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ABSTRACT
An individual’s handgrip strength (HGS), measured by a hand dynamometer, has shown
significant correlations with clinical conditions such as malnutrition, type 2 diabetes, functional
disability, and overall quality of life. Existing studies have indicated that HGS testing is a
promising tool to screen for disease. This is of interest to resource-constrained areas because
barriers to healthcare have created a large need for simple and effective medical screening
devices. Inexpensive, ruggedized dynamometers to measure HGS already exist on the market.
Despite these opportunities to use HGS as a screening tool, the literature on HGS is incomplete
and not cohesive. This article provides a synthesis of the recognized relationships and
correlations between HGS and diverse clinical conditions. Established statistically sound
associations as well as compelling gaps in the knowledge base are discussed. Pathways to
integrate HGS devices into the emerging Community Health Worker (CHW) infrastructure as a
health screening and income-generating tool in developing countries are described. The goal of
this article is to inform research and entrepreneurial initiatives that can collectively leverage
handgrip dynamometers as effective and efficient health screening tools in low-resource
contexts.
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Chapter 1: Introduction

1.1 Handgrip Strength
Complicated, expensive medical equipment is difficult to maintain in the developing
world, rendering most common screening and diagnostic devices useless. Using handgrip
strength (HGS) testing to screen for disease is a viable alternative because HGS correlates
strongly with general health status [1], [2], [3], [4] but is easy and inexpensive to measure [5],
[6], [7], [8]. For HGS to be used as a screening tool, reliable, quantitative relationships between
HGS and clinical conditions must be determined. There have already been numerous studies over
the past half-century relating HGS to various health ailments. However, varying subjects,
geographic locations, and methodologies make the research scattered and inconclusive. In order
to maximize the potential of HGS testing as a screening method, the knowledge in this particular
field must be synthesized and localized for future use.
HGS tests measure the amount of force produced by the upper arm muscles that control the
hand [9]. This metric is obtained through the simple operation of a handgrip dynamometer (Fig.
1). The simplicity, reliability, and affordability of this test have led to a wide range of
applications in various settings. However, HGS is greatly influenced by sex and age. The
greatest grip strengths are generally found in men between the ages of 24 and 39 [5], [6], [10],
[11], [12]. Men normally have a greater HGS in comparison to their female counterparts [6],
[10], [11], [12], [13]. Factors such as exercise levels, overall health, nutrition, BMI, hemoglobin
levels, and residual glomerular filtration rate have also been proven to impact HGS [2], [5].
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Hand dominance can affect HGS as well. Right-handed people can see a difference of up to 10%
in HGS between dominant and non-dominant hands. However, left handed people do not exhibit
any strength differences between their dominant and non-dominant hands [10], [13], [14].

Figure 1. Handgrip Dynamometers, Courtesy of: http://www.topendpsorts.com,
http://prohealthcareproducts.com, http://io1.i.aliimg.com/img/pb/523/204/834/834204523_440.jpg

