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Abstract

Background Insight into the physical processes of aging
can be gained by comparing the loss of facial volume that
occurs during aging with the dramatic fat loss resulting
from acquired lipoatrophy, including human immunodefi-
ciency virus (HIV) treatment-associated lipoatrophy. The
superficial effects of aging, such as rhytid formation, often
are the focus of investigations into this phenomenon.
However, age-related volume loss often is ignored.
Methods A review of the relevant literature was con-
ducted to provide an overview of age-related lipoatrophy
and its etiology and to compare it by facial region with
HIV-associated facial lipoatrophy.

Results As a side effect of highly active antiretroviral
therapy, HIV-associated lipoatrophy results in fat lipodys-
trophy (including both lipoatrophy and lipohypertrophy)
and progresses toward nearly complete subdermal facial fat
loss. Aging is accompanied by changes in the soft tissues of
the face, leaving atrophic regions of generalized tissue
ptosis. Some facial regions are affected differently by fat
loss, depending on its cause. In the aging patient, certain
parts of the face display only minimal fat loss.
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Conclusions The role of fat loss in facial aging is slight
compared with its considerable role in HIV-associated
lipoatrophy. The losses of various facial tissues and the
ptosis of some soft tissues are strong contributors to the
appearance of the aged face. This regional anatomic
assessment of the face engenders a more thorough under-
standing of the progression that characterizes volume
changes associated with aging.

Keywords Age-related lipoatrophy - Dermal fat loss -
Facial aging - Facial volume loss - Human
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The physical consequences of aging to the skin, particu-
larly the face, have received considerable attention in the
past decade. However, because facial aging often is trivi-
alized and because it has a minimal adverse impact on the
health of the individual, it is not considered a target for
scientific research or medical treatment. Despite this, an
entire industry has developed to improve the outward
appearance of individuals.

Patients with human immunodeficiency virus (HIV) who
are receiving highly active antiretroviral therapy (HAART)
have been observed to experience lipodystrophy, including
facial lipoatrophy [10]. In particular, the loss of facial fat,
including the buccal fat and temporal fat pads, leads to
facial skeletonization with concave cheeks, prominent
nasolabial folds, periorbital hollowing, and visible facial
musculature [8, 17, 26]. These volume deficits alter the
contours of the face from youthful, healthy, convex curves
to aged, pathologic, concave contours [15, 19, 23, 50].
Insight into the physical process of aging can be obtained
by comparing the loss of facial volume that occurs during
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aging with the dramatic fat loss associated with drug-
related facial lipoatrophy [12].

The effects of facial aging often are narrowly focused on
consideration of superficial wrinkles and sagging skin. The
majority of products attempting to rejuvenate the face are
aimed at the amelioration of wrinkles, with the issue of
sagging skin reserved for surgical tightening procedures
such as face-lifts. However, this approach to the treatment
of facial aging ignores one of its most important factors:
the loss of volume beneath the wrinkled sagging skin [4].
We know that photodamage, specifically, seems to cause
significant collagen deterioration and elastin reorganization
[21, 25, 46] as well as water barrier depletion in the stratum
corneum [44, 47]. Volume depletion appears to be the
major contributor not only to wrinkles but also to the
descent or sagging of the tissues [12, 56].

Little research has been undertaken to determine how
age influences facial volume in different anatomic regions.
Such research, however, may help us better elucidate the
mechanisms of facial aging and refine our treatment
choices.

The American Society for Aesthetic Plastic Surgery has
reported that more than 9 million nonsurgical cosmetic
procedures were performed in 2006, compared with
approximately 2 million surgical procedures the same year
[51]. Indeed, compared with 1997, the number of nonsur-
gical procedures reportedly has increased by 747%,
compared with only a 98% increase in surgical procedures.
Approximately 50% of the nonsurgical procedures
involved soft-tissue injections (e.g., botulinum toxin type
A, stabilized hyaluronic acid). Despite these trends, the
physiologic and anatomic cause of facial aging remains
elusive, and consensus about these has yet to be reached.

Contributing to the staggering increase in nonsurgical
rejuvenating facial procedures has been the introduction of
many new cosmetic injection products that have met high
levels of consumer acceptance. Modern soft tissue aug-
mentation dates back to the late 1800s when Neuber [41]
first used autologous fat from the arm to correct depressed
facial scars. Currently, popular compounds include botu-
linum toxin type A, collagen (e.g., bovine, human),
stabilized hyaluronic acid, hydrophilic polyacrylamide,
calcium hydroxylapatite and polymethylmethacrylate.
These products help to enhance facial appearance either by
relaxing hyperdynamic lines, in the case of botulinum toxin
type A, or by filling rhytids, grooves, and areas of soft
tissue loss.

