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Abstract

Objectives—This study examined the relationship between salivary cortisol levels and hot 

flashes during midlife. Previous studies have shown that cortisol levels increase with hot flashes in 

the laboratory, and higher cortisol levels have been associated with more severe hot flashes. 

Salivary cortisol levels were also examined in relation to total number of midlife symptoms.

Methods—Women aged 40-60 years (n=109) reported the presence or absence of 23 symptoms, 

including hot flashes, during the previous 2 weeks. Salivary samples were collected at waking, 30 

minutes after waking, 1 hour before bedtime, and at bedtime. The cortisol awakening response 

(CAR), cortisol daily decline (CDD), log transformed salivary cortisol levels at each time point, 

and mean cortisol levels were compared by hot flash report using t-tests. Logistic regression 

analyses were performed to assess the association between each cortisol measure and the presence 

or absence of hot flashes, after controlling for potential covariates.
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Results—Salivary cortisol levels were not significantly associated with hot flashes or sum of 

symptoms. Hot flash report did not differentiate women who had a positive CAR from those who 

did not, or women who showed strong CDD from those who did not.

Conclusion—Symptomatic women – defined by hot flash report or symptom total – were not 

found to have higher salivary cortisol levels.
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Introduction

Hot flashes are common around the time of the menopausal transition, with over 75% of 

women reporting some hot flash experience (Gold et al. 2006). Hot flashes involve the 

subjective sensation of heat with a rise in peripheral body temperature and sweating, 

followed by a decrease in core body temperature (Freedman 2005). The mechanisms are still 

not completely understood, but hot flashes appear to be a heat dissipation response (Sievert 

2007; Sturdee 2008) resulting from disturbances in temperature regulation in the 

hypothalamus. Hot flashes are associated with declining estrogen levels associated with the 

menopausal transition apparently because, as estrogen levels fall, there is a narrowing of the 

thermoneutral zone between core body temperatures that trigger sweating and shivering 

(Archer et al. 2011; Freedman and Blacker 2002; Freedman and Krell 1999). Elevated 

central noradrenergic activation, serotonin levels, and possibly kisspeptin, neurokinin B and 

dynorphin (KNDy) neurons are also implicated in the etiology of hot flashes (Archer et al. 

2011; Freedman and Woodward 1992; Rance et al. 2013).

Cortisol is produced by the adrenal cortex in response to stress-induced activation of the 

HPA axis (Dickerson and Kemeny 2004). With regard to hot flashes, two early studies 

examined changes in cortisol levels before, during, and after hot flashes in the laboratory. In 

the first, 18 postmenopausal women with frequent severe hot flashes showed a significant 

increase in serum adrenocorticotropic hormone (ACTH) that peaked five minutes after the 

onset of a hot flash (measured as subjective discomfort, an increase in skin temperature, and 

a fall in skin resistance over the upper sternum). A significant increase in mean serum 

cortisol peaked 10 minutes after the peak in ACTH, or 15 minutes after the start of the hot 

flash. The authors hypothesized that the stimulation of ACTH, followed by an increase in 

cortisol, could be due to altered hypothalamic neurotransmitters, or may be secondary to the 

stress of the hot flash (Meldrum et al. 1984). The second study measured changes in finger 

skin conductance, finger blood flow, and finger temperature in 6 postmenopausal women 

with frequent and severe hot flashes. Plasma cortisol levels increased during the hot flashes 

from 134 +/- 41 to 162 +/- 52 ng/ml; however, the increase was not statistically significant 

given the small number of participants (Cignarelli et al. 1989).

In the Seattle Women’s Health Study, urinary cortisol levels (collected at waking) were 

examined in relation to symptom frequency and severity recorded in diaries before, during, 

and after urine collection. Mean cortisol levels were higher for women in the late 

menopausal transition compared to women in other menopausal stages, and women with 
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increased urinary cortisol had significantly greater hot flash and cold sweat symptom 

severity compared to women without increased cortisol (Woods et al. 2006). A subsequent 

analysis grouped women into 4 groups based on the severity of 5 symptoms: hot flashes, 

mood changes, awakening at night, joint ache, and problem concentrating. The likelihood of 

being included in the “high hot flashes, joint ache, awakening at night” group was 

significantly greater in those with higher cortisol levels (Cray et al. 2010). In a study of 

women attending outpatient services for menopause in Modena, Italy, women with severe 

hot flashes had significantly higher levels of 24-hour urinary cortisol compared to women 

with none to moderate vasomotor symptoms. However, vasomotor symptom score was not a 

significant determinant of 24-hour urinary cortisol in regression analyses (Cagnacci et al. 

