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Abstract

Hot flashes (HFs) are a rapid and exaggerated heat dissipation response, consisting of profuse 

sweating, peripheral vasodilation, and feelings of intense, internal heat. They are triggered by 

small elevations in core body temperature (Tc) acting within a greatly reduced thermoneutral 

zone, i.e., the Tc region between the upper (sweating) and lower (shivering) thresholds. This is 

due in part, but not entirely, to estrogen depletion at menopause. Elevated central sympathetic 

activation, mediated through α2-adrenergic receptors, is one factor responsible for narrowing of 

the thermoneutral zone. Procedures which reduce this activation, such as paced respiration and 

clonidine administration, ameliorate HFs as will peripheral cooling. HFs are responsible for some, 

but not all, of the sleep disturbance reported during menopause. Recent work calls into question 

the role of serotonin in HFs.
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Introduction

Hot flashes (HFs) are the most common symptom of the climacteric and are reported as 

feelings of intense warmth along with sweating, flushing, and chills. Sweating is generally 

reported in the face, neck and chest. HFs usually last for 1 to 5 minutes, with some lasting as 

long as an hour [1]. The median duration of symptoms is about four years, with some lasting 

as long as 20 years [2]. In one U.S. study, 87% of the women reported daily HFs and about a 

third of those reported more than 10 per day [1]. There is some racial and ethnic variation of 

HFs with Caucasian women reporting the highest prevalence and Japanese and Chinese 

women reporting the lowest [3].
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1. Physiologic events of the hot flash

Peripheral vasodilation, demonstrated by elevated skin blood flow and temperature, occurs 

during HFs in all areas that have been studied (Fig. 1). Skin temperature increases in the 

digits, face, arms, chest, abdomen, back, and legs [4–8] and blood flow in these areas are 

elevated, as well [6–8].

Sweating and skin conductance, an electrical measure of this, also increases during HFs 

(Fig. D. 1). Molnar [5] determined the whole body sweat rate to be about 1.3 g/min in one 

subject. We measured sweating and skin conductance from the sternum at the same time in 

14 women [4]. We found a close temporal correspondence between both measures, which 

were significantly elevated. Measureable sweating occurred in 90% of the HFs.

Core body temperature (Tc) also increases prior to HFs. We measured Tc and sternal skin 

conductance during 77 HFs in 10 menopausal women who reported frequent symptoms [9]. 

We found small but significant Tc elevations before the majority of HFs and replicated these 

findings in two subsequent studies [4,10].

The Tc elevations could be caused by increased metabolic rate (heat production) and/or 

peripheral vasoconstriction (decreased heat loss). We did find significant increases in 

metabolic rate (Fig. B. 1), but they occurred at the same time as the peripheral vasodilation 

and sweating; peripheral vasoconstriction did not occur. Therefore, the Tc elevations are not 

caused by metabolic rate elevations. Small increases in heart rate, about 7–15 beats/min do 

occur along with the metabolic rate increases [5,6].

2. Objective measurement of hot flashes

Typically, diaries are used to assess treatment outcome in HF studies. However, there are 

several problems with these measures. Errors in compliance are major sources of bias [11]. 

Also, HFs occurring during sleep are not accurately reported because recall of these events 

is usually poor and many HFs do not produce awakenings [12]. Finally, placebo effects as 

large as 40–50% occur with self-reports [13]. Therefore, objective measures of HFs have 

been developed.

Increased skin conductance recorded from the sternum is presently the best objective marker 

of HFs. An increase in this measure ≥ 2µmho (electrical unit of conductance) within 30 sec 

corresponded with 95 [14], 90 [15], and 80% of reported HFs [16]. These results have been 

independently replicated [16]. Moreover, these results have been extended to men with HFs 

due to androgen depletion by GNRh agonists in the treatment of prostate cancer [17].

The skin conductance measure is also useful because it can be recorded outside the 

laboratory in daily life. Using the same recording methods with ambulatory monitors, we 

found an agreement of 85% between the skin conductance criterion and patient event marks 

[14]. A second study found an agreement of 77% [15].