Occupation and the participation in certain hobbies can also affect HGS enough to
supersede other influential factors [10], [14], [15]. In addition to environmental and lifestyle
factors, individuals can be genetically predisposed to a certain HGS [2], [16], [17], [18], [19].
Despite the multitude of factors affecting HGS, it is possible to develop accurate predictions of
HGS for an individual using only age, weight, height, gender, and sometimes occupation [10],
[11], thus allowing abnormal HGS values to be identified. Because the factors influencing HGS
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are universal, general HGS correlations are applicable to different populations and races [20].
This is possible even though the average HGS can vary between demographic groups [18].
The literature on handgrip strength is extensive but inconclusive. Cross-sectional studies
and studies using narrow demographics often limit the utility of findings. However, relationships
between HGS and general health, nutrition levels, postoperative complications, disability,
morbidity, protein loss, muscle mass, and diabetes have been found [6]. HGS has been strongly
correlated with the strength of other muscle groups, making it a good marker for overall strength
[1], [2]. It also has been linked to physical activity levels [1], [2]. Since functional ability is
related to physical activity levels and overall muscle strength, HGS can be used to predict
disabilities later in life [1], [2], [21]. In addition, HGS has been proven to provide comparable or
even better predictive results than laboratory and clinical measurements for other health ailments
[21]. While the mechanisms of these relationships are not fully understood, studies suggest that
HGS is reflective of causal variables for diseases rather than the diseases themselves [21]. By
synthesizing these findings, this thesis discusses the feasibility of using handgrip strength as a
clinical indicator of underlying health conditions. All existing literature is reviewed and
compelling conclusions are discussed. Potential applications for handgrip strength testing as a
sustainable social entrepreneurship venture the developing world are explored. In this context,
handgrip dynamometers have the potential improve livelihoods and provide prognostic health
information.
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1.2 Handgrip Strength Applications
Numerous barriers such as a shortage of trained physicians and the prohibitively high
cost of transportation make healthcare (especially primary or preventative healthcare) hard to
access in developing countries. Consequently, people do not receive treatment for illness or
injury until the ailment is dangerously severe. This situation has created the need for a more
locally based health care system that can provide affordable, accessible primary and preventative
care to those who can.
Currently, many regions in the developing world have adopted Community Health
Worker (CHW) programs to bridge the gap between communities and healthcare providers.
CHWs are usually volunteers trained to provide pre-primary healthcare and basic health
information to rural communities which otherwise lack access to trained health care
professionals. CHWs hold unique positions as trusted community leaders, mentors, and
educators dedicated to improving the health of their communities [22]. While in many ways
CHWs have been able to significantly improve community health [23], their ability to effectively
screen and diagnose disease remains limited by the absence of contextually appropriate tools and
devices. In order for a biomedical device to succeed in a resource-constrained setting, it must be
inexpensive, ruggedized, and easy to use. Unfortunately, very few existing devices meet these
standards. For example, current blood glucometers used to diagnose diabetes are expensive and
require blood, which is a health hazard. Most are not used because patients cannot pay and health
professionals cannot afford test-strip upkeep.
Handgrip strength (HGS) testing measures the force produced by the muscles that control
the hand using a hand dynamometer, making HGS an indicator of overall strength and physical
activity level [9]. Inexpensive yet durable hand dynamometers are currently manufactured by
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several companies, which allow the CHWs to purchase and charge an affordable amount for this
test. The automatic calibration and digital readout of these dynamometers make HGS simple to
use even for CHWs who lack extensive medical training. HGS testing avoids health hazards
caused by dangerous chemicals or bodily fluids often used in diagnostic tests. Most importantly,
HGS has been linked to many other relevant diseases such as diabetes, malnutrition, and
functional disability.
This thesis serves to explore the relationship between HGS and diabetes, while validating
the use of handgrip dynamometer to screen for disease in the developing world. The paper details
a study analysis on confounding variables related to HGS and diabetes. Metrics including age,
gender, height, weight, blood pressure, HGS, and key demographic data were explored. A
predictive model for diabetes is explained through binary logistic analysis. The significant
correlation between low HGS and diabetic status establishes the need for further in depth
analysis.

Chapter 2: Literature Review of Handgrip Strength Associations

2.1 Malnutrition
Low HGS is highly correlated with malnutrition [5], [12], [15], [21], [24], [25]. Patients
with a HGS 85% below the mean are considered malnourished [26]. HGS is strongly linked to
nutrition indices [12] such as body protein loss [5], BMI [12], [15], arm muscle area [15],
skeletal muscle function [27][25] and lean muscle mass [5]. In fact, HGS is a more sensitive
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indicator of nutritional status than other markers such as weight loss, BMI, skinfold thickness,
arm muscle circumference and plasma protein makeup [5], [27]. Because of these associations,
HGS can be used to monitor nutritional status. It has already been used as a nutrition indicator in
hemodialysis patients [28] and can be used in conjunction with serum albumin concentration to
monitor nutrition in peritoneal dialysis patients [5]. HGS testing has the benefits of being much
easier and cheaper than current laboratory tests [26] while still providing independent prognostic
information [5]. It is also not affected by hydration status or inflammation like serum albumin
concentration, a common nutrition metric [5]. HGS also indirectly predicts mortality by
identifying life-threatening nutrition states. Poor early-life nutritional status may lead to an
increase in late-life mortality [29], and protein-energy malnutrition, a frequent complication in
patients with end-stage renal disease, is predictive of dialysis patient mortality [5]. In addition,
malnutrition can cause reduced immunocompetence and wound healing abilities, which are
closely correlated with morbidity and mortality [26].