At the same time, knowledge of the underlying physical
and physiologic processes of facial aging has not expanded
at the same rate as the rise in products and procedures.
When applied to facial rejuvenation, many of these new
devices are used off-label, beyond their current indication.
Such usage, coupled with a lack of clinical trial data, can

lead to unrealistic expectations and an increased incidence
of adverse outcomes [32].

Facial lipoatrophy has been observed to occur in more
than 80% of HIV patients treated with HAART [45], fre-
quently within the first year of HAART treatment [38], and
most commonly within the first 5 years of treatment. The
HAART approach typically involves the combination of
several drugs including nucleoside reverse transcriptase
inhibitors (NRTIs), protease inhibitors (PIs), and non-
nucleoside reverse transcriptase inhibitors (NNRTIs).

Several hypotheses have been proposed to explain the
mechanism of lipodystrophy action in HAART patients,
including mitochondrial damage from NRTIs [42] and an
interaction between PIs and the enzymes involved in lipid
metabolism [7, 9]. However, the precise mechanism of
lipoatrophy associated with HAART still is not understood.
Facial lipoatrophy can leave patients stigmatized because
they may be unable to hide their HIV status, which has a
negative impact on self-esteem and quality of life [11, 30,
39]. Even more disturbing, the results of lipoatrophy in
these patients can lead to compliance issues, seriously
reducing the effectiveness of HAART and consequently the
individual’s health [1]. By comparing HIV-associated lip-
oatrophy with generalized facial aging, patterns of volume
depletion can be elucidated such that treatment for each
can be better directed.

Aging, Lipoatrophy, and Quality of Life

Even without physical debilitation, negative facial changes
can have an impact on quality of life. Generalized facial
aging and HIV-associated facial lipoatrophy can have a
profound psychological effect and, in more extreme forms,
may draw undesired reactions from others [30]. It is not
difficult to understand how aging or lipoatrophy can result
in lowered self-esteem and social withdrawal. With more
extreme psychological discomfort, an individual’s dis-
pleasure with his or her appearance may reduce interaction
with family, friends, and health providers, potentially
damaging both physical and mental health [22].
Returning patients to a state of comfort with their
appearance can improve their quality of life and should
therefore be considered of paramount importance. It can be
argued that when lipoatrophy is a side effect of medical
treatment, such as HAART, addressing the aesthetic con-
dition can become as important as treating the underlying
disease [39]. In one study, two-thirds of HIV-infected
patients stated that they would prefer to lose 1 year of their
life rather than experience the facial changes associated
with lipoatrophy [33]. This finding is less shocking when
considered in light of the overwhelmingly large aes-
thetic industry that caters to healthy individuals with
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neither life-threatening illness nor aesthetic defects that
could in any way be perceived as “disfiguring.”

In addition, the lipoatrophy associated with HAART is
like a “scarlet letter” announcing the disease to all who
recognize the typical facial features. Studies have shown that
treatments providing aesthetic enhancement significantly
contribute to returning satisfaction with physical appearance
and even improving marital relations [11, 16, 30].

Overview of Lipoatrophy

Lipoatrophy presents in several lipodystrophy conditions,
which can be organized as being either inherited or
acquired [17]. Although rare, three types of inherited lip-
odystrophy exist: congenital generalized lipodystrophy,
mandibuloacral dysplasia, or familial partial lipodystrophy.
Facial lipoatrophy, specifically, can be present in congen-
ital generalized lipodystrophy such as Perry-Romberg
syndrome or mandibuloacral dysplasia, but rarely presents
in familial partial lipodystrophy, the only autosomal
dominant form [17].

Four types of acquired lipodystrophy exist: generalized,
partial (Barraquer-Simons syndrome), localized, or HIV-
treatment associated lipodystrophy [17]. Generalized lipo-
dystrophy typically presents in childhood as a result of
immune-mediated disease, such as juvenile dermatomyo-
sitis, and can cause fat loss throughout the body, with the
most severe depletion occurring in the face, arms, and legs.
Partial lipodystrophy is thought to be the most common
autoimmune-mediated fat-wasting condition in childhood
or adolescence. The associated fat loss in this case, how-
ever, is limited to the upper body, with fat sparing in the
lower limbs. Localized lipodystrophy typically presents as
small indentations of fat loss related to a local insult (e.g.,
corticosteroid injections, trauma). Human immunodefi-
ciency virus treatment associated lipodystrophy is the most
prevalent acquired type, causing hypertrophy of central
visceral and dorsocervical fat, wasting of peripheral body
fat and, most dramatically, facial fat loss (Fig. 1) [17].