2011).

A rapid increase in cortisol levels occurs just after awakening, with a peak 30-45 minutes 

after awakening. After the morning peak, cortisol levels drop rapidly for a few hours, then 

decline more slowly across the day to reach a low point around midnight (Adam et al. 2006; 

Clow et al. 2010; Fries et al. 2009). In a recent study of salivary cortisol and self-reported 

hot flashes, women were divided into groups based on the number of hot flashes per day 

(≤5.5, >5.5-8.8, and >8.8). Women with the least number of hot flashes had the highest level 

of cortisol 30 minutes after awakening, and women with the greatest number of hot flashes 

had the highest cortisol level in the early afternoon. Awakening response, diurnal variation, 

and other cortisol measures did not vary in relation to the frequency of hot flashes (Reed et 

al. 2016). A study of 44 women using self-reported hot flashes (electronic diary), hair 

cortisol, and salivary cortisol, found a flatter diurnal slope in salivary cortisol associated 

with greater hot flash severity (Gibson et al. 2016). In a study of salivary cortisol and hot 

flashes measured by an ambulatory monitor, objective, but not subjective, hot flashes were 

associated with the cortisol awakening response (CAR), and women with objective hot 

flashes showed significantly higher salivary cortisol levels at 15, 30, and 45 minutes post-

waking compared to women without objective hot flashes. Women with objective hot flashes 

also tended to show higher daily cortisol levels compared to women without objective hot 

flashes (Rubin et al. 2014).

Hot flashes can be experienced as discrete, bothersome symptoms, or as a chronic stress that 

affects personal comfort and social experiences. In this study we hypothesized that women 

who report hot flashes during the past two weeks will exhibit elevated total mean cortisol 

levels, a higher CAR, and higher cortisol levels at specific time-points throughout the day. 

Salivary cortisol levels were also examined in relation to the sum of reported symptoms.

Methods

Sample

Data for this study were drawn from a cross-sectional investigation (1999-2003) of race/

ethnicity, socioeconomic status, and diurnal blood pressure (BP) patterns. Participants 

(n=211) aged 18-65, white or black, were recruited from Weill Cornell Medical College, 

Mount Sinai School of Medicine, and Harlem Hospital, using a common protocol and 

consent form approved by the institutional review committees for research involving human 

participants at each institution. At recruitment, women had no major medical problems (e.g., 
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diabetes, stroke, myocardial infarction) other than hypertension. Women taking 

antihypertensive medication were willing and able to discontinue treatment for two weeks 

prior to participation.

The analyses focused on women aged 40 to 60 (n=139) at the time of evaluation and/or 

interview to better capture hot flash experience around the time of the menopausal transition. 

Of the 139 participants, 30 were excluded from analyses because they did not provide at 

least one salivary cortisol measurement. These 30 did not differ from the 109 remaining 

participants in demographic or clinical characteristics, with the exception of body mass 

index (BMI). Women who gave salivary samples had a higher mean BMI compared with 

women who did not (30.1 kg/m2 vs. 27.7 kg/m2, p<0.05.)

Data collected

Participants completed a medical history questionnaire that included questions about 

menstruation and use of hormone therapy (HT). Menopausal status was defined as having 

had at least 12 months of amenorrhea (WHO 1981). Women who had menstruated within 

the past 12 months were grouped into a combined pre- and peri-menopausal category.

Menopausal symptoms were queried with a frequently used questionnaire that embeds 

menopausal symptoms into a list of everyday complaints (Avis et al. 1993; Obermeyer et al. 