2.2 Chronic Conditions
Low HGS suggests a risk of subclinical disease that may lead to chronic disease and
disability [1], [18]. A steep decrease in strength of 1.5% or greater per year is correlated with an
increased risk of stroke, diabetes, arthritis, and chronic obstructive pulmonary disease [20]. One
study conducted on older disabled women associated low HGS with a higher risk of mortality
from chronic conditions such as cardiovascular disease (CVD) and respiratory disease [29].
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2.2.1 Stroke
After a stroke, muscles weaken as a result of impaired neurological function [20].
Reduced HGS can indicate the weakness of a patient’s arm and therefore the patient’s ability to
complete motor tasks. During functional recovery, muscle weakness and the ability to perform
complex motor tasks can improve. However, it has been shown that if grip strength does not
increase during recovery, patients risk low functional outcome [30]. HGS is an approved,
sensitive indicator of stroke recovery and can indicate the impact of physiotherapy [30].

2.2.2 Diabetes
Patients who have type 2 diabetes and are over the age of 30 tend to have a lower HGS
score [14]. Adults diagnosed with diabetes for more than 6 years exhibit a significant decline in
the upper limb muscle quality due to diabetic neuropathy [20], a condition that causes muscle
weakness and atrophy. Because HGS is linked to overall strength, this decrease in muscle
quality causes a decline in HGS. HGS values for diabetics could be important in determining
hand function after hand surgery [14].

2.2.3 Hypertension
Hypertension and atherosclerotic vascular disease, (specifically ischemic heart disease,
angina, myocardial infarction, coronary artery bypass surgery, angioplasty, cerebrovascular
events, transient ischemic attacks, or peripheral vascular disease), are also correlated with steep
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strength decline [5]. These associations could be explained through relationships between higher
body weight, hypertension risk, and HGS [20].

2.2.4 Renal Disease
In patients with end-stage renal disease, HGS is used as a reliable method to determine
nutritional status because it is a direct marker of lean body mass. Patients with long-lasting renal
function have higher HGS scores and lack malnourishment. Protein-energy malnutrition, a
complication of end-stage renal disease, is related to cardiac comorbidity and inflammation [5].
Since HGS is a marker for the body’s protein loss [25], it can serve as a predictor of these
conditions as well. HGS is also independently associated with cardiovascular mortality. It is used
as a valid predictor of all-cause mortality in dialysis patients [5].

2.3 Disability and Quality of Life
HGS has been found to serve as a good marker of overall quality of life due to its
relationships with functional disability and mortality [18], [24]. HGS is a strong indicator of
overall muscle strength [6], [19], [29], [31], [32] which can be further linked to health-related
quality of life [4], [6], hand function [10], [13], and terminal illness [18], [24], [29]. HGS can
predict cause-specific and total mortality in older women [5], [24], [29], activities of daily life
(ADL) disability in elderly men and women [1], [2], [3], [6], [12], sarcopenia and general frailty
[4], [5], [33], and incident disability in older men [34][34]. HGS has also been found to be an
identifier for gene variants that are important to physical function late in life [2]. A higher HGS
and overall strength are indicative of a reserve capacity that helps prevent disease and functional
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limitations later in life [1], [18]. For example, in younger, midlife populations, HGS can predict
future disability up to 25 years in advance [1], [2], [29], [34]. The associations that make HGS
such a good predictor of functional disability and mortality are not entirely explained through the
relationships between HGS and age or gender, making HGS an independent indicator of overall
quality of life in elderly populations [3], [4], [29]. As such, HGS may serve as an inexpensive
screening tool to track patients’ deterioration of health by taking regular HGS readings and
checking for significant decreases [29].