Etiology of Human Immunodeficiency Virus
Lipoatrophy

Initiated in the mid-1990s, HAART still is considered the
mainstay treatment option for HIV. The first observations
of metabolic and morphologic alterations resulting from
HAART were noted in the late 1990s [10]. In addition to
the observed hyperglycemia, hyperinsulinemia, hyperlip-
idemia, and hypertension, HIV patients treated with
HAART were experiencing irregular fat deposits and def-
icits [34]. Specifically, accumulations of central visceral fat
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Fig. 1 Characteristic appearance of human immunodeficiency virus
(HIV) lipoatrophy. From Coleman SR: Structural Fat Grafting.
Quality Medical Publishing, Inc: St. Louis, 2004

and dorsocervical fat (lipohypertrophy) were noted, toge-
ther with the loss of peripheral fat (lipoatrophy) in the
upper and lower limbs, buttocks, and face. Together, these
fat and metabolic changes are known as lipodystrophy
syndrome [10].

Certain factors are observed as contributing to the pre-
sentation of HIV-related lipoatrophy, such as the use and
duration of antiretrovirals, CD4 count, viral load, race, sex,
exercise level, and age at the start of the therapy [35].
Although the underlying causes of lipodystrophy remain
elusive, research has implicated PIs, NRTIs, and even
drug-naive HIV involvement. For example, the PIs
responsible for cellular retinoic acid-binding protein type 1
(CRABP-1) inhibition, may be accountable for the apop-
tosis of peripheral adipocytes [10]. The interplay between
CRABP-1 and peroxisome proliferators-activated recep-
tors, preferentially expressed peripherally, is postulated to
be responsible for regional adipose apoptosis [52]. Because
of their mitochondrial toxicity, NRTIs have been associ-
ated with lipoatrophy. Mitochondrial DNA polymerase,
which is necessary for mitochondrial DNA replication, has
a high sensitivity to NRTIs [6, 28]. The interference of
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NRTIs affects the ability of mitochondria to carry out
oxidative phosphorylation, leading to an overabundance of
pyruvate and lactic acid, which destroys adipocytes [20].

Regional Anatomy of Volume Depletion: Human
Immunodeficiency Virus-Associated Facial
Lipoatrophy Compared With Facial Aging

Cutaneous Layers

Located immediately beneath the skin is the hypodermis,
or subcutaneous layer, composed of adipose tissue, a robust
capillary plexus, dermal papillae, and eccrine ducts. In
addition to the fat in this layer, adipose tissue can be found
as dense loculations known as “fat pads” in the cheeks
(buccal fat pads), orbit (periorbital fat pads), and temples
(superficial temporal fat pads; Fig. 2). Moreover, the
cheeks tend to have a greater supply of dispersed subcu-
taneous fat than other regions. Eccrine glands, hair bulbs,
blood vessels, lymphatic channels, and nerves also are
located in this superficial adipose layer. The muscles of
facial expression are separated from the skin by this
superficial fatty layer. The facial musculature attaches to
the skin of the face via the superficial musculoaponeurotic

Fig. 2 Position of facial “fat pads.” Reproduced with permission
from: Rohrich RJ, Pessa JE: The fat compartments of the face:
Anatomy and clinical implications for cosmetic surgery. Plast
Reconstr Surg 119(7):2219-2227, discussion 2228-2231, 2007

system, which encompasses the muscle with fascia,
orchestrating facial movement and causing facial expres-
sion with even the subtlest muscle contraction [5, 15, 40].

Patients with HIV-associated lipoatrophy progress
toward subtotal loss of hypodermal fat in the face that is
disproportionate to the loss of adnexal tissue [54]. Skin
thickness also is observed to become somewhat atrophic [3,
23, 50, 54]. This fat depletion can occur within the first
year of treatment [38] and is 45% more likely to occur with
every additional 6 months of HAART [37].