2007). Each participant was asked whether or not she had been bothered by each of 23 

symptoms during the past 2 weeks, e.g., hot flashes, trouble sleeping, or feeling blue or 

depressed. Answers were recorded as yes/no. The presence of each symptom was added 

together for a sum of symptom report during the past two weeks that ranged from 0 to 20. In 

addition, women were asked, “In the past year, how often have you been awakened by 

sweating or hot flashes?” Answers were recorded as 0=never, 1=rarely, 1 time per month or 

less, 2=sometimes, 2-4 times per month, 3=often, 5-15 times per month, 4=almost always, 

16-30 times per month.

Height and weight were measured twice by a technician. The average of the two 

measurements was used, and body mass index (BMI) was calculated as weight divided by 

the square of height (kg/m2).

Participants were provided with four labeled Salivettes and instructed to collect 4 salivary 

samples for cortisol measures during a 24-hour period. The first sample was collected 1 hour 

before bedtime, the second sample at bedtime, the third sample at awakening, and the fourth 

sample 30 minutes after awakening. Women were instructed to record the time of collection 

for each sample and to delay breakfast until after the second sample. Only participants with 

recorded wake-up times between 4 AM and 11AM and recorded bedtimes between 8 PM 

and 2AM were included in the study. Samples were frozen at -20° C until thawed and spun 

in the laboratory immediately prior to assay. Free cortisol was measured using a time-

resolved immunoassay with fluorometric detection (Dressendorfer et al., 1992).

At least one salivary sample was collected by 109 women. Among the women who gave 

salivary samples, 3 provided only one sample, 11 gave two samples, 21 gave three, and 74 
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women contributed salivary samples for the measure of cortisol at all four points in time. 

Table 1 shows the characteristics of these 109 women.

Data were excluded if assay values were > or < 2SD from the sample mean or if the assay 

value was 0. Of the 109 women who collected salivary samples upon awakening, 89 salivary 

samples were available for analyses after exclusions, and 30 minutes after awakening 88 

salivary samples were available for analyses. One hour before bedtime, 101 salivary samples 

were available for analyses. At bedtime, 90 salivary samples were available for analyses. 

(See footnote to Table 2 for further details.)

Analyses

The four timed cortisol measures (awakening, 30 minutes after awakening, 60 minutes 

before bedtime, and bedtime) were assessed for normal distribution, and were not normally 

distributed. Untransformed cortisol levels were compared by nonparametric median and 

Mann-Whitney U distribution tests in relation to hot flash report during the past two weeks. 

The four timed cortisol levels were log transformed in order to compare means in relation to 

hot flash report. For those with all four measures of cortisol, mean log-transformed cortisol 

level was computed.

CAR is a rapid increase in cortisol levels just after awakening, with a peak 30-45 minutes 

after awakening. For participants with morning measures, the CAR was computed as the log 

transformed cortisol level at awakening subtracted from the log transformed level 30 

minutes after awakening (Adam et al. 2006). After the morning peak, cortisol levels drop 

rapidly for a few hours, then decline more slowly across the day to reach a low point around 

midnight. For women with morning and bedtime measures, cortisol daily decline (CDD_30) 

was computed by subtracting the log transformed cortisol levels measured at bedtime from 

the levels 30-min after awakening (Karlson et al. 2010). Similarly, CDD_awake was 

computed by subtracting the log transformed cortisol levels at bedtime from the levels at 

awakening.

For exploratory purposes, we examined untransformed cortisol patterns in relation to the 

presence or absence of hot flashes. Untransformed CAR and CDD were approximately 

normally distributed. We categorized women into two groups: those for whom CAR rose 

(value at awakening subtracted from the value 30 minutes after awakening, CAR >1), and 

those for whom CAR levels remained relatively flat or fell (CAR ≤1). We also examined 

diurnal patterns (CDD_awake and CDD_30) to categorize women with and without flattened 

diurnal cycles (>5 and ≤5) to compare hot flash report. The cutoff of 5 represented the 25 

percentile in CDD values.

Logistic regression analyses were performed to assess the association between each cortisol 

measure and presence or absence of hot flashes after controlling for the potential covariates 

of age, race/ethnicity, BMI, menopausal status, HT use, education, current smoking, trouble 

sleeping, and depressed mood. As a first step, bivariate analyses were performed for each 

covariate with hot flash status; covariates achieving a p-value of 0.20 or less were retained in 

the final multivariable model.
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The sum of all symptoms was examined by Pearson correlation in relation to measures of 

cortisol.

