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Men’s health represents an often-overlooked aspect of public health. Men have higher mortality rates worldwide and are
more negatively affected by chronic conditions such as obesity and heart disease, as well as addiction to alcohol and tobac-
co. Men also have health issues such as prostate cancer and male sexual dysfunction which only affect them. Because of the
skewed burden of morbidity and mortality on men, it is imperative from a public health perspective to make a concerted ef-
fort to specifically improve men’s health. The use of wearable devices in medical practice presents a novel avenue to invest in
men’s health in a safe, easily scalable, and economic fashion. Wearable devices are now ubiquitous in society, and their use
in the healthcare setting is only increasing with time. There are commercially available devices such as smart watches which
are available to lay people and healthcare professionals alike to improve overall health and wellness, and there are also pur-
pose-built wearable devices which are used to track or treat a specific disease. In our review of the literature, we found that
while research in the field of wearable devices is still in its early stages, there is ample evidence that wearable devices can
greatly improve men’s health in the long-term.
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INTRODUCTION

Sex and gender can dictate how diseases affect indi-
viduals physically, mentally, and socially. Surmount-
ing these differences remains a unique challenge in
healthcare, particularly when it comes to men’s health.
Data from the Human Mortality Database indicates
that worldwide, men aged 1540 die at a rate 2—3
times higher than women, and that this gender gap
in mortality continues to increase with age [1]. Men
also experience higher mortality in nine out of the ten

highest causes of death in the United States [2]. While
this gender gap in mortality should be of utmost con-
cern, it is important to note that men also have gener-
ally worse outcomes when considering diseases that
place a large burden on the healthcare system [3,4].
Therefore, focusing on men’s health issues before they
lead to mortality should remain a critical facet of pub-
lic health initiatives that aim to reduce the strain on
already overburdened healthcare systems worldwide.
Specific issues which disproportionately affect men
include lack of involvement in healthcare decisions, in-
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Table 1. Wearable devices in men’s health
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Parameter

Alcohol and
tobacco use

Obesity and

heart disease

Secure Continuous

Remote Alcohol
Monitor

BACtrack Skyn

Smartphones

Acoustic Sensors

PACT2.0

Nicotine s-band

Fitbit

Smartwatches

Amulet Wearable

Plastic strip

Magnet

MSP430G2452

uss

'i

, I

B
L}

Measures transdermal alcohol content. Traditionally used for
court-monitored sobriety.

Measures transdermal alcohol in real time. Suitable for consumer use.

"Drunk User Interface" apps measure errors in typing and can measure
level of intoxication in real time.

Measures smoking-related breathing patterns and measures the num-
ber of "smoking puffs" per cigarette.

Provides geographic analysis of smoking behaviors through GPS track-
ing information.

Sweat band that monitors nicotine levels. Used to measure nicotine
exposure through second hand smoke.

Features step count, heart rate, and motivational reminders. Designed
specifically to monitor physical activity progress.

Step count, heart rate, blood pressure, and ECG monitoring are features
of commercially available devices.

Smart-watch device specifically created to enhance activity in the
elderly population.
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Table 1. Continued
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Device

Parameter

Bioelectrical Impedance
Analysis (BIA) Device

Wrist-worn Oscillometric
Blood Pressure Monitor

Male sexual health  FirmTech ring

Apollo™ Wearables

Morari Medical Device

Viberect

Gives real time measurements of body fat.

Used for continuous blood pressure monitoring with similar accuracy to
pressure cuff monitors.

Monitors penile tumescence, rigidity, and frequency of nocturnal
erections.

Provides vibrations to the skin with adjustable intensity and frequency.

Device placed on perineum claiming to stimulate nerves to delay
premature ejaculation.

Penile vibrator claiming to cause a well-tolerated erectogenic effect.

creased rates of tobacco and alcohol use, increased rates
of obesity and heart disease, prostate cancer, and male-
specific sexual health. These men’s health issues incur
a significant economic burden on our healthcare sys-
tem; therefore, it stands to reason that we must invest
specifically in men’s health. However, despite current
efforts to invest in public health infrastructure, men’s
health has not been made a top priority at a national
level [2,4-6].

Wearable technology represents a novel way to
invest in men’s health in a safe, effective, and eco-
nomic manner. While the use of wearable technology
in healthcare seems like a far-off concept, the idea of

