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Hot flashes are common in peri- and postmenopausal women and negatively impact quality of life.  The frequency and severity of hot flashes are generally measured by self-report, which may not be complete, especially during sleep.  We designed and tested the accuracy of a miniature hot flash monitor that measures changes in skin conductance to automatically detect hot flash frequency in ambulatory women over a 7-day period. 





A belt-worn prototype recorder was tested on 11 women to optimize the placement of electrodes, adhesion of the electrodes, conductance of the gel, and to minimize effects of the electrodes on the skin.  Subsequently, we built a miniature monitor (Figures 2 and 3) and developed pattern recognition software to automatically detect hot flashes compared to self-report by a diary or by an event marker built into the monitor that is triggered by a magnetic ring, (Figures 4, 5 and 6).  We developed and optimized the pattern recognition software using data from 20 women.  Participants were healthy peri- and postmenopausal women aged 45-60 with 2 or more hot flashes per day by self-report.  





We conducted focus groups with clinical researchers, menopausal women with hot flashes, and engineers to determine the optimal characteristics of a miniature ambulatory hot flash monitor.  We tested and selected a conductive adhesive polymer electrode that yields baseline skin conductance less than 1 µS, which yields a larger hot flash-to-baseline ratio. (Figure 1).





BACKGROUND





METHODS





Figure 1: Side-by-side comparison of two types of electrodes worn by the same subject at the same time.  Left: Biolog cream produces about 6 µS baseline conductance.  Sweating caused by exercise (marked by circles) causes about 30% change.  Right: Conductive adhesive gel produces about 0.8 µS baseline conductance and has much less motion artifact.





Figure 5: Seven day recording on the miniature hot flash monitor (blue circles are self-recorded hot flashes using the magnet-activated event recorder built into the monitor) 





Figure 6: Two-hour recording of hot flash activity on the miniature hot flash monitor





Figure 4: Magnetic ring used to trigger event marker





The miniature ambulatory monitor is 70 x 22 x 5 mm, weighs 14 g, is worn on the anterior chest either above or between the breasts and is not visible under clothing. The monitor was reported by participants to be comfortable, unobtrusive and easy to attach and remove.  Research staff reported that the monitor is easy to start, attach and remove, data are easy to download via a wire attached to a personal computer USB port.  Battery life is about 3 weeks.





Participants could not have had a menstrual period in the past 6 months and had no known allergy to adhesive or tape.  There were no restrictions on medications but women with pacemakers or implantable defibrillators were not included.  Participants agreed not to travel by airplane during the study.  Women attended a clinic visit then wore the monitor continuously for 7 days, except for bathing or showering, and replaced electrodes whenever they became loose or dirty.  They recorded all hot flashes on a diary for only the first 3 monitoring days, since our experience and that of others 1,2 indicated that adherence with keeping the diary and the accuracy of self-recording decreases after a few days.  Measurements included demographics and health habits, a brief medical history, menopausal symptoms, height, weight and chest dimension, skin site assessment and participant satisfaction questionnaires.





Figure 3: Subject wearing the miniature monitor





Figure 2: Miniature monitor compared to commercially available Biolog Hot Flash Monitor
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During 7 days of use in this cohort, the electrode patch came off and had to be replaced by 5 participants and there were 15 reports of the patch loosening but not falling off.  Effects of the electrode adhesive on the skin were mild and reversible.  Nine participants reported reddening on the skin at the site of the electrode while research staff observed a moderate (bright pink) reaction in 2 participants and a mild (faint pink) reaction in 18 participants.





During 3 days of diary keeping, 20 participants in the development cohort reported a total of 887 hot flashes. The mean number of hot flashes reported per day was 14.8 (+9.6). Measures of the accuracy of the miniature hot flash recorder compared to self reported hot flashes (either on the diary or by activation of the event marker in the monitor) are presented in Table 1. Sensitivity was 0.93 (+0.05), specificity was 0.98 (+0.013), the positive predictive value was 0.87 (+0.13), and the negative predictive value was 0.99 (+0.013). 





Table 1. Accuracy of the miniature hot flash recorder compared to self-reported hot flashes.�


   














PPV and specificity are artificially low since participants are not always compliant with self-report.  


Figure 7 is an example of a 7 day recording where multiple hot flashes were reported in the first two days of recording and correlated with the monitor recording. Subsequently fewer hot flashes were self-reported. 














 





Figure 7: 7 day recording with diminishing self-report markers
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In conclusion, a miniature ambulatory hot flash monitor that uses a conductive adhesive polymer electrode and measures changes in skin conductance accurately identifies menopausal hot flashes over a 7-day period.


Acknowledgement: This hot flash monitoring system was developed under National Institutes of Health, National Center for Complementary and Alternative Medicine grant 1R43AT003180-01.
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