Results

Sample characteristics are shown in Table 1. Among the 109 women aged 40-60 who gave at 

least one saliva sample for cortisol, 100 answered the symptom questionnaire and 58% 

reported having been bothered by hot flashes during the two weeks prior to interview (Table 

1). With regard to being awakened by sweating or hot flashes during the past year, 24% 

reported awakening often or almost always (2 or more times/month). Forty-four percent of 

the sample were postmenopausal. Hot flash frequency varied by menopausal status and age 

(p<0.01), but did not vary significantly in relation to race/ethnicity, BMI, or use of hormone 

therapy (HT),

Mean salivary cortisol levels were higher at waking and 30 minutes after waking compared 

to 1 hour before bedtime and bedtime, as shown in Table 2 and Figure 1. As shown in Figure 

1, there are only slight differences in mean cortisol levels across the day between 

symptomatic and asymptomatic women.

Table 2 shows that there were no significant differences in mean levels of salivary cortisol 

between women with and without hot flashes. The same was true for nonparametric 

assessment of median levels of salivary cortisol in relation to hot flash report, and for 

analyses of cortisol levels in relation to awakening with hot flashes. The same was also true 

for analyses limited to pre-menopausal women, and to post-menopausal women (not shown.) 

In addition, there were no significant correlations between the sum of symptoms by Pearson 

correlation in relation to measures of cortisol (e.g., mean cortisol level, Figure 2).

Women were categorized as those for whom untransformed CAR rose (n=35), and those for 

whom CAR levels remained relatively flat or fell (n=39). Hot flash frequency was not 

significantly different between the two groups. Hot flashes were reported by 34% of those 

with CAR>1 and 41% of those with CAR≤1 (n.s.). Women were also divided into those with 

and without flattened diurnal cycles to compare hot flash report. Hot flash report did not 

differ by the shape of the cortisol diurnal decline (Table 3).

Log transformed salivary cortisol values were not correlated with age (except for 1 hour 

before bedtime), or BMI (except for CAR). Cortisol levels one hour before bedtime 

increased with increasing age (r=.203, p<0.05). Cortisol values were not associated with 

black/white ethnicity, menopausal status, use of hormone therapy, level of education, or 

depressed symptoms during the past two weeks. Women who smoked at the time of 

interview had significantly lower CDD_awake and CDD_30 values (0.80 vs. 2.16 and 0.77 

vs. 2.19 respectively, p<0.01). Log transformed cortisol levels one hour before bedtime were 

higher among women who had trouble sleeping during the past two weeks (0.72 nmol/L, s.d. 

1.2 vs. 0.06 nmol/L, s.d. 1.9, p<0.05).

Age, menopause status, current smoking, depressed mood, and trouble sleeping were found 

to be significant in relation to hot flash status in bivariate analyses at the level of p<0.20 

(Table 1) and were included in the final multivariable models. Hot flash status was not 
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significantly associated with any measure of salivary cortisol except for CDD_30 (p=0.04) 

after controlling for covariates (not shown).

Postmenopausal status increased the likelihood of hot flashes in separate multivariable 

models using each cortisol measure (except for the model with the cortisol measure 1 hour 

before bedtime). Trouble sleeping was marginally (p<0.1) or significantly related to the 

likelihood of hot flashes in all models (except for the model with the cortisol measure 1 hour 

before bedtime).

Discussion

In this study we hypothesized that symptomatic women would exhibit higher levels of 

salivary cortisol at specific time-points throughout the day, elevated total mean cortisol 

levels, and a higher CAR. We also hypothesized that cortisol levels could predict hot flash 

presence or absence. Symptomatic women were defined as those who reported hot flashes 

during the past two weeks or, in separate analyses, those who reported a higher total number 

of symptoms. None of our hypotheses were supported by the data. There was no relationship 

between hot flashes during the past two weeks and any measure of salivary cortisol, except 

for CDD_30, after controlling for covariates. This significant result may be due to the 

number of multiple tests. In addition, there was no relationship between sum of symptoms 

and any measure of salivary cortisol.

