.28 £0.61 2.82£0.09 15.95+0.57
n=10
MHOB 2.54+0.05 1.36£0.02 0.53+0.02 8.23+1.07 1270 £1.00  2.71+0.06 16.26 £0.32
n=16
MAOB 2.67+0.07 1.35£0.02 0.56+0.01 7.03£0.74 11.29£0.70  2.74+0.10 15.89+0.40

n=22
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Fig. 1. RBC aggregation mesasured by the Myrenne aggregometer was increased by obesity itself regardless it was metabolically
healthy or unhealthy, and was not increased in simple overweight.

‘M’ (r=0.542 P=0.00005) and ‘M1’ (r=0.652 p=0.0000004). Insulin sensitivity also displayed its
previously reported correlations with blood viscosity, RBC aggregability and RBC rigidity.

4. Discussion

To the best of our knowledge, the present study is the first to investigate hemoheology in MHO. Our
results evidence a moderate increase in RBC aggregability that seems to be more related to fatness by its
own than to the occurrence of metabolic abnormalities. By contrast, MHO does not seem to be associated
with alterations of blood viscosity at high shear rate.

As we indicated in our introduction, Le Dévéhat [12] studied what he called “isolated obesity”, i.e., obe-
sity devoid of metabolic disturbances, and reported in this situation an increase in erythrocyte aggregation,
a decrease in red blood cell deformability, an increase in plasma viscosity, and an increase in fibrinogen.
He concluded that plasma proteins metabolism and thus RBC aggregation could be altered only because
of weight excess by its own. Some years before, Jung [10] had already reported that body weight is
associated with increased plasma viscosity. Later, this relationship has been largely and unanimously
confirmed.

Whether there is a subgroup of obese patients who don’t exhibit the usual metabolic disturbances
associated with obesity is not a new finding. It was for example well known that moderate lower body
obesity in women exhibited a metabolic profile that was quite the opposite of the so-called ‘metabolic
syndrome’ or ‘insulin resistance syndrome’. In the late nineties we reported that insulin sensitivity was
higher in moderately overweight women with predominantly lower body fat [15]. This finding was
consistent with the reports of a lower cardiovascular risk and a lower risk of becoming diabetic in
patients exhibiting this variety of obesity [8, 18]. On the whole, it remains well established that an upper
body/visceral fat distribution in obesity is closely linked with metabolic complications, whereas increased
lower body fat is independently predictive of reduced cardiovascular risk [9].
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On the whole MHO is not associated with alterations of blood viscosity at high shear rate, but exhibits
a slight increase in RBC aggregability. In other terms increased RBC aggregability ‘M’ seems to be more
related to fatness by its own than to the occurrence of metabolic abnormalities.

5. Conclusions

These data are consistent with the assumptions that 1) MHO is on the whole a “hemorheologically
healthy” situation, and 2) that RBC aggregability is proportional to fatness even in “healthy” conditions,
as already observed in samples of normal weight athletes.
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