wearable devices has been around for some time. The
first wearable computers were developed in the 1960s,
and in the six decades since, wearable device technol-
ogy has improved exponentially [7]. Wearable devices
come in many forms, both in research applications as
well as commercially available products. Some of the
most recognizable smart devices are smart watches and
smart glasses produced by companies such as Apple
or Google, but other wearable devices with healthcare
applications include smart garments, hand and foot-
worn devices, patch-embedded sensors, and implants
[8] (Table 1). Because of their portability and ability
to continuously monitor patients, wearable devices
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enhance access to care in underserved areas by provid-
ing users another mode of interaction with healthcare
providers without having to go to the hospital or doc-
tor’s office [9]. In addition, wearable devices may help
surmount psychosocial barriers to receiving healthcare,
such as anxiety or embarrassment, by limiting the
necessary number of appointments and hospital visits
for patients. Perhaps the most widely studied wearable
technologies currently used in healthcare are the con-
tinuous glucose monitors (CGMs) and insulin pumps
used by diabetics. These devices make a time-consum-
ing and uncomfortable task (i.e., blood glucose measure-
ment, insulin injection) into a simple, almost automatic
process. CGMs and insulin pumps are wearable devices
shown to be superior to traditional methods [10] and
are widely used by 40% of patients with type 1 dia-
betes [11]. Thus, wearable devices have already been
shown to be a powerful tool for improving health. With
regards to men’s health specifically, there have been
great strides in using commercially available wearable
devices to manage chronic medical conditions, while
custom devices such as FirmTech’s erection ring (https:/
myfirmtech.com/) and Morari Medical’s premature
ejaculation patch (https://morarimedical.com/) represent
a new frontier in wearable technology for men’s sexual
health. In the following review, we have identified five
different domains of men’s health, and outline how
both tailor-made and commercially available wearable
devices are used in the management of these condi-
tions.

HEALTHY LIFESTYLES AND
WELLBEING

Gender differences play a significant role in shaping
the overall decision-making process and health-related
behaviors [12]. Past research has shown that men are
more likely to engage in risky behaviors [13]. This can
lead to poorer health outcomes and chronic illnesses
with earlier age of onset. Furthermore, previous studies
have shown men have increased mortality and mor-
bidity rates across various illnesses such as cancer and
heart disease [14]. This is partly because men are less
likely to undergo routine health screenings that can
detect certain conditions earlier on to prevent compli-
cations of different chronic diseases. For example, past
research shows that screening for colorectal cancer,
diabetes, and cholesterol levels were all lower in men
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compared to women [15].

This data therefore suggests that poorer health out-
comes in men are because they are less likely to be
proactive and engaged in health-promoting behaviors.
Through more frequent primary care visits and rou-
tine physical/mental health examinations, different
illnesses and complications of chronic diseases can be
prevented. The HEYMAN study demonstrated that
targeted intervention programs using wearable activity
trackers are an effective strategy to promote healthy
lifestyle behaviors in young men [16]. Activity trackers
such as the FitBit are well established as feasible and
reliable technologies, and findings from studies in men
with prostate cancer support the integration of fitness
tracker data into clinical care [17]. Through resources
such as support videos, physical activity trackers, and
private discussion groups, men can more easily take
responsibility for their health. Healthcare professionals
often find that the use of wearable devices improves
patient involvement and compliance with treatment
[18,19]. Routine doctor appointments may be more dif-
ficult for patients to comply with due to lack of access
and time, however more feasible, yet effective, options
can still be implemented through the use of wearable
devices. While wearable devices can be used to improve
patient compliance, it is still possible that patients with
inadequate health literacy may misinterpret wear-
able device data and delay seeking out appropriate
and timely medical care. However, clinicians can use
information from wearable devices when counseling
patients on various healthy lifestyle modifications,
and increase men’s engagement with their health.
Ultimately, physicians need to continue using novel
technologies to encourage men to keep up with routine
health screenings and prioritize their physical and
mental wellness.

TOBACCO AND ALCOHOL USE

Generally, men are more likely to drink alcohol than
women [20]. Not only do men drink more frequently
than women, they have a higher tendency to drink
greater volumes in one setting [21]. There have been
different theories postulating as to why this trend ex-
ists. The idea of masculinity and conforming to social
norms may explain why men, particularly adolescents
and young adults, feel obligated to drink excessively
[22]. Alcohol use not only leads to biological damage
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to the human body, but also correlates with increased
risk-taking behaviors which are also more prevalent
in men. Excessive alcohol consumption can lead to se-
vere liver disease, neuropsychiatric deficits, and vari-
ous malignant cancers [23]. Risky behaviors associated
with alcohol dependence include driving under the
influence, vehicle accidents, and violence [24]. Ulti-
mately, uncontrolled alcohol use can lead to a slippery
slope that seems to negatively impact men’s health at
a higher rate. Smoking is another maladaptive habit
behavior that is more frequently seen in men [25]. Men
have also been shown to smoke more cigarettes per
day than women [26]. Higher smoking rates may be
due to the longstanding trend that men are less likely
to seek psychiatric help for mental health issues, and
as a result, do not learn healthy coping mechanisms
[27]. Rather than addressing their problems, males feel
obligated to internalize stress and anxiety, which has
been historically shown to lead to unhealthy behaviors
such as smoking [28]. With the emergence of the vap-
ing epidemic, adolescents have recently become one of
the most vulnerable populations to the harmful effects
of tobacco smoking. In addition to the traditional nega-
tive effects of smoking such as respiratory diseases and
cancers, tobacco use at a younger age has been linked
to fertility problems and impotence [29].