In laboratory studies, cortisol levels increased at the moment of a hot flash (Cignarelli et al. 

1989; Meldrum et al. 1984); however, we were not able to test concordant hot flashes and 

cortisol levels. Instead, our question was broader – do symptomatic women differ from 

asymptomatic women in cortisol levels and diurnal pattern? Higher levels of urinary cortisol 

have been associated with hot flash severity (Woods et al. 2006); however, Cagnacci et al. 

(2011) did not find a relationship between the Greene Climacteric Scale subscale for 

vasomotor symptoms and 24-hour urinary cortisol levels. They did find a significant 

relationship between the Greene Climacteric total symptom scale and urinary cortisol 

(Cagnacci et al. 2011). In the study presented here, salivary, not urinary cortisol, was 

measured and there was no relationship observed between salivary levels of cortisol and 

either hot flashes or the sum of symptoms.

Salivary cortisol collection has numerous advantages over serum and urinary collection 

because of the ease in collection (no blood stick, and no need to collect urine overnight or 

for 24 hours.) In addition, salivary cortisol offers an excellent assessment of free cortisol 

levels at the time of collection (Hellhammer et al. 2009).

Levels of cortisol can serve as a biomarker of stress, and stress has been identified as a 

determinant of hot flashes in some (Avis et al. 2015; Freeman et al. 2011; Gold et al. 2004; 

Kuh et al. 1997; Swartzman 1990; Thurston et al. 2008), but not all (Binfa et al. 2004; 

Sievert et al. 2007; Thurston et al. 2005) studies.

In a cross-sectional analysis of women aged 42-52 drawn from the multi-ethnic Study of 

Women’s Health Across the Nation (SWAN), perceived stress was a significant predictor of 

vasomotor symptoms after adjusting for ethnicity, lifestyle, and other confounding variables, 
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self-reported (Gold et al. 2004). Another analysis of the SWAN data showed that perceived 

stress was significantly related to longer total duration of vasomotor symptoms and longer 

post final menstrual persistence of hot flashes into the postmenopausal period (Avis et al. 

2015). Also from the SWAN, white and African-American women who reported a history of 

childhood abuse or neglect, measured retrospectively, had a greater likelihood of hot flashes 

and night sweats in age-adjusted models (Thurston et al. 2008). In a 13-year longitudinal 

study, women who experienced moderate or severe hot flashes during the study period had a 

higher baseline Perceived Stress Scale score compared to women with mild hot flashes or no 

hot flashes during the study period, p<0.01. Stress was not significantly associated with the 

duration of hot flushes in a multivariable model (Freeman et al. 2011). Finally, in many, but 

not all (Gallicchio et al. 2010), studies of BP and hot flashes, women with hot flashes exhibit 

higher BP levels (Brown et al. 2011; Erkal et al. 2014; Gast et al. 2008; Gerber et al. 2007; 

James et al. 2004; Reed et al. 2016). Assuming that an increase in BP may, in part, be related 

to stress, we hypothesized an increase in cortisol among symptomatic women. The data 

presented in this study did not support that hypothesis.

In the study presented here, symptom experience, including hot flashes, preceded the day of 

cortisol collection, therefore, retrospective symptom report could be examined in relation to 

current levels of cortisol to test the hypothesis that cortisol levels differ between 

symptomatic and asymptomatic women. It may be that episodic acute stress, perhaps 

associated with increased cortisol levels, or bothersome chronic stress, perhaps associated 

with a flattened diurnal rhythm (Adam and Kumari, 2009; Desantis et al. 2015; Kumari et al. 

2010) are associated with hot flash presence or absence. It is also possible that a different 

source of stress results in both altered cortisol levels and hot flashes or other symptoms.

Objective hot flashes have been associated with higher CAR measured with salivary cortisol, 

but in that same study, subjective hot flash reports were not associated with CAR (Rubin et 

al. 2014). Our results, based on subjective report of hot flashes from questionnaires, were 

consistent with the latter findings. Although the CAR is not influenced by phase of the 

menstrual cycle (Kudielka and Kirschbaum, 2003), phase of the menstrual cycle does affect 

hot flash frequency because pre-menopausal women are more likely to experience 

vasomotor symptoms during the late luteal phase of their cycle (Hale et al. 2003). In the 

study presented here, it is not known whether pre-menopausal women were in follicular or 

luteal phases of their cycles.