However, the major drawback of skin conductance recording is that it requires the use of 

electrodes and gel, which must be changed every 24h. Therefore, the author has invented a 
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miniature, hygrometric HF recorder (Fig. 2), which requires neither electrodes nor gel [18]. 

This device will record all HFs for one month using a single hearing aid battery. It attaches 

to the skin with a double-sided sticky collar. A simple computer scoring program has been 

developed which will score one week of 24h data in <5 min.

In a recent study of patient satisfaction with the recorder, the author obtained positive 

responses from patients regarding the ease of use and appearance of the recorder [18,19].

3. Endocrinology of hot flashes

Since HFs occur in the vast majority of women having natural or surgical menopause, 

estrogens are clearly involved in their etiology. This is consistent with the fact that estrogen 

therapy virtually eliminates HFs. However, estrogen reduction alone does not explain the 

occurrence of HFs because there are no relationships between these symptoms and plasma, 

urinary, or vaginal [20] levels of estrogens, nor are there differences in plasma levels 

between women with and without HFs [9,20]. Additionally, clonidine reduces HF frequency 

but does not change estrogen levels [21], and prepubertal girls have low estrogen levels but 

no HFs.

Therefore, estrogen withdrawal is necessary but not sufficient to explain the occurrence of 

HFs. A temporal relationship was observed between HFs and luteinizing hormone (LH) 

pulses [22,23]. However, further work demonstrated that women with isolated gonadotropin 

deficiency had HFs but no LH pulses [24], and those with hypothalamic amenorrhea had LH 

pulses but no HFs. Also, HFs occur in women with LH suppression from GnRH compounds 

[25,26], in women with pituitary insufficiency and hypoestrogenism [27], and in 

hypophysectomized women, who have no LH pulses [28].

Subsequently, an opiate system was hypothesized in the etiology of HFs. Lightman [29] 

showed that an opiate antagonist reduced HF and LH pulse frequencies, although other 

research failed to replicate these results [30]. Thus, the evidence for opiate involvement in 

HFs is inconsistent.

Norepinephrine (NE) plays an important role in thermoregulation acting, in part, through α2-

adrenergic receptors. Injected into the preoptic hypothalamus, NE causes heat dissipation 

responses followed by a decline in Tc [31]. Additionally, gonadal steroids modulate central 

NE activity [32]. Although plasma NE levels do not change during HFs [6,22], these do not 

represent levels in the brain [33].

We addressed these issues using pharmacologic probes. In a controlled, laboratory 

investigation [34], we showed that yohimbine, a α2-adrenergic antagonist that elevates brain 

NE [35], triggered HFs in symptomatic but not asymptomatic menopausal women, while 

clonidine, an α2 agonist, ameliorated them. Cadaver studies have shown that most α2 

receptors in the human brain are inhibitory [36]. Blockade of these receptors with yohimbine 

would increase NE release, whereas clonidine would reduce it [37,38].
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Furthermore, estrogens modulate brain adrenergic receptors [39,40]. Taken together, these 

data formed the basis of our theory that elevated brain NE, in conjunction with estrogen 

withdrawal, are part of the etiology of HFs.

4. Thermoregulation and hot flashes

Core body temperature (Tc) in homeotherms is regulated between an upper threshold for 

sweating and a lower threshold for shivering. Between these thresholds is a neutral zone 

within which major thermoregulatory responses (sweating, shivering) do not occur [41]. 

Small adjustments within the neutral zone are performed by changes in peripheral blood 

flow. According to this theory, the heat dissipation responses of the hot flash (sweating, 

peripheral vasodilation) would be provoked if Tc crossed the upper threshold. We already 

demonstrated Tc increases before most hot flashes [4,9,10]. We, therefore, chose to study 

the width of the thermoneutral zone in women with and without HFs.