Wearable devices are available that monitor alcohol
levels and intoxication. A commonly used product in
clinical trials, the Secure Continuous Remote Alcohol
Monitor (SCRAM), uses transdermal measurements
to record alcohol content in sweat and absorption and
elimination rate of alcohol [30]. However, these devices
are bulky and instead, wrist-worn biosensors are a less
invasive method of continuous monitoring of alcohol
consumption. As opposed to the SCRAM, there are
devices such as the BACtrack Skyn that can measure
fluctuations in alcohol intake and are more suited for
those who are interested in cessation [31]. However, this
device is only available as a prototype and not for con-
sumer purchase as improvements are needed to make
the product durable and accurate. Furthermore, some
sensors measure behaviors that can be altered due to
alcohol consumption, such as gait, rate of typing on a
mobile device, and number of errors made while typ-
ing [32]. This allows people to continuously monitor the
negative effects of alcohol on their bodies in real time.

Due to the continued public health threat from to-
bacco smoking, various products monitor nicotine levels
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and assist in smoking cessation. In order to monitor
smoking rates in individuals, wearable sensors are
available. Some products allow for the measurement of
the frequency of “smoking puffs” per cigarette and also
calculate the number of cigarettes smoked in various
intervals (hours, days, etc.) [33]. Wearable devices pro-
vide objective data to users about their smoking habits,
allowing users to more deeply analyze their smoking
behaviors and eliminate memory biases, which is ben-
eficial for those who are attempting to reduce their
smoking habits over a long period of time. [34]. Wear-
able sensors, such as the Personal Automatic Cigarette
Tracker v2, or PACT2.0, have GPS function, allowing
for analysis of smoking events based on the individ-
ual's location [35]. This novel feature can provide new
insights into smoking habits and can be important
for targeted interventions for smoking cessation. Cur-
rently, there is a wearable sweat band that measures
nicotine levels in sweat that is excreted during physical
activity [36]. This can be particularly useful for people
who are concerned about secondhand smoke and can
determine in real-time their nicotine exposure when
they are interacting with those who are smoking.

OBESITY AND HEART DISEASE

Obesity is a global epidemic, with skyrocketing obesi-
ty rates worldwide. Since 1975, worldwide obesity rates
have tripled [37], and men remain the most affected
by this disease. In the United States, 34.1% of men are
overweight, and 43% are obese, compared to 27.5% and
41.9% of women respectively [38]. While obesity itself
is a disease that contributes to morbidity and mortal-
ity, it is inextricably linked to cardiovascular disease,
which is the leading cause of death worldwide [39,40].
Obesity contributes to heart disease indirectly by lead-
ing to cardiovascular risk factors such as type 2 diabe-
tes mellitus, hypertension, and sleep apnea; however, it
is also a direct contributor to cardiovascular morbidity
and mortality in and of itself [41]. In fact, obesity is the
dominant risk factor for heart disease in men. Lower-
ing BMI to <25 kg/m” would reduce the 10-year risk
for coronary heart disease in men by 47%, even after
correcting for other contributing factors [42]. Overall
rates of cardiovascular disease are higher in men until
age 80, which has been attributed to inherent biologi-
cal differences between men and women in the patho-
genesis of cardiovascular disease (e.g., cardioprotective
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effects of estrogen), as well as increased prevalence of
risk factors such as obesity in men [43]. However, men
also continue to have increased cardiovascular mortal-
ity independent of nearly all major risk factors, includ-
ing obesity [43-45]. The inherent risk for obesity and
cardiovascular disease in men, and the overall burden
it places on healthcare systems worldwide makes this
a ripe target for innovative strategies involving cost-
effective and highly efficient wearable tech devices.

Already, wearable technologies are being used to
target obesity and heart disease. In England, the Na-
tional Health Service (NHS) has begun distributing
wearable devices as part of a program for obesity pre-
vention [46]. The major goal of wearable tech devices
is to increase physical activity and encourage weight
loss and healthy habits [47]. Commercially available
devices such as the Fitbit, and smartwatches pro-
duced by Apple, Google, Samsung, etc. include activity
trackers, step counters, heart rate monitors, as well as
encouraging messages which motivate and enable us-
ers to increase physical activity. It has been shown in
numerous clinical trials that the use of these off-the-
shelf devices significantly increases physical activity
and weight loss in overweight and obese patients [47-
50]. New, custom wearable devices are also being devel-
oped specifically for weight loss. A new device is being
developed to specifically target the elderly popula-
tion which may not as easily adopt current wearable
devices [51]. Another example of a custom device for
obesity is a prototype bioelectrical impedance analysis
(BIA) device which provides real time analysis of body
fat percentage comparable to that of a DEXA scan [52].
These devices, while still in their nascent stages, repre-
sent a new frontier in wearable device technology that
will be used to fight obesity in many populations. How-
ever, it 1s important to note that more research needs
to be done in this field. Because of the complexity of
factors that affect weight loss, studies cannot assess
whether wearable devices independently affect weight
loss [47,49,53,54]. Regardless, based on current evidence,
it 1s still recommended that health care professionals
should consider adopting this technology to promote
weight loss in obese patients [47,53].