Menopausal status and hormone therapy use can affect HPA axis responsivity (Hellhammer 

et al. 2009). In the study presented here, cortisol levels did not vary by pre/post-menopausal 

status or by use of HT. In the Seattle Women’s Health Study, mean urinary cortisol levels 

were higher for women in the late menopausal transition compared to women in other 

menopausal stages (Woods et al. 2006). We were not able to examine menopausal stages 

with the same level of detail. Woods et al. (2006) did not find a relationship between 

increased cortisol and age, BMI, or sleep. Likewise, we did not find a relationship between 

levels of cortisol and age, BMI, or sleep except in cortisol levels one hour before bedtime. It 

is a limitation that we did not directly ask about contraceptive use, although four women 

listed oral contraceptives as a type of medication.
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In the study presented here, the sample size (n=109) was somewhat larger than the number 

of participants in some (but not all, Reed et al. 2016) studies that have examined hot flashes 

in relation to cortisol. Those samples ranged from 40 (Rubin et al. 2014) to 44 (Gibson et al. 

2016), 85 (Cagnacii et al. 2011), 91 (Woods et al. 2006), and 103 (Cray et al. 2010). 

Although it was possible to ask whether symptomatic women had higher levels of cortisol or 

a different diurnal pattern of cortisol rise and decline, a limitation of this study is that hot 

flashes were queried as having occurred during the past two weeks while cortisol levels were 

sampled over a 24-hour period. In addition, hot flashes were measured by subjective report 

rather than objective monitor (Carpenter et al. 1999; Sievert 2013). Future work should 

examine cortisol levels on the same day in which women are asked to keep a diary and/or 

wear an ambulatory hot flash monitor (Rubin et al. 2014). Another limitation is that the 

timing of the true peak in CAR for each individual is not known, and this could affect the 

levels of cortisol measured (Nepomnaschy et al. 2012).

In conclusion, symptomatic women – defined by hot flash report and by total number of 

symptoms – were not found to have higher levels of cortisol or a different diurnal pattern of 

cortisol rise and decline.
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Highlights

• Salivary cortisol levels were measured in 109 women aged 40-60 years, 

who reported the presence or absence of 23 symptoms, including hot 

flashes, during the previous 2 weeks.

• Women with hot flashes and other symptoms did not exhibit higher 

levels of salivary cortisol at specific time points throughout the day.

• Neither did they demonstrate a different diurnal pattern of cortisol rise 

and decline.
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Figure 1. 
Salivary cortisol levels among women aged 40-60 by hot flash experience during the past 2 

weeks.
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Figure 2. 
Sum of symptoms in relation to mean log transformed salivary cortisol levels (n=52, r=0.08, 

n.s.)
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Table 1

Sample characteristics

Women aged 40- 60 w/ at 
least 1 cortisol sample

No hot flashes during 
past 2 weeks

Hot flashes during 
past 2 weeks

P-value across hot 
flash comparison

N=109 N=58a N=42a

Age Mean (s.d.) 49.2 (5.7) 47.5 (6.0) 51.8 (3.9) p<0.001

Race/ethnicity

 White 44% 48% 38%

 Black 56% 52% 62% p=0.311

BMI Mean (s.d.) 30.1 (6.8) 29.8 (6.4) 29.8 (6.6) p=0.987

Menopausal status %

 Pre or peri 56% 68% 38.5%

 post 44% 32% 61.5% p=0.005

Symptom score (scale of 0-20)

 Mean (s.d.) 6.2 (4.6) 4.7 (3.5) 8.3 (5.1) p=0.001

Smoking %

 yes 21% 84% 71%

 no 79% 16% 29% p=0.124

Depressed mood %

 yes 36% 28% 46%

 no 64% 72% 54% p=0.055

Trouble sleeping %

 yes 45% 39% 52%

 no 55% 61% 48% p=0.173

Hormone Therapy use %

 yes 11% 9% 15%

 no 89% 91% 85% p=0.386

a
Nine women did not answer the symptom survey.