Previous research showed that warm, ambient temperature and peripheral body heating 

could provoke HFs [14,15] suggesting that the upper threshold is lowered in women with 

HFs. We then demonstrated that the lower threshold is elevated in these women by inducing 

shivering while measuring Tc [43]. We then measured the upper and lower thresholds using 

ambient heating and cooling in women with and without HFs. We measured the 

thermoneutral zone to be 0.0°C in the symptomatic women and 0.4°C in the asymptomatic 

women [44]. We then replicated the Tc sweating threshold findings using exercise. When 

sweating thresholds were reached, all symptomatic but no asymptomatic women 

demonstrated objective and subjective HFs. Sweat rates in the former group were twice 

those of the later group.

Thus, we believe that hot flashes are triggered by Tc elevations acting within a greatly 

narrowed thermoneutral zone in postmenopausal women with HFs. A HF, consisting of 

sweating and peripheral vasodilation, is provoked when Tc reaches the upper threshold. Tc 

then declines, and when the lower threshold is crossed, shivering occurs. What biochemical 

mechanisms account for this?

Basic science investigations have found that increased brain norepinephrine (NE) narrows 

the width of the thermoneutral zone [31]. Conversely, clonidine lowers NE release, raises 

the sweating threshold, and reduces the shivering threshold. We therefore hypothesize that 

increased brain NE narrows the thermoneutral zone in menopausal women with HFs.

We determined the Tc sweating threshold in women with and without HFs during I.V. 

clonidine and placebo [45]. We showed that clonidine significantly elevated the sweating 

threshold compared to placebo in the women with HFs, whereas, the opposite occurred in 

the women without HFs. We therefore believe that clonidine reduces HFs by raising the Tc 

sweating threshold.

We then conducted a similar study to examine the mechanism through which estrogen 

ameliorates HFs [46]. Symptomatic menopausal women were randomly assigned to receive 

1 mg/day 17 β-estradiol P.O. or placebo for 90 days. We found that the Tc sweating 

threshold was significantly elevated and HF frequency significantly ameliorated in the E2 
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but not the placebo group. Thus, estrogen ameliorates HFs by raising the Tc sweating 

threshold, but we do not know the precise mechanisms of this.

5. Circadian rhythm of hot flashes

Given this mechanism, we sought to determine if HF occurrence was related to the Tc 

circadian rhythm. Using 24h ambulatory monitoring, we recorded sternal SCL to detect HFs, 

ambient temperature, skin temperature, and Tc (ingested radiotelemetry pill [9]. Cosinor 

analysis revealed an HF circadian rhythm with a peak at 1825h (Fig. 3). The majority of HFs 

were preceded by Tc elevations (P<.05). HFs began at significantly higher Tc levels (36.82 

± 0.04°C) compared with all nonflash periods (36.70 ± 0.005°C). We then replicated these 

findings in symptomatic women with breast cancer using a whole-room calorimeter [47].

6. Imaging studies

We were interested to determine the brain areas associated with the physiologic and 

phenomenological aspects of the HF and employed functional magnetic resonance imaging 

(fMRI) to do this. In the first study, we used symptomatic menopausal women and 

asymptomatic amenorrheic women and induced HFs and sweating (measured with sternal 

SCL) in the scanner [48]. Significant areas of activation in the symptomatic women included 

the insular and the anterior cingulate cortex. Sweating in the amenorrheic women was 

associated with activation in the anterior cungilate and superior frontal gyrus. We believe 

the insular activation is associated with the “rush of heat” described during menopausal HFs.

In a second investigation [49], we sought to determine the temporal sequencing of the 

neuronal events underlying the HF. Methods were similar to those described above. We 

performed fMRI in a group of postmenopausal women to measure neuronal activity in the 

brainstem, insular and prefrontal cortex around the onset of an HF (detected using 

synchronously acquired skin conductance responses). Rise in brainstem activity occurred 

before the detectable onset of an HF. Insular and prefrontal activity trailed activity in the 

brainstem, appearing following HF onset. Pre-HF brainstem responses may reflect the 

functional origins of internal thermoregulatory events such as HFs. By comparison, insular 

and prefrontal activity may be associated with the phenomenological correlates of HFs.