2.4 Post-operative Complications
HGS is an excellent predictor of postoperative complications [5]. About 74% of
postoperative complications can be predicted by a HGS below 85% of the standard for a certain
age and gender [26], [27]. Below this standard of 85%, a patient can be deemed high risk for
postoperative complications and is advised to seek nutritional help [27]. HGS testing for these
conditions is highly sensitive, which lowers the false-negative rate [25]. Out of 21 patients
receiving gastric, pancreatic, or colonic operations, 95% of those who experienced complications
also had a low grip strength [25]. HGS testing has been used as a noninvasive tool to assess
skeletal muscle function, which is used to indicate malnutrition in surgical patients [26], [27],
and has successfully predicted postoperative complications in the USA and UK [27]. However,
HGS testing is not valid for postoperative complications in the elderly [27].
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2.5 Weight Loss
Weight loss has a strong positive correlation with a decline in HGS [15], [20]. Because
weight loss includes the loss of muscle tissue, especially in the elderly [7], it is a major
determinant of overall muscle strength, which has already been linked to HGS [26]. It has also
been shown that thinner people have poorer strength, more illness, and greater mortality [26].
While strength can vary widely at distinct levels of body weight [26], weight loss has similar
negative effects on HGS regardless of initial weight [2].

2.6 Aging
Handgrip strength has been found to decrease with age [11], [20] in a nonlinear fashion
such that HGS peaks around age 30 [11], [16], [34], [35], and decreases with accelerated speed
thereafter [11], [34], [35]. This loss of strength may be attributed to muscle mass loss due to
either motor neuron death [35] or muscle cell shrinkage due to inactivity [36]. It may also be
caused by illness or alterations in muscle fiber composition or quantity [12]. Midlife HGS can
predict strength in old age [1].

2.7 Sexual Behavior
In men only, an increase in HGS can be related to a greater number of sexual partners,
sexual intercourse at a younger age, increased aggression, and broader shoulders [6]. Aggressive
behaviors including verbal and physical abuse in the adolescent years were observed in males
with higher HGS [6]. This relationship may have important implications with the recent efforts
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to limit bullying in adolescent settings. HGS may be interpreted as a metric of natural selection
[6]. The stronger, more developed males who are producing more testosterone and therefore a
greater muscle mass have an advantage when preforming specific tasks [6], [17]. The influence
of testosterone is one potential reason why women do not portray equivalent trends when
comparing HGS to sexual behavior [6].

2.8 Proven Unrelated Factors
Although HGS has been correlated with chronic conditions, it is not associated with all
diseases. HGS is not associated with cognitive function [34], and in females, maximum HGS is
not correlated with sexual behavior [16]. HGS is not capable of predicting depression in the
elderly as they age because of psychological adaptation [3]. A normal grip strength in the
elderly does not reduce risk of postoperative complication [27]. In a Japanese population, aged
65 years or older, HGS is not correlated with disability on the instrumental activities of daily
living (IADL) scale [3]. Additionally, cancer mortality was not associated with HGS [29].