Maturitas. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gerber et al. Page 17

Table 2

Hot flashes during the past two weeks in relation to salivary cortisol measures

Women aged 40-60 No hot flashes in past 
two weeks, women 
aged 40- 60

Hot flashes in past 
two weeks among 
women aged 40-60

p-value 
across hot 
flash report

At awakening N=89a N=49 N=35

 Mean cortisol level nmol/L (sd) 11.97 (7.10) 12.55 (7.89) 11.33 (6.35)

 Mean log transformed (sd) 2.21 (1.02) 2.27 (0.90) 2.09 (1.23) ns*

30 minutes after waking N=88b N=51 N=30

 Mean cortisol level nmol/L (sd) 12.84 (7.63) 13.38 (7.58) 11.72 (8.27)

 Mean log transformed (sd) 2.19 (1.18) 2.30 (1.04) 1.92 (1.46) ns*

1 hour before bed N=98c N=53 N=37

 Mean cortisol level nmol/L (sd) 3.57 (5.33) 3.31 (4.92) 3.05 (3.28)

 Mean log transformed (sd) 0.42 (1.63) 0.19 (1.85) 0.56 (1.29) ns*

Bedtime N=90d N=50 N=34

 Mean cortisol level nmol/L (sd) 3.15 (4.72) 4.01 (6.05) 2.09 (1.75)

 Mean log transformed (sd) 0.40 (1.39) 0.53 (1.53) 0.26 (1.18) ns*

Mean cortisol level N=67 N=40 N=24

 Mean nmol/L (sd) 7.90 (3.75) 8.45 (4.16) 7.14 (3.10)

 Mean log transformed (sd) 1.26 (0.81) 1.31 (0.93) 1.18 (0.59) ns*

Cortisol Awakening Response (CAR) N=78 N=46 N=28

Mean nmol/L (sd) 0.05 (1.40) -0.02 (1.16) 0.23 (1.80) ns**

Cortisol Daily Decline from awakening 
(CDD_awake)

N=78 N=45 N=29

Mean nmol/L (sd) 1.91 (1.60) 1.81 (1.58) 2.02 (1.66) ns**

Cortisol Daily Decline from 30 minutes after 
awakening

N=76 N=44 N=27

(CDD_30) Mean nmol/L (sd) 1.96 (1.78) 1.81 (1.84) 2.11 (1.71) ns**

A total of 109 women provided saliva for cortisol samples.

a
Awakening sample: 15 missing, 1 excluded for value of 0, 4 excluded for value > mean + 2SD, thus 89 samples were available for analyses.

b
30 minutes after awakening: 16 missing, 1 excluded for value of 0, 4 excluded for value > mean + 2SD, thus 88 were available for analyses.

c
1 hour before bed: 8 missing, 1 excluded for value of 0, 2 excluded for value > mean + 2 SD, thus 98 were available for analyses.

d
Bedtime: 13 missing, 1 excluded for value of 0, 5 excluded for value > mean + 2 SD, thus 90 were available for analyses.

*
no significant differences in mean log transformed cortisol levels by t-test, or in median cortisol levels by nonparametric median test (not shown) 

in relation to hot flash report.

**
no significant difference in mean by t-test
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Table 3

Hot flash frequencies in relation to shape of Cortisol Awakening Response (CAR) and shape of Cortisol Daily 

Decline (CDD)

N Hot flash frequency P value

CAR ≤1a 39 41%

nsCAR >1b 35 34%

CDD_awake ≤5c 17 41%

nsCDD_awake >5d 57 39%

CDD_30 ≤5e 16 38%

nsCDD_30 >5f 54 37%

a
CAR flat or declines across 30 minutes after awakening

b
CAR increases across 30 minutes after awakening

c
CDD_awake fairly flat across the day, from moment of awakening

d
CDD_awake declines across the day, from moment of awakening

e
CDD_30 fairly flat across the day, from 30 minutes after awakening

f
CDD_30 declines across the day, from 30 minutes after awakening
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