Beyond tracking activity to promote weight loss,
wearable devices can help treat heart disease by di-
rectly tracking heart rate, rhythm, blood pressure, and
other biochemical parameters [55-57]. Studies have
validated wrist-worn oscillometric and cuffless wear-
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able devices for continuous blood pressure monitoring.
The use of these devices facilitates patient adherence
to blood pressure checks and allows physicians to use
accurate data to screen patients for hypertension and
guide treatment [58-60]. Similar technology has been
studied more extensively for heart failure patients. In
one study, patients who were managed with a portable
pulmonary arterial pressure monitor had a 39% re-
duction in heart failure-related hospitalization [61]. In
other studies, heart failure patients managed with a
multi-wearable device strategy (wearable ECG monitor,
blood pressure monitor, and O, sensor) had lower all-
cause mortality [62,63]. While wearable device strate-
gies for hypertension and heart failure require more
specialized equipment, management of arrhythmias
such as atrial fibrillation is more feasible with com-
mercial systems. Studies indicate that the Apple Watch
and other smartwatch devices have clinically accept-
able accuracy for heart rate measurements and had a
specificity of 94% and sensitivity of 93% in detecting
atrial fibrillation [64,65]. The use of these devices will
allow patients to target when they take medications,
such as anticoagulants, only when an irregular pulse
is detected [66,67]. While many devices marketed to-
wards managing cardiovascular disease have passed
U.S. Food and Drug Administration (FDA) clearance,
none has achieved stringent FDA approval yet [55].
Thus, reflecting the necessity for more research in this
arena. Overall, it is evident that while more research is
needed, both commercially available and custom-made
wearable devices are the future of healthcare when it
comes to obesity and heart disease, which are two ma-
jor facets of men’s healthcare and overall public health.

PROSTATE CANCER

Prostate cancer is the most common cancer in men
worldwide [68]. While appropriate timely doctor ap-
pointments are the most effective primary prevention
method, it is also necessary to improve quality of life in
men with current or previous diagnosis. Improvements
include exercise, diet, and weight control, all of which
are recommended in most instances [69].

In a pilot study using wearable devices, vigorous
activity, brisk walking, smoking cessation, and six di-
etary improvements were tracked in men with prostate
cancer [70]. Diet improvements included replacing solid
fats with vegetable oils, consumption of cruciferous
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vegetables, cooked tomatoes, fish, and avoiding all pro-
cessed meat and single vitamin or mineral supplements
(unless medically prescribed; multivitamins or fish oil
were allowed). Findings of the study indicated that the
group with wearable devices significantly improved in
all outcomes involving healthier lifestyle choices when
compared to the control group. Outcomes at 12 weeks
indicated that the intervention arm with wearable de-
vices significantly improved in consumption of cooked
tomatoes, cruciferous vegetables, fish, and processed
meat, but not vegetable fat. Furthermore, moderate to
vigorous activity, and steps per day increased in com-
parison to control, but not to the extent of statistical
significance [70].

Lee et al [71] observed the use of wearable pedom-
eters and smartphone applications in men treated with
androgen deprivation therapy for prostate cancer. It
was found that both wearable pedometers and smart-
phone applications significantly improved physical
exercise and function while preserving a high rate
of maintenance [71]. While most studies discuss posi-
tive findings on the effects and compliance of wear-
able technologies, it is important to continue finding
methods to improve patient compliance. These studies
provide evidence that wearable technologies are ac-
ceptable and feasible which is important to reduce non-
compliance [72]. Other studies on patients with cancer
provide similar results on feasibility and compliance
with wearable technologies [72]. A recent study found
that wearable technologies that provided generated
data to patients increased the likelihood of users, com-
pliance, and engagement [73].

MEN’S SEXUAL HEALTH

Wearable devices may also be implemented in men's
sexual health. A variety of products are currently mar-
keted in sexual health. Yet, research remains scarce or
absent in this field. A penis ring known as FirmTech™
ring is marketed as a device that can indicate cardio-
vascular health, the duration of erection, and the firm-
ness of the penis. Although there are currently no pub-
lished studies on its efficacy, its proposed mechanism to
assess changes in sexual and cardiovascular health is
valid. The ring's ability to count the number of noctur-
nal erections over time may provide important data to
patients and clinicians. Monitoring of nocturnal penile
tumescence and rigidity may be a useful tool in the
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evaluation of male sexual dysfunction over time [74].
Other wearable vibratory devices such as the Apol-
lo™ Wearable provides vibrations to the body through
any part of the body claiming to promote relaxation.
No clinical trials have studied its efficacy and whether
its vibrations are as efficacious as other established
technologies used in vibration therapy. Morari Medical
company is developing a wearable patch advertised to
interfere with the nerve signals from the penis to the
brain to delay an ejaculation. There are several man-
agement options for premature ejaculation, but none
are approved by the FDA. Current studies support the
off-label use of selective serotonin reuptake inhibitors,
local anesthetics, and mental health assessment [75].
To our knowledge, there are no studies on devices that
can treat or delay premature ejaculation. However, the
HuMOVE platform is a wearable device specifically for
human sexual performance analysis compatible with
sexual intercourse [76]. The device is described as a
helpful tool for physicians to accurately classify sexual
disorders, such as premature or delayed ejaculation [76].
Another new technology in the men’s sexual health
space 1s the Viberect device. This device is a non-inva-
sive penile vibrator claiming to cause a well-tolerated
erectogenic effect [77]. Minimal clinical research in-
dicates that penile vibratory stimulation may be an
effective method to provoke erections via neuro-stim-
ulatory principles [78]. Two clinical trials, which have
since been discontinued, observed its effect on men
with mild-moderate erectile dysfunction (NCT01715571)
and to enhance recovery of erectile function and uri-
nary continence post-prostatectomy (NCT01718704).