Patients with HIV-associated lipoatrophy have a fairly
rapid and localized loss of facial soft tissue, unlike the
slower loss of facial fullness associated with generalized
aging (Fig. 3). In both cases, however, the resulting atrophy
and deflation of the soft tissues causes skin laxity and
descent of the previously inflated skin. The muscles lying
juxtaposed to subcutaneous tissue and attached to the
overlying skin become more apparent. With a decrease in
skin thickness and hypodermal fat, each muscle contraction
can result in exaggerated facial expressions. Some of these
resulting rhytids and folds can project negative emotions
such as anger, disdain, and surprise, which may be discor-
dant with the actual feelings of the patient. In both patient

<

Fig. 3 Progressive changes in the aging face. From Coleman SR:
Structural Fat Grafting. Quality Medical Publishing, Inc: St. Louis,
2004
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populations, the loss of adnexal structures and fullness
reduces tissue elasticity, resulting in collapse and sub-
sequent descent of the skin.

Generally, beginning at the age of 20 years, individuals
naturally succumb to a progressive decrease in cutaneous
thickness in the cheeks, temples, and orbits [15, 19, 23, 50],
with noticeable signs of aging becoming apparent at
30 years. It is the speed and the degree to which this
happens in specific areas of the face that differentiates
generalized aging from HIV-related lipoatrophy [14].

Periorbital Region

Volume in the periorbital region is due to the underlying
bone, muscle, and fat. The orbicularis oculi muscle pro-
vides fullness within and beyond the orbital bones and is
responsible for the wrinkling at the lateral margin of the
orbit, or the “crow’s feet.” The periorbital fat pads in the
upper and lower eyelids also contribute significantly to
periorbital volume.

In both HIV-associated lipoatrophy and generalized
facial aging, the orbit exhibits nearly uniform volume loss,
exaggerating the orbital rims superiorly, medially, and
laterally. Considerable hollowing can be seen along the
infraorbital rim, consistent with the loss of fat pads in this
region. In the authors’ experience, the glabella tends to be
spared from the effects of fat loss in HIV-associated lipo-
atrophy but not in generalized aging. The loss of volume in
the superior aspect of the orbit results in deflation of the
previously full tissues and the descent of the now appar-
ently excess upper eyelid skin. This skin tends either to fall
forward toward the ciliary margin or to fall posteriorly,
accentuating a deep, hollow crease.

Temple

The majority of volume in the temple is contributed by the
temporalis muscle and the deep and superficial temporal fat
pads. Concavity of the temples is highly consistent with the
effects of both HIV-associated lipoatrophy and aging. At
an advanced stage of either aging or HIV-related atrophy,
the frontal process of the zygomatic bone and the superior
border of the zygomatic arch can become visible, giving a
sharply angulated appearance to the forehead.

Perioral Region

The perioral region has a relative absence of fat, with the
lip volume composed predominantly of the obicularis oris
muscle and skin. The depletion of lip volume with sub-
sequent flattening of the white roll/vermillion border and
philtral columns is typical of generalized aging, but in
HIV-related lipoatrophy patients, no noticeable change
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occurs in this region. Typical of generalized aging, the
upper lip lengthens. There is less show of the maxillary
incisors, and the lip inverts. The lower lip loses submucosal
fullness, inverts, and has less of a pout. Other aging
changes include the development of radial lip lines and
descent of the mouth angles, contributing to marionette
lines.

Midface and Cheek

The midface and cheek portion of the face exhibit the most
dramatic contrast in generalized aging- and HIV-related
lipoatrophy. The HIV-associated lipoatrophy patient tends
to sustain complete fat loss in the preauricular, buccal, and
malar areas, leading to pathognomonic concavities where
there were once convex, full facial features. The patient
treated with HAART typically has this concavity as well as
nasolabial banding, or a redundancy of nasolabial skin that
occurs as the volume of fat inflating the buccal and malar
regions is lost. Additionally, the zygomaticus and masseter
muscle striations can become visible through the atrophic
skin. In the most severe cases, a skeletonized appearance
results, presenting as an obvious sign of the disease.

Certain elements of the aging face are similar to the facial
characteristics displayed by the HIV patient with lipoatro-
phy, including loss of the convex contours of youth. In the
aging face, however, the degree of hollowing in the cheek,
especially in the anterior malar and buccal cheek, is not as
pronounced as it is with HIV-related lipoatrophy. In fact, in
most healthy aging faces, the anterior malar fat is retained
even into extreme old age. Atrophy in this area usually is
associated with illness, starvation, or reactions to drugs.

Whereas almost no change to the perioral region occurs
with age-related lipoatrophy, the extreme atrophy of the
anterior cheek seen with HIV-related lipoatrophy can allow
the emptied skin of the cheek to “pleat” over the nasolabial
fold, thereby accentuating the fold. Restoring fullness to
the cheek can correct this apparent deepening of the fold,
even without filling the fold itself.

