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Abstract

Chronic telogen effluvium describes the clinical condition noted mostly in middle-aged women of increased, diffuse scalp hair
shedding that is prolonged and often presents with a fluctuating course that may continue for years but does not lead to visible hair
thinning. Despite its description almost 20 years ago, the underlying pathologic cause of CTE is yet to be identified. However the
culmination of research in the field of hair biology and the burgeoning field of chronobiology may lead to exciting breakthroughs
in our understanding of CTE. In this paper the current literature on CTE is reviewed and a hypothesis is put forth that CTE may be
triggered by hormonal fluctuations and alterations in circadian control genes.
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Introduction

In 1996 Whiting introduced the term “chronic telogen effluvium” to describe the clinical condition noted mostly in middle-aged
women, of increased, diffuse scalp hair shedding [1]. This condition is distinct from acute telogen effluvium in that the shedding is
prolonged >6months and often presents with a fluctuating course that may continue for 6-7 years [1, 2]. Unlike in androgenetic
alopecia(AGA) or female pattern hair loss (FPHL), there is no notable or visible hair thinning or change in scalp hair density in
CTE other than bitemporal recession in some patients [2-4]. Histology can also be useful in making the diagnosis of CTE. In
horizontal sections of 4mm scalp biopsies, there is a higher ratio of terminal to vellus-like hairs in CTE compared to AGA [1, 5].
The anagen to telogen ratio in CTE is essentially the same as in normal scalp [1]. Despite its description almost 20 years ago, the
underlying pathologic cause of CTE is yet to be identified. However, the culmination of research in the field of hair biology and
the burgeoning field of chronobiology may lead to exciting breakthroughs in our understanding of CTE. In this paper the current
literature on CTE is reviewed and a hypothesis is put forth that CTE may be triggered by hormonal fluctuations and alterations in
circadian control genes.
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Chronic telogen effluvium: a disturbance of the anagen phase

Classic, or acute telogen effluvium, was first described by Kligman in 1961 who introduced the concept that increased hair
shedding could occur in response to a perturbation of the hair cycle [6]. In 1993, Headington put forth five functional types of
telogen effluvia based on the idea that shedding could occur as a result of alterations in the phases as well as to the duration of the
hair cycle [7]. These types included: 1. Immediate anagen release, 2. Delayed anagen release, 3. Short anagen, 4. Immediate
telogen release, and 5. Delayed telogen release. Of interest, Headington noted that with type 3 effluvium, idiopathic shortening of
anagen could lead to persistent shedding since with every 50% reduction in the duration of anagen there is a corresponding
doubling of follicles in telogen [7]. Thus it was presumed that CTE was a result of shortened anagen cycles [4], but without hair
follicle miniaturization. In contrast, in AGA/FPHL, there is both miniaturization of the hairs along with shortening of the anagen
phase [1]. The clinical observation that CTE could result in shedding over a course of many years without any clinical thinning of
the scalp seemed to confirm that CTE was a distinct entity and not a precursor to AGA [2, 8]. In 2010, Gilmore and Sinclair used
a computational modeling tool called “follicular automaton” to show that a decrease in the variance of anagen duration
reproduced the features of CTE with cyclical hair loss and only minimal hair loss, whereas a decrease in duration of anagen
resulted in changes seen with AGA/FPHL [9].

Chronic telogen effluvium: a potential hormonal trigger

In the original description of 355 patients with CTE, only 10 men were identified, suggesting an overwhelming preponderance in
women; the average age was 44 years [1]. Subsequent reports have suggested that CTE does not occur exclusively in older women
[10, 11], but it does seem to occur more frequently (67%) in post-menopausal women [3]. The fact that men usually wear their
hair short may prevent an awareness of increased shedding. In a report of 123 patients with CTE, there was a “good” response in
55% of the patients to a combination of 5% minoxidil solution and hormonal supplements (cyproterone acetate, +/- estradiol) [3].

Women may uniquely encounter various hormonal and physiologic changes that can lead to alterations in the appearance, quality,
guantity, and cycling of the hair fiber and hair follicle. Clinical observations have suggested that the use of oral contraceptives,
their cessation, or hormone replacement therapy, may cause a temporary hair shedding [12]. During pregnancy there is an increase
in hair growth rate, diameter, and ratio of anagen to telogen hairs that frequently leads to a post-partum telogen effluvium [13-15].
The post-menopausal period is another period when women may have changes in hair growth parameters. In a comparison of hair
growth characteristics, the anagen to telogen ratio was decreased in post menopausal women compared to premenopausal women,
both in those with and without a self-perceived change in hair density [16].

The major change that occurs with menopause is the near cessation of ovarian estrogen production. However, in recent years it has
become clear that perimenopause or the transitition to menopause spans a variable period of time when estrogen levels can be
erratic before they decrease to the low stable levels of menopause [17]. This transitional phase occurs on average 5 years prior to
the onset of actual menopause, but can start as early as 10 years prior [18]. Certain environmental exposures such as smoking may
hasten the onset of the transitional period [19]. Interestingly, in an analysis of 123 patients with chronic telogen effluvium,
biochemical analysis revealed no significant abnormalities in values of estradiol, progesterone, androstenedione, and free
testosterone for post-menopausal women; all the levels were in the low-normal range [3]. This finding is supportive of the concept
that the actual level of estrogen or other hormones may not be correlated with hair shedding but rather a change or variance in
levels may lead to CTE.