CONCLUSION

While wearable devices are still in their nascent
stages in the healthcare arena, it is already evident
that men’s health will be positively impacted using
wearable technology. Wearable devices are simple to
use and implement in a healthcare setting, and can ei-
ther be purchased off-the-shelf, or produced specifically
for the treatment of different conditions. Already, phy-
sicians and national healthcare systems are incorporat-
ing these devices into their practice because of the ac-
curate user feedback, monitoring, and awareness they
provide [7,18]. Meanwhile, continuous technological
advancements are increasing the accuracy of measure-
ments made by wearable devices, while also expanding
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their use for a variety of different diseases. As these

advances are made, we expect wearable devices to have

more integration in the management of men’s health.

Conflict of Interest

The authors have nothing to disclose.

Funding

This work was supported by National Institutes of Health
Grant R01 DK130991 and Clinician Scientist Development
Grant from the American Cancer Society to Ranjith Ramasamy.

Author Contribution

Conceptualization: RR. Investigation: FMQ, RG, AG. Writing:
FMQ, RG, AG, RR.

REFERENCES

10.

8

. Zarulli V, Kashnitsky I, Vaupel JW. Death rates at specific life

stages mold the sex gap in life expectancy. Proc Natl Acad Sci
U S A 2021;118:2010588118.

. Paulos MR. The evolution of men's health. R T Med ] (2013)

2022;105:7-9.

Fenstermaker M, Paknikar S, Rambhatla A, Ohl DA, Skolarus
TA, Dupree JM. The state of men's health services in the vet-
erans health administration. Curr Urol Rep 2017;18:88.
Semlow AR, Ellison JM, Jaeger EC, Griffith DM. Healthy
men 2030: setting men's health goals as a tool to improve the
nation's health and achieve health equity. Health Educ Behav
2021;48:393-6.

. Nuzzo JL. Men's health in the United States: a national health

paradox. Aging Male 2020;23:42-52.

Basaria S. Bringing men's health into the limelight. ] Gerontol
A Biol Sci Med Sci 2019;74:817-9.

Lu L, Zhang J, Xie Y, Gao E Xu S, Wu X, et al. Wearable health
devices in health care: narrative systematic review. JMIR
Mbhealth Uhealth 2020;8:€18907.

. Sharma A, Badea M, Tiwari S, Marty JL. Wearable biosensors:

an alternative and practical approach in healthcare and dis-
ease monitoring. Molecules 2021;26:748.

Vijayan V, Connolly JP, Condell ], McKelvey N, Gardiner P.
Review of wearable devices and data collection considerations
for connected health. Sensors (Basel) 2021;21:5589.

Yeh HC, Brown TT, Maruthur N, Ranasinghe P, Berger Z, Suh

YD, et al. Comparative effectiveness and safety of methods

www.wjmh.org

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

The World Journal of

MEN's HEALTH

of insulin delivery and glucose monitoring for diabetes mel-
litus: a systematic review and meta-analysis. Ann Intern Med
2012;157:336-47.

Umpierrez GE, Klonoff DC. Diabetes technology update: use
of insulin pumps and continuous glucose monitoring in the
hospital. Diabetes Care 2018;41:1579-89.

Courtenay WH. Constructions of masculinity and their influ-
ence on men's well-being: a theory of gender and health. Soc
Sci Med 2000;50:1385-401.

Verdonk P, Seesing H, de Rijk A. Doing masculinity, not do-
ing health? A qualitative study among Dutch male employees
about health beliefs and workplace physical activity. BMC
Public Health 2010;10:712.

Teo CH, Ng CJ, Booth A, White A. Barriers and facilitators
to health screening in men: a systematic review. Soc Sci Med
2016;165:168-76.

Borkhoff CM, Saskin R, Rabeneck L, Baxter NN, Liu Y, Tin-
mouth J, et al. Disparities in receipt of screening tests for
cancer, diabetes and high cholesterol in Ontario, Canada:
a population-based study using area-based methods. Can J
Public Health 2013;104:e284-90.

Ashton LM, Morgan PJ, Hutchesson M]J, Rollo ME, Collins
CE. Feasibility and preliminary efficacy of the HEYMAN'
healthy lifestyle program for young men: a pilot randomised
controlled trial. Nutr ] 2017;16:2.

Rosenberg D, Kadokura EA, Bouldin ED, Miyawaki CE, Hi-
gano CS, Hartzler AL. Acceptability of Fitbit for physical ac-
tivity tracking within clinical care among men with prostate
cancer. AMIA Annu Symp Proc 2017;2016:1050-9.

. Mosconi P, Radrezza S, Lettieri E, Santoro E. Use of health

apps and wearable devices: survey among Italian Associations
for Patient Advocacy. JMIR Mhealth Uhealth 2019;7:e10242.
Kim JW, Ryu B, Cho S, Heo E, Kim Y, Lee J, et al. Impact of
personal health records and wearables on health outcomes
and patient response: three-arm randomized controlled trial.
JMIR Mhealth Uhealth 2019;7:¢12070.

