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Abstract

Anorexia nervosa (AN) as a life-threatening eating disorder is linked to a high mortality risk with many deaths
attributable to cardiovascular etiology. Cardiovascular complications in AN include structural as well as func-
tional cardiac alterations, hemodynamic changes, and peripheral vascular abnormalities. Despite the fact that
peripheral vascular abnormalities are not identified as a major AN complication, several manifestations of
peripheral vascular dysregulation including Raynaud’s phenomenon and endothelial dysfunction have been
described and, therefore, warrant attention. This article briefly summarizes so far findings of microvascular
alterations in AN patients and presents easily accessible and non-invasive procedures for a microvascular eva-
luation such as capillaroscopy and endothelium-related peripheral arterial tone (EndoPAT) which could be
involved in the clinical diagnostic process for the earliest identification of an increased risk of later cardiovascular
complications.
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INTRODUCTION

Anorexia nervosa (AN) represents a serious eating disorder commonly associated with
other medical complications such as cardiovascular ones. Alterations in the cardiovascular
system on the functional (e.g. bradycardia, prolongation of QT interval) and structural
(e.g. reduction of left ventricular mass) levels can occur in approximately 75-85% of AN
patients (1, 2). Among others commonly reported cardiovascular complications in AN,
peripheral vascular abnormalities caused by dysregulation between peripheral vasocon-
striction and vasodilatation mechanisms clinically appear with Raynaud’s phenomenon
(RP), a distinctive syndrome, characterized by episodic transient spasms of the peripheral
vessels leading to digital ischemia associated with digits” discoloration that may be caused
by the reflex vasoconstriction to emotional stress and low temperatures have been described
(3-6). In this context, already Luck and Wakeling pointed to elevated cutaneous vaso-respon-
siveness to cold in anorexic patients (7). Although since then several studies evaluated the
relationship between peripheral vascular alterations and AN (for review (5)), future research
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is needed to reveal the precise AN-vascular health association. Moreover, endothelial dys-
function as a key factor in the development of atherosclerotic disease, predicting an
increased rate of adverse cardiovascular events, has been described in anorexic patients
(8). Therefore, routine monitoring of the cardiovascular health in AN patients should be
considered to minimize a cardiovascular disease risk. In this aspect, the evaluation of
microcirculation and endothelial function could offer an easy and non-invasive way for
the earliest detection of peripheral vascular abnormalities in AN (9, 10).

NAILFOLD CAPILLAROSCOPY (NC)

NC is a non-invasive and easy-to-use imaging technique to evaluate microcirculation and
capillary structure in the nailbed area. The main application of NC is the assessment of
microvascular impairment in RP with a focus to differentiate between primary and secondary
forms of RP (11, 12). The gold standard between capillaroscopic methods to perform nailfold
capillaroscopy is the nailfold videocapillaroscopy (NVC) with a 200X magnification, capturing
at least two adjacent fields of a linear millimeter (mm) in the middle of the finger (13). It has
been shown that the sensitivity to reliably detect capillary abnormalities increases as more
fingers were examined with the recommendation of eight-fingers evaluation, however, in the
case of time pressure, the two-finger combination (both ring fingers) to detect capillary
abnormalities may be used (14). NVC quantitative assessment involves capillaroscopic
characteristics such as capillary density, capillary dimension, capillary morphology, and
presence/absence of hemorrhages that are standardly evaluated per unit of quantity
(i.e. per linear mm). Capillary density as the most reliable capillaroscopic parameter is used
for the prediction of the disease progression and treatment monitoring. In NVC qualitative
assessment — “scleroderma pattern” - further subgraded as early, active, or late is estimated
(as reviewed in (13)). Based on the capillaroscopic characteristics — the image may refer to
changes specific to the “scleroderma pattern” as occurring in scleroderma spectrum diseases,
or the image is normal or has non-specific abnormalities as occurring in the healthy
population, in primary RP or in connective tissue diseases other than systemic sclerosis
(13). The normal capillaroscopic pattern is characterized by high skin transparency,
absence of morphological abnormalities, uniformity of diameter and distribution of the
capillaries, and hairpin capillaries arranged in a parallel fashion to each other. Early
scleroderma pattern is defined as enlarged capillaries (diameter >20 ym and <50 um), few
(<4-6/mm) giant capillaries (diameter >50 um), few microhemorrhages, fragmentation of
the blood column with a granular appearance, and lack of capillary loss. Active scleroderma
pattern represents more than six giant capillaries/mm, frequent capillary hemorrhages,
20-30% loss of capillaries, disorganization of the capillary architecture; and late scleroderma
pattern is characterized by a 50-70% loss of capillaries with large avascular areas, disor-
ganization of the normal capillary array, ramified/bushy capillaries, and neovascularization
(9, 13, 15-18). The examination requires a proper preparation of the patient. The patient
should have no history of trauma to the distal phalanges (including manicure), so the nail
beds show no evidence of an infection and/or wound. The patient should not have artificial
nails or nail polish. Moreover, the patient should be placed at least 15 minutes before the
examination at a standard room temperature (22-25°C) to allow the nail fold capillary network
to adapt (19).