Although it has been recognized that estrogen is an important modulator of hair growth, the details of the molecular regulatory
pathways have not been well characterized. Estrogen is synthesized in the ovary as well as in a number of peripheral tissues and
acts via two estrogen receptors: alpha (ER alpha) and beta (ER beta), the later of which is the predominant receptor in the hair
follicle [20, 21]. Several studies have demonstrated the influence of estrogen on the murine and other mammalian hair cycle,
specifically that it causes premature catagen and prolonged telogen [22]. However, it is clear that the distribution, expression, and
biologic activity of estrogen receptors in murine models may be quite different than in humans [23-30]. In vitro studies have
shown that organ culture of human scalp hair follicles exposed to estradiol results in decreased growth, whereas cells of the in the
dermal papilla responded with proliferation [31, 32]. Since hair growth and cycling are both influenced by numerous hormones,
growth factors, transcription factors, and cytokines, many of which are known to be modulated by estrogens, it is plausible that an
intricate orchestration of these pathways occurs in response to estrogen [33-35]. Thus in some women a period of erratic estrogen
levels during the transition to menopause (albeit in the normal range) could alter hair growth and cycling and elicit episodes of
chronic shedding, clinically seen as CTE.

Circadian clock genes and the hair follicle cycle



Almost all cells, including those of the hair follicle, have been shown to have an endogenous circadian clock [36]. These cell-
based or peripheral clocks are synchronized by the master regulator, the suprachiasmatic nucleus that is located in the
hypothalamus [36]. Circadian rhythms can be thought of as having a cyclical or oscillatory periodicity with variations in phases
and amplitude [36]. These variations can by influenced by internal signals such as hormones and by external ones such as light
[36]. The first gene identified to control circadian behavior was Period(Per) in 1971 [37]. Since then, chronobiologists have
identified a number of other clock-related genes and have expanded our understanding of how these genes influence and regulate a
number of biologic functions. Of interest to hair biology is that clock genes have been shown to regulate hair cycles [38-41].

The genes involved in regulating the circadian rhythm operate on a positive and negative feed back loop having a period of
approximately 24 hours [39]. On a basic level, the positive feedback loop is controlled by CLOCK and BMAL1 genes,
transcriptional activators, which heterodimerize and target the genes PER and CRY, which in turn heterodimerize and repress
CLOCK/BMALLI, thus creating the negative feedback [41]. It is not surprising that the hair follicle, which continuously cycles
through periods of growth (anagen), regression(catagen), and relative quiescence (telogen), is regulated by variations in phases or
amplitude of clock genes.

Our current understanding of the circadian clock genes in the hair follicle is based on in-vivo studies in both mouse and human
models, as well as in-vitro experiments. Mice lacking the BMALL gene have an interruption in the onset of anagen hair [39] and
analysis of clock genes from plucked hairs shows variations in gene expression with shift work [42]. There is also evidence that
varying gene expression of clock genes regulates the transition of hair follicles from anagen to catagen and this periodicity is
maintained in vitro organ culture in the absence of a central master regulator [38, 42].

It is known that the rhythmicity, or phase of cell-based clocks, can be influenced by internal signals such as hormones as well as
external triggers such as light [36]. Specifically, it has recently been shown that in cultured human hair follicles, thyroxine (T4)
differentially modulates expression of the peripheral molecular clock by upregulating expression of core clock genes BMALL,
PER1, CLOCK, CRY1, CRY?2 [40]. Since estrogen and androgen receptors provide important input and feedback to both the
central and peripheral clocks, sex differences are known to exist in circadian timing systems [36], and also likely influence the
hair cycle.

Pathogenesis of CTE may relate to fluctuations in estrogens leading to alterations in
hair follicle clock genes and disturbed hair cycling.

Despite being well characterized clinically and pathologically, the underlying pathogenesis of CTE is not fully understood. In
CTE, underlying factors typically seen in acute telogen effluvium are not identified. One proposed explanation for the cyclical
shedding of CTE is a change in the variance of anagen duration [9], though to our knowledge there are no known molecular
signals that directly control such a variance. Estrogen is, however, involved in the regulation of the hair cycle and is an attractive
candidate as an upstream signal that could trigger a variance in anagen duration. Specifically, estrogen has been shown to lead to
premature catagen and prolonged telogen [22]. Moreover, hormonal feedback systems are known to influence the circadian timing
system. Thus it is plausible that estrogen fluctuations paired with alterations in clock genes could lead to the cyclical and recurrent
of shedding in CTE.

Further studies will be needed to ascertain the effect of estrogen on the circadian clock genes and a potential link to CTE.
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