White AM. Gender differences in the epidemiology of alco-
hol use and related harms in the United States. Alcohol Res
2020;40:01.

White A, Castle IJ, Chen CM, Shirley M, Roach D, Hingson
R. Converging patterns of alcohol use and related outcomes
among females and males in the United States, 2002 to 2012.
Alcohol Clin Exp Res 2015;39:1712-26.

Iwamoto DK, Cheng A, Lee CS, Takamatsu S, Gordon D.
"Man-ing" up and getting drunk: the role of masculine norms,
alcohol intoxication and alcohol-related problems among col-
lege men. Addict Behav 2011;36:906-11.

Cargiulo T. Understanding the health impact of alcohol de-



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

he World Journal of

MEN's HEALTH

pendence. Am ] Health Syst Pharm 2007;64(5 Suppl 3):S5-11.
Erratum in: Am J Health Syst Pharm 2007;64:803.
Korlakunta A, Reddy CMP. High-risk behavior in patients
with alcohol dependence. Indian ] Psychiatry 2019;61:125-30.
Chinwong D, Mookmanee N, Chongpornchai J, Chinwong
S. A comparison of gender differences in smoking behaviors,
intention to quit, and nicotine dependence among Thai uni-
versity students. ] Addict 2018;2018:8081670.

Syamlal G, Mazurek JM, Dube SR. Gender differences
in smoking among U.S. working adults. Am ] Prev Med
2014;47:467-75.

Sagar-Ouriaghli I, Godfrey E, Bridge L, Meade L, Brown JSL.
Improving mental health service utilization among men: a
systematic review and synthesis of behavior change tech-
niques within interventions targeting help-seeking. Am J
Mens Health 2019;13:1557988319857009.

Seidler ZE, Dawes AJ, Rice SM, Oliffe JL, Dhillon HM. The
role of masculinity in men's help-seeking for depression: a
systematic review. Clin Psychol Rev 2016;49:106-18.
Pisinger CH, Nielsen F, Halldorsson A, Godtfredsen
NS. [Smoking is associated with health risks even when
cessation is before the age of 30 years]. Ugeskr Laeger
2021;183:V08200570. Danish.

Davis-Martin RE, Alessi SM, Boudreaux ED. Alcohol use
disorder in the age of technology: a review of wearable bio-
sensors in alcohol use disorder treatment. Front Psychiatry
2021;12:642813.

Wang Y, Fridberg DJ, Leeman RFE, Cook RL, Porges EC. Wrist-
worn alcohol biosensors: strengths, limitations, and future
directions. Alcohol 2019;81:83-92.

Mariakakis A, Parsi S, Patel SN, Wobbrock JO. Drunk user
interfaces: determining blood alcohol level through everyday
smartphone tasks. Paper presented at: 2018 CHI Conference
on Human Factors in Computing Systems; 2018 Apr 21-26;
Montreal, QC, Canada. p. 234.

Imtiaz MH, Ramos-Garcia RI, Wattal S, Tiffany S, Sazonov E.
Wearable sensors for monitoring of cigarette smoking in free-
living: a systematic review. Sensors (Basel) 2019;19:4678.
Shiffman S, Gwaltney CJ, Balabanis MH, Liu KS, Paty JA,
Kassel JD, et al. Immediate antecedents of cigarette smoking:
an analysis from ecological momentary assessment. ] Abnorm
Psychol 2002;111:531-45.

Imtiaz MH, Ramos-Garcia RI, Senyurek VY, Tiffany S, Sa-
zonov E. Development of a multisensory wearable system for
monitoring cigarette smoking behavior in free-living condi-
tions. Electronics (Basel) 2017;6:104.

Tai LC, Ahn CH, Nyein HYY, Ji W, Bariya M, Lin Y, et al.

Nicotine monitoring with a wearable sweat band. ACS Sens

Farhan M. Qureshi, et al: Wearable Devices in Men'’s Health I

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

2020;5:1831-7.

World Health Organization (WHO). Obesity and overweight
[Internet]. Geneva: WHO; 2021 [cited 2022 Sep 1]. Available
from: https://www.who.int/news-room/fact-sheets/detail/
obesity-and-overweight.

National Institute of Diabetes and Digestive and Kidney Dis-
eases. Overweight & obesity statistics [Internet]. Bethesda
(MD): National Institutes of Health; c2021 [cited 2022 Aug
31]. Available from: https://www.niddk.nih.gov/health-infor-
mation/health-statistics/overweight-obesity.

World Health Organization (WHO). The top 10 causes of
death [Internet]. Geneva: WHO; ¢2020 [cited 2022 Sep 1].
Available from: https://www.who.int/news-room/fact-sheets/
detail/the-top-10-causes-of-death.

Murphy SL, Kochanek KD, Xu J, Arias E. Mortality in the
United States, 2020. NCHS Data Brief 2021;427:1-8.
Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-
Larsen P, Lavie CJ, et al. Obesity and cardiovascular disease:
a scientific statement from the American Heart Association.
Circulation 2021;143:984-1010.