7. Hot flashes (HFs) and sleep

Although most epidemiologic studies have found increased reports of sleep disturbance at 

menopause [50], this has not been found in most laboratory studies [51]. A study in our 

laboratory [52] found no differences among age-matched premenopausal women, 

postmenopausal symptomatic women, and postmenopausal asymptomatic women on any 

sleep measure, performance test, or questionnaire measure. Additionally, hot flashes did not 

appear to trigger awakenings or arousals based on analysis of whole-night data.

A subsequent study analyzed this last issue in greater depth by analyzing data by halves of 

the night [53]. This was done because there is more rapid eye movement (REM) sleep in the 

second half of the night. It has been shown that REM sleep suppresses thermoregulatory 

effector responses, such as sweating and peripheral vasodilation, which constitute HFs. 
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Indeed, it was found that HFs in the second half of the night occurred after the awakenings 

and arousals, whereas, those in the first half of the night preceded them and could, therefore, 

trigger them.

This temporal relationship was replicated in a recent laboratory study of 102 women, 44–56 

years of age, who complained of poor sleep [54]. Fifty-three percent of the women had 

apnea, restless legs, or both. The best predictors of objective sleep quality (laboratory sleep 

efficiency) were apneas, periodic limb movements, and arousals (R2 = 0.44, P <0.0001). 

The best predictors of subjective sleep quality (Pittsburgh Sleep Quality Index global score) 

were the Hamilton anxiety score and the number of hot flashes in the first half of the night 

(R2 = 0.19, P <0.001). It is, therefore, possible that anxiety mediates some reports of poor 

sleep.

These results may explain the difference between our first laboratory study which did not 

analyze data by halves of the night [51], and self-report studies of increased sleep 

disturbance at menopause [50]. Our findings also emphasize the importance of detecting 

primary sleep disorders, such as apnea and periodic limb movements which are highly 

disruptive of sleep and can have serious medical consequences.

8. Treatment

a. Hormone therapy (HT)

Hormone therapy is clearly the most effective treatment for HFs and is the only FDA-

approved indicator for this symptom. However, many women are presently unwilling to take 

HT due to concerns about risks. Estrogens and progestogens are discussed in detail 

elsewhere in this issue.

b. Nonhormonal Treatments

The risks of HT have prompted research on nonhormonal treatments.

8.2.1 Behavioral treatment for hot flashes—Because elevated sympathetic activation 

is involved in the etiology of HFs, relaxation-based procedures have been used to treat them. 

In one investigation [55], postmenopausal women with frequent HFs were randomly 

assigned to receive six weekly sessions of progressive muscle relaxation and slow, deep 

breathing (paced respiration) or α-wave electroencephalographic (EEG) biofeedback 

(placebo control procedure). The relaxation procedure significantly reduced both objective 

symptoms recorded in the laboratory and diary-recorded HF frequency by about 50% 

compared with the control procedure. A second study was performed in which a group of 

subjects received slow deep breathing alone, a second group received muscle relaxation 

exercise alone, and a third group received α-wave EEG biofeedback [55]. Treatment 

outcome was assessed by ambulatory monitoring of sternal skin conductance responses, 

which were used to define HFs. Only the paced respiration group showed a significant 

decline (50%) in HF frequency. There were no significant changes shown in the two other 

groups.
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In the next study, 24 symptomatic postmenopausal women were randomly assigned to 

receive paced-respiration (n=12) or α-wave EEG biofeedback (n=12), the control condition 

[56]. Treatment outcome was again assessed by ambulatory monitoring of sternal skin 

conductance. The paced respiration group showed a significant decline in HF frequency 

(again about 50%) compared with no change in the control group. The last controlled study 

[56] randomly assigned symptomatic postmenopausal women to receive relaxation response 

training (paced respiration plus mental focusing), a reading control group, or no treatment. 

The relaxation response group showed a significant reduction in HF intensity, but not 

frequency. There was no significant change in the other groups. Thus, we conclude that 

paced respiration training produces a significant decline in HF frequency and, perhaps, 

intensity. There are no known harmful effects.