It is important to note that there is an evidence of the association between nailfold
capillaroscopic morphology and palmar digital arteries” morphology and blood flow findings
indicating that the microvascular damage and its progression is linked to macrovascu-
lar disease contributing to the increased risk of cardiovascular events (20). Moreover, the
follow-up study has reported the association between RP and increased cardiovascular
mortality indicating that RP can represent a precursor of undiagnosed vascular disease
(21). Thus, present symptoms of microvascular abnormalities deserve attention in anorexic
patients.
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EVALUATION OF THE ENDOTHELIAL FUNCTION (EndoPAT)

Assessment of the flow-mediated arteries” vasodilation dependent on the proper endothelial
function represents an entrenched measure of vascular health (22). Healthy endothelium
as a monolayer of endothelial cells covering the vascular beds” lumen produces a wide range
of factors as a response to various signals to regulate predominantly the vascular tone via the
release of vasoactive molecules constricting or relaxing the vessels playing a key role in the
maintaining the balance of oxygen supply to tissues and metabolic demand. Healthy endothe-
lium also regulates the proliferation of smooth muscle cells or cellular adhesion (23, 24).
Contrary, endothelial dysfunction is characterized by an imbalance between vasodilators and
vasoconstrictors leading to an impairment of endothelium-dependent vasodilation, i.e. vessels
inability to adequately dilate in response to the stimulus. Moreover, endothelial dysfunction
also comprises the activation of pro-inflammatory and pro-coagulatory milieu. Endothelial
dysfunction thus represents a major contributor to atherosclerosis and a well-known predictor
of an increased cardiovascular risk (25-27). Endothelial (dys)function can be assessed by
numerous methods including the EndoPAT device which records the arterial pulse volume
changes through the plethysmographic probes placed on the index fingers of each hand and
transforms them to a peripheral arterial tone signal. A measure of endothelial function via
changes in the vascular tone mediated by the endothelium is elicited by creating a hyperemic
response after occlusion of the blood flow through the brachial artery with a cuff inflated to
supra-systolic values for 5 minutes on the non-dominant hand followed by a consequent blood
pressure cuff deflation. The recorded values are normalized to measures recorded from the
contra-lateral arm used to control the concomitant non-endothelium dependent changes in
peripheral arterial tone (e.g. fluctuations in the sympathetic nervous system activity) (25,
28-30). The obtained data are automatically analyzed by the system with the calculation of an
endothelial function index (i.e. Reactive Hyperemia Index — RHI) defined as the ratio between
average pre-occlusion baseline pulse wave amplitude and post-occlusion pulse wave amplitude
measured during the one-minute period after 90 seconds of reactive hyperemia beginning, with
RHI value less than 1.67 considered as abnormal (31). Limitations for the examination include
digits” deformities which preclude adequate signal acquisition, medical conditions prohibiting
blood flow occlusion in both arms, and the use of short-acting nitroglycerine (31).

PERIPHERAL VASCULAR ALTERATIONS IN ANOREXIA NERVOSA

Regarding the synergistic relationship of AN and RP on microvascular impairment, De
Martinis et al. (9) revealed an early scleroderma pattern in 59% of patients suffering from both
(AN+RP) and in 55% of RP patients with AN history. These findings outline the detection of
capillaroscopic abnormalities in AN patients/individuals formerly suffering from AN with con-
comitant RP (9). Regarding AN and RP during adolescence, Kasap-Cuceoglu et al. revealed
minor and major capillaroscopic changes including enlarged capillaries, mild tortuosity,
microhemorrhages, capillary ramifications, capillary disorganization, and capillary loss in AN
adolescents. Moreover, there were only minor capillaroscopic findings including mild capillary
dilation and tortuosity in adolescents with RP (32). It is important to note that an association
between capillaroscopic microvascular abnormalities and peripheral endothelial dysfunction
was found (33, 34). In the view of endothelial dysfunction assessed by EndoPAT in anorexia
nervosa, Suntharos et al. reported no significant differences in RHI between anorexic patients
and the control group (10), while Springall et al. revealed a reduced endothelial function in
young adult AN patients who formerly suffered from AN during adolescence (35). Moreover,
Palova et al. reported a decreased vasodilatation in AN patients compared to the healthy
subjects using the evaluation of flow-mediated dilatation of the brachial artery (8). Based on
these above-mentioned findings, future research in the AN-microvascular health association
and its contribution to cardiovascular complications is needed. Potential peripheral vascular
abnormalities associated with AN are summarized in Figure 1.
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Fig.1. Evaluation of peripheral vascular abnormalities which can be associated with anorexia nervosa
(AN). RHI - Reactive Hyperemia Index

CONCLUSION

The nailfold capillaroscopy and EndoPAT can be considered promising non-invasive
methods for an early detection of AN-linked microvascular damage which, in combination
with additional methods, may represent important diagnostic tools to detect the earliest
peripheral vascular dysfunctions in anorexic patients. We believe that a detailed non-invasive
assessment of AN-linked vascular abnormalities could contribute to a better understanding
of pathophysiological mechanisms leading to a higher cardiovascular risk in anorexia nervosa,
improving thus an early diagnosis, personalized prevention, and therapy of AN-linked cardio-
vascular complications.
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