Nanchahal K, Morris JN, Sullivan LM, Wilson PW. Coronary
heart disease risk in men and the epidemic of overweight and
obesity. Int ] Obes (Lond) 2005;29:317-23.

Peters SAE, Muntner P, Woodward M. Sex differences in the
prevalence of, and trends in, cardiovascular risk factors, treat-
ment, and control in the United States, 2001 to 2016. Circula-
tion 2019;139:1025-35.

Song X, Tabak AG, Zethelius B, Yudkin JS, Soderberg S, Laa-
tikainen T, et al.; DECODE Study Group. Obesity attenuates
gender differences in cardiovascular mortality. Cardiovasc
Diabetol 2014;13:144.

Kotchen JM, Cox-Ganser ], Wright CJ, Kotchen TA. Gender
differences in obesity-related cardiovascular disease risk fac-
tors among participants in a weight loss programme. Int J
Obes Relat Metab Disord 1993;17:145-51.

National Health Service (NHS). Digital diabetes prevention
rolled out as part of NHS long term plan [Internet]. Leeds:
NHS; c2019 [cited 2022 Sep 9]. Available from: https://www.
england.nhs.uk/2019/08/digital-diabetes-prevention-rolled-
out-as-part-of-nhs-long-term-plan/.

Cheatham SW, Stull KR, Fantigrassi M, Motel I. The efficacy
of wearable activity tracking technology as part of a weight
loss program: a systematic review. ] Sports Med Phys Fitness
2018;58:534-48.

McDonough DJ, Su X, Gao Z. Health wearable devices for
weight and BMI reduction in individuals with overweight/
obesity and chronic comorbidities: systematic review and net-
work meta-analysis. Br ] Sports Med 2021;55:917-25.

www.wjmh.org 9


https://doi.org/10.1145/3173574.3173808
https://doi.org/10.1145/3173574.3173808
https://doi.org/10.1145/3173574.3173808
https://doi.org/10.1145/3173574.3173808
https://doi.org/10.1145/3173574.3173808
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity
https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.england.nhs.uk/2019/08/digital-diabetes-prevention-rolled-out-as-part-of-nhs-long-term-plan/
https://www.england.nhs.uk/2019/08/digital-diabetes-prevention-rolled-out-as-part-of-nhs-long-term-plan/
https://www.england.nhs.uk/2019/08/digital-diabetes-prevention-rolled-out-as-part-of-nhs-long-term-plan/

| hitps://doi.org/10.5534/wjmh.220205

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Fawcett E, Van Velthoven MH, Meinert E. Long-term weight
management using wearable technology in overweight and
obese adults: systematic review. JMIR Mhealth Uhealth
2020;8:e13461.

Wang JB, Cataldo JK, Ayala GX, Natarajan L, Cadmus-
Bertram LA, White MM, et al. Mobile and wearable device
features that matter in promoting physical activity. ] Mob
Technol Med 2016;5:2-11.

Batsis JA, Zagaria A, Kotz DF, Bartels SJ, Boateng GG, Proc-
tor PO, et al. Usability evaluation for the amulet wearable
device in rural older adults with obesity. Gerontechnology
2018;17:151-9.

Jung MH, Namkoong K, Lee Y, Koh Y], Eom K, Jang H, et
al. Wrist-wearable bioelectrical impedance analyzer with
miniature electrodes for daily obesity management. Sci Rep
2021;11:1238.

The Lancet Digital Health. Wearable technology and lifestyle
management: the fight against obesity and diabetes. Lancet
Digit Health 2019;1:e243.

Jakicic JM, Davis KK, Rogers R], King WC, Marcus MD,
Helsel D, et al. Effect of wearable technology combined with
a lifestyle intervention on long-term weight loss: the IDEA
randomized clinical trial. JAMA 2016;316:1161-71. Erratum
in: JAMA 2016;316:1498.

Bayoumy K, Gaber M, Elshafeey A, Mhaimeed O, Dineen EH,
Marvel FA, et al. Smart wearable devices in cardiovascular
care: where we are and how to move forward. Nat Rev Cardiol
2021;18:581-99.

Pevnick JM, Birkeland K, Zimmer R, Elad Y, Kedan I. Wear-
able technology for cardiology: an update and framework for
the future. Trends Cardiovasc Med 2018;28:144-50.

Mizuno A, Changolkar S, Patel MS. Wearable devices to mon-
itor and reduce the risk of cardiovascular disease: evidence
and opportunities. Annu Rev Med 2021;72:459-71.

Kario K. Management of hypertension in the digital era: small
wearable monitoring devices for remote blood pressure moni-
toring. Hypertension 2020;76:640-50.

Konstantinidis D, Iliakis P, Tatakis F, Thomopoulos K, Dimi-
triadis K, Tousoulis D, et al. Wearable blood pressure mea-
surement devices and new approaches in hypertension man-
agement: the digital era. ] Hum Hypertens 2022;36:945-51.
Kuwabara M, Harada K, Hishiki Y, Kario K. Validation of two
watch-type wearable blood pressure monitors according to
the ANSI/AAMI/ISO81060-2:2013 guidelines: Omron HEM-
6410T-ZM and HEM-6410T-ZL. J Clin Hypertens (Green-
wich) 2019;21:853-58.