In a recent clinical trial by Hanke and Redbord [24], the
difference between age- and HIV-related facial lipoatrophy
of the midface/cheek was aptly demonstrated [24]. The
average severity of lipoatrophy at baseline in this popula-
tion, as assessed using the 5-point Facial Lipoatrophy
Grading Scale (range, 0 [no lipoatrophy] to 5 [severe
depression of one or more facial regions, severe promi-
nence of bony landmarks, and clear visibility of the
underlying musculature]) [2] was 4.0 for HIV patients
compared with 2.1 for patients undergoing treatment for
age-related facial lipoatrophy. These patients then were
treated with injectable poly-L-lactic acid (PLLA), a bio-
compatible, biodegradable synthetic polymer device that
elicits an increase in dermal volume after injection [18].
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Injectable PLLA currently is approved in Europe, Can-
ada, and the United States for the restoration or correction
of lipoatrophy signs in people with HIV. It also is approved
in Europe, Brazil, Australia, and Canada for the cosmetic
correction of facial volume defects, and currently is under
review by the Food and Drug Administration (FDA) in the
United States for volume restoration or correction of facial
wrinkles and folds, such as nasolabial lines or folds. All
other uses should be considered off-label.

In the trial by Hanke and Redbord [24], due to the
greater severity of lipoatrophy in HIV patients, the mean
total number of injectable PLLA treatments undertaken
was greater (n = 4.6) than in the HIV-negative population
(n = 2.7). Furthermore, HIV-lipoatrophy patients demon-
strated a longer time until full correction (23.9 weeks;
average improvement of —2.3 in the lipoatrophy score)
than patients undergoing treatment for age-related facial
lipoatrophy (17.4 weeks; average improvement of —1.2 in
the lipoatrophy score).

Jaw Line

The angle and body of the mandible, with its overlying
masseter and platysma muscles, define the inferior border
of the lower face and create the jaw line. The jaw line can
be exaggerated in HAART patients depleted of facial fat,
allowing the skin to sheath the musculoskeletal features
more closely. This also occurs in the aged face, but there
often is remaining fat that descends below and obscures the
edge of the mandible as the facial fullness deflates.

General Features

Although HIV-associated lipoatrophy is not age depen-
dent, it can be exacerbated with chronologic aging and is
more severe when HAART is initiated at an advanced
age. Because the disease can affect people at any age, the
reorganization that occurs is not necessarily reflected in
the condition [43]. Compared with the experience of
chronologically aged patients, visual protrusion of the
maxilla and mandible is apparent with HIV-associated
lipoatrophy as the mid-face is depleted of fat volume and
develops the lateral concavities that typify the condition.
The aging patient undergoes bony resorption and reorga-
nization, with some retrusion of the maxilla and mandible
and reduction in the underlying surface area for soft tissue
support that allows the skin to sag [36, 43, 56]. On the
other hand, the patient with HIV-associated lipoatrophy
can have an apparent increase in prominence of the
maxilla and mandible as the surrounding soft tissues
recede.

Conclusion

Recently, a variety of substances have been used safely to
correct signs of aging or facial fat loss including fat, col-
lagen, polymethylmethacrylate, calcium hydroxylapatite,
and injectable PLLA [27, 29, 31, 48, 49, 53, 55]. A
desirable treatment option involves filling the deficits with
autologous fat [13], but this is not always an option for
patients without much central body fat, such as those with
HIV-related lipodystrophy. Additionally, not all patients
are prepared or medically able to undergo a surgical pro-
cedure. As the etiology of the manifestations of facial
aging is increasingly understood, physicians are better able
to recommend and administer the most appropriate cor-
rective strategy for the subtly different signs of facial
aging.

The recent recognition of HIV-associated facial lipoat-
rophy as a side effect of HAART treatment presents the
aesthetically oriented physician with a new model for
comparison with the aging face. The concavities and vol-
ume distortions that result from HIV-associated facial
lipoatrophy present certain similarities and differences
compared with the aging face, providing an opportunity for
better understanding the aesthetic effects of volume chan-
ges in the face. The regional anatomic comparisons herein
suggest a lesser role of fat loss in facial aging, in contrast to
its considerable role in HIV-associated lipoatrophy.
Instead, with aging, skin and subcutaneous atrophy
(including loss of collagen, elastin, hyaluronic acid, bony
skeleton, and water), and the subsequent ptosis of soft
tissues contribute to the appearance of the aged face.
Through this regional anatomic assessment of the face, we
have a more thorough understanding of the characteristic
progression of volume changes associated with aging and
HIV-associated facial atrophy.
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