8.2.2 Clonidine—As noted earlier, clonidine ameliorates HFs by widening the 

thermoneutral zone. Two small placebo-controlled studies found that clonidine P.O. reduced 

HF frequency by 46% and transdermal clonidine reduced it by 80% [58]. Two studies of 

breast cancer survivors receiving tamoxifen showed smaller, but significant reductions in 

HF frequency for oral [59] and transdermal clonidine [60] compared with placebo. Side 

effects of clonidine include hypotension, dry mouth, and sedation [61].

8.2.3 Serotonergic agents—Work described above has implicated elevated brain NE in 

the reduction of the thermoneutral zone in symptomatic postmenopausal women. Basic 

science investigations have shown that NE and serotonin (5-HT) tend to work in opposite 

fashion [31]. These observations suggested that compounds that increase the availability of 

5-HT in brain might ameliorate HFs.

Several studies have found effectiveness for some antidepressants in the treatment of HFs. 

Paroxetine, an SSRI, decreased HF composite scores by 62% (12.5 mg/day) and 65% (25.0 

mg/day) in 165 women reporting 2–3 HFs/day [62]. The placebo response rate was 37.8%. 

Fluoxetine is another selective 5HT reuptake inhibitor used to treat HFs. A study of women 

with breast cancer found a reduction in HF frequency of about 20% compared to placebo 

[63]. Venlafaxine, a serotonin-norepinephrine reuptake inhibitor, has also shown some 

positive results in the treatment of HFs. In a study of 229 women, this drug reduced HF 

scores by 60% from baseline at 75 and 150 mg/day and 37% at 37.5 mg/day compared with 

27% for placebo [64]. Side effects of these antidepressants include insomnia, sleepiness, and 

dry mouth.

A recent study of 205 women given 10–20 mg/day of escitalopram found small but 

significant reductions in reported HF frequency and severity [65]. However, another recent 

study using an objective outcome measure (ambulatory HF recording) found no such effects 

using the same doses [66]. A similar investigation, using 5-HT, the immediate precursor of 

5-HT, also found no significant therapeutic effects [67]. Given the mechanisms described 

above, a reduction in brain 5-HT should worsen HFs. However, a recent study performed 

this using acute tryptophan depletion and objective HF recordings. There were no significant 

effects whatsoever upon HFs. Taken together, these studies raise serious questions regarding 

the role of 5-HT in HFs.
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8.2.4 Isoflavones and botanical compounds—Isoflavones or phytoestrogens have 

estrogenic properties and are found in soy products and red clover. Black cohosh is another 

plant-derived compound used to treat hot flashes. A recent controlled trial by Newton et al. 

found no significant effects, whatsoever, for black cohosh [65]. A recent review of 22 

clinical trials, 12 on soy and 10 on other botanicals, showed no consistent improvement of 

HFs relative to placebo [66].

8.2.5 Gabapentin—Gabapentin is an anticonvulsant of unknown mechanism, which was 

accidentally found to reduce HFs in some women. A recent review found that gabapentin 

reduced HF frequency by 45–71% in four clinical trials [68]. The most common adverse 

effects were somnolence, ataxia, and dizziness.
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Fig. 1. 
(A), Core body temperature (means) during menopausal hot flashes. (B), Respiratory 

exchange ratio (means) during hot flashes. (C), Mean skin temperature (means) during hot 

flashes. (D), Sternal skin conductance (means) during hot flashes. Time 0 is the beginning of 

the sternal skin conductance response. Intervals between arrows are significantly different 

from each other at P<.05, Duncan’s test.
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Fig. 2. 
Miniature hot flash recorder invented by the author.
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Fig. 3. 
Hot flash frequency and Tc during 24h. Hot flash frequency in 10 symptomatic women 

(bars); best-fit cosine curve for hot flash frequency (dashed line); 24h Tc data for 10 

symptomatic women (○) with best fit cosine curve (solid line); 24h Tc data in 6 

asymptomatic women (□) with best-fit cosine curve (dotted line).
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