Vibitis H, Jergensen JB. Renal pelvic calculi and neoplasm.

New indication for treatment of asymptomatic renal pelvic

10 www.wjmh.org

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

he World Journal of

MEN's HEALTH

calculi? Rev Med Chir Soc Med Nat Iasi 1990;94:517-9.
Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider
K, Kirwan BA, et al. Efficacy of telemedical interventional
management in patients with heart failure (TIM-HF2): a ran-
domised, controlled, parallel-group, unmasked trial. Lancet
2018;392:1047-57.

Dendale P, De Keulenaer G, Troisfontaines P, Weytjens C,
Mullens W, Elegeert 1, et al. Effect of a telemonitoring-facil-
itated collaboration between general practitioner and heart
failure clinic on mortality and rehospitalization rates in severe
heart failure: the TEMA-HF 1 (TElemonitoring in the MAn-
agement of Heart Failure) study. Eur ] Heart Fail 2012;14:333-
40.

Falter M, Budts W, Goetschalckx K, Cornelissen V, Buys R.
Accuracy of Apple watch measurements for heart rate and
energy expenditure in patients with cardiovascular disease:
cross-sectional study. JMIR Mhealth Uhealth 2019;7:e11889.
Prasittumkum N, Cheungpasitporn W, Chokesuwattanaskul
A, Thangjui S, Thongprayoon C, Bathini T, et al. Diagnostic
accuracy of smart gadgets/wearable devices in detecting atrial
fibrillation: a systematic review and meta-analysis. Arch Car-
diovasc Dis 2021;114:4-16.

Stavrakis S, Stoner JA, Kardokus J, Garabelli PJ, Po SS, Laz-
zara R. Intermittent vs. continuous anticoagulation theRapy
in patiEnts with Atrial Fibrillation (iCARE-AF): a random-
ized pilot study. J Interv Card Electrophysiol 2017;48:51-60.
Zado ES, Pammer M, Parham T, Lin D, Frankel DS, Dixit S,
et al. "As needed" nonvitamin K antagonist oral anticoagu-
lants for infrequent atrial fibrillation episodes following atrial
fibrillation ablation guided by diligent pulse monitoring: a
feasibility study. ] Cardiovasc Electrophysiol 2019;30:631-8.
Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA,
Brenner H, et al. Global, regional, and national cancer inci-
dence, mortality, years of life lost, years lived with disability,
and disability-adjusted life-years for 32 cancer groups, 1990 to
2015: a systematic analysis for the Global Burden of Disease
Study. JAMA Oncol 2017;3:524-48.

Bourke L, Smith D, Steed L, Hooper R, Carter A, Catto J, et
al. Exercise for men with prostate cancer: a systematic review
and meta-analysis. Eur Urol 2016;69:693-703.

Kenfield SA, Van Blarigan EL, Ameli N, Lavaki E, Cedars B,
Paciorek AT, et al. Feasibility, acceptability, and behavioral
outcomes from a technology-enhanced behavioral change in-
tervention (prostate 8): a pilot randomized controlled trial in
men with prostate cancer. Eur Urol 2019;75:950-8.

Lee BJ, Park YH, Lee JY, Kim SJ, Jang Y, Lee JI. Smartphone
application versus pedometer to promote physical activity in
prostate cancer patients. Telemed ] E Health 2019;25:1231-6.



72.

73.

74.

75.

The World Journal of

MEN's HEALTH

Coughlin SS, Caplan LS, Stone R. Use of consumer wearable
devices to promote physical activity among breast, prostate,
and colorectal cancer survivors: a review of health interven-
tion studies. ] Cancer Surviv 2020;14:386-92.

Rodler S, Buchner A, Stief CG, Heinemann V, Staehler M,
Casuscelli J. Patients' perspective on digital technologies in
advanced genitourinary cancers. Clin Genitourin Cancer
2021;19:76-82.e6.

Bain CL, Guay AT. Reproducibility in monitoring nocturnal
penile tumescence and rigidity. ] Urol 1992;148:811-4.
Martin-Tuite P, Shindel AW. Management options for prema-

ture ejaculation and delayed ejaculation in men. Sex Med Rev

Farhan M. Qureshi, et al: Wearable Devices in Men'’s Health I

76.

77.

78.

2020;8:473-85.

Ciuti G, Nardi M, Valdastri P, Menciassi A, Basile Fasolo C,
Dario P. HuUMOVE: a low-invasive wearable monitoring plat-
form in sexual medicine. Urology 2014;84:976-81.

Segal RL, Tajkarimi K, Burnett AL. Viberect penile vibratory
stimulation system: evaluation of its erectogenic efficacy. Can
J Urol 2013;20:6844-7.

Saltzman RG, Golan R, Masterson TA 3rd, Sathe A, Rama-
samy R. Restorative therapy clinical trials for erectile dysfunc-
tion: a scoping review of endpoint measures. Int ] Impot Res
2022. doi: 10.1038/s41443-022-00610-3 [Epub].

www.wjmhorg 11