2.9 Further Research
The current research on HGS is scattered and not cohesive, though HGS has been
identified as a promising candidate as a screening tool for malnutrition, disability, and disease for
which correlations with HGS are very strong [20], [24], [29], [34]. However, there is a general
need for longitudinal studies in order to determine the effectiveness and reliability of HGS as a
screening tool; currently, most longitudinal studies focus on elderly populations. The notable
exception is the 25 year study published in 1999 by Rantanen, et. al. which showed midlife HGS
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to be highly predictive of old age disability [1]. Specifically, a deeper analysis must be
conducted concerning the potential relationship between a low HGS and immunodeficiency [24]
and type 2 diabetes [14], [37], [38]. Regarding type 2 diabetes, it is debatable whether a low
HGS is caused by the loss of muscle mass or quality of muscle loss [38] and further explanation
is needed to understand the relationship between HGS and neuropathy [14]. Future HGS
research is also needed among a wider range of populations [38]. HGS studies up to this point
have used very focused, narrow demographics as samples. However, in order to translate HGS
into a useful tool for resource-constrained areas, more generalized research or research focused
on those specific areas must be conducted. Specific areas that would benefit from additional
attention are regions in Africa because of high occurrences of malnutrition [12]
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Table 1. Summary of HGS Associations

Legend 1: "+" = positive correlation, "-" = negative correlation, (check) = association exists
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Chapter 3: Opportunities for the Developing World

3.1 Problems in the Developing World
One of the Millennium Development Goals set by the United Nations is to “combat
HIV/AIDS, malaria, and other diseases.” Despite efforts towards meeting this goal, however,
many developing regions have seen drastic increases in non-communicable diseases such as
cardiovascular disease and diabetes [39]. Due in part to the adoption of many Western practices
such as sedentary behavior and poor dietary choices [40], deaths from cardiovascular disease
have jumped almost 30% worldwide between 1990 and 2010 [41]. Diabetes cases are predicted
to nearly triple in the next fifteen years [42]. While these diseases can often be mitigated by
lifestyle changes, most people lack the health knowledge to properly identify and treat their
symptoms. In developing countries, numerous barriers, such as a shortage of trained physicians
and the prohibitively high cost of transportation and care, make healthcare (especially primary or
preventative healthcare) extremely hard to access. Consequently, people do not seek treatment
for illness or injury until the ailment is dangerously severe. This has created the need for a
different, more locally based health care system.
Currently, many regions in the developing world have adopted Community Health
Worker (CHW) programs to bridge the gap between communities and proper healthcare. CHWs
are generally volunteers trained to provide pre-primary healthcare and basic health information
to rural communities which otherwise do not have access to trained health care professionals.
CHWs hold unique positions as trusted community leaders, mentors, and educators dedicated to
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improving the health of their communities [22]. While in many ways CHWs have been able to
significantly improve community health [23], their abilities remain limited by a lack of tools and
devices, preventing them from effectively screening for and diagnosing disease. However, in
order for a biomedical device to succeed in a resource-constrained setting, it must be
inexpensive, ruggedized, and easy to use. Unfortunately, very few devices fit those standards.

3.2 Relevance of HGS
HGS testing has the potential to be a valuable screening tool for CHWs in resourceconstrained areas. Inexpensive, durable hand dynamometers exist on the market already, which
makes HGS testing financially accessible to both health workers and their customers. The
automatic calibration and digital readout of these dynamometers make HGS simple to use even
for CHWs who lack extensive medical training. HGS testing avoids health hazards caused by
dangerous chemicals or bodily fluids often used in diagnostic tests. These benefits allow the
health information provided by HGS to be utilized in the developing world.

3.3 Applications of HGS
HGS testing can be introduced into the developing world by integrating it into existing
CHW services. By providing a HGS-based screening test for a fee, CHWs can develop HGS
testing into a sustainable business. In this scenario, HGS testing provides financial value to the
CHW and important disease risk assessments to the customer. To validate this concept, HGS
testing was implemented and evaluated in three different locations in Kenya.
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3.3.1 Case Study 1: Nyeri Marketplace
HGS testing was provided for free in conjunction with blood pressure, height, and weight
measurements in order to evaluate general public interest in the service as well as feasibility. The
novelty of the device attracted many participants, most of them finding the test to be humorous.
However, people were much more concerned with their blood pressure as it is widely known to
be an important health indicator. In one instance, a participant declined to have their handgrip
strength tested after receiving a blood pressure reading.

3.3.2 Case Study 2: Othaya District Hospital
Handgrip strength testing was introduced to employees of the Othaya District Hospital, a
small rural hospital, in order to gauge the reactions of health professionals. The general response
was positive and hinged mainly on the potential for handgrip strength testing to act as a clinical
indicator of common non-communicable diseases such as diabetes, especially as traditional
urinalysis testing is too expensive for most patients. The need for more non-communicable
disease-focused outreach programs was also emphasized, highlighting another potential use for
handgrip strength testing

3.3.3 Case Study 3: Karatina
Handgrip dynamometers were provided to three specially-trained CHWs in the town of
Karatina, Kenya. These CHWs already successfully provide blood pressure and BMI
measurements to the community for a fee. HGS testing was added to their repertoire of services.
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Because no clinical information could be inferred from the HGS data, the CHWs were given a
chart (Fig .2) that assigned labels of “weak,” “normal,” “strong,” and “very strong,” based on the
customer’s age, gender, and HGS. These labels were also linked with a culturally appropriate
animal to add a fun factor and increase interest.
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Figure 2. Example chart that converts age, gender, and HGS into a fun animal ranking. Separate
charts were provided for men and women.
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Initial community reception was very positive, despite the fact that this HGS testing did
not provide any additional insights. More people expressed interest in the test, though they
declined to pay because no further health information was provided. This reaction promises
greater success for HGS testing once it is quantitatively linked to diseases such as diabetes and
malnutrition.

3.4 Conclusion
Further research, including longitudinal clinical trials, is required before HGS can
reliably screen for disease. While many HGS studies have established quantitative relationships
between HGS and several diseases, other studies have shown that normative HGS values may
vary from population to population due to genetic or lifestyle differences [12]. Therefore, in
order for this screening service to succeed, context-specific and quantitative relationships must
be established between relevant diseases and HGS.
Additionally, the success of the handgrip dynamometer in capturing the attention of the
general public may be further exploited to improve health education and awareness. This device
may be incorporated into simple games that both engage the participant and impart valuable
health information on important issues such as nutrition and maternal health. In this scenario, the
HGS test itself is not clinically important, but instead serves as a means by which to focus public
attention on previously neglected health issues. Further studies are needed to explore this use and
develop culturally appropriate games and health lessons.
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Chapter 4: Handgrip Strength as a Health Screening Tool

4.1 Handgrip Strength Study
Although there is an extensive amount of literature on HGS, the research is focused on
specific demographics versus a wide range of populations [38]. Longitudinal studies that do not
focus solely on the elderly are needed to validate the effectiveness and reliability of HGS as a
screening tool [1]. A deeper analysis is also needed to explore the relationship between HGS and
diabetes [38], though it is suspected that HGS declines in patients with diabetes is due to
nutritional deficiencies caused by the disease [14].
To investigate the potential of HGS testing as a screening tool for CHWs in resourceconstrained settings, a study was conducted to derive a predictive model for diabetes from HGS,
age, height, weight, and gender. In addition, the feasibility of integrating HGS testing into a
sustainable, scalable business was evaluated through case studies of potential business models.
This chapter describes the findings of these studies, including the predictive model developed
from study data as well as successes and failures of the business model. The work presented here
may serve as a baseline for further development of HGS-based diabetes screening mechanisms.

4.2 Methods
Grip strength, height, weight, and blood pressure were assessed in 90 non-diabetic
individuals and 46 diabetic individuals. With help from local doctors, participants were recruited
from three locations: the main marketplace in Nyeri, Kenya; a diabetes clinic at the Othaya
District Hospital in Othaya, Kenya; and farms surrounding the town of Nyeri, Kenya. Participant
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ages ranged from 20 to 88 years old. In addition, a local translator was used to administer a
simple survey, designed to identify other parameters that can influence the model.
This study was limited by difficulties in data collection, which arose primarily from
situational factors. The Nyeri marketplace was very chaotic and crowded, slowing progress and
making communication difficult. Uneven ground may have induced error in weight and height
measurements. In addition, diabetes status was determined through survey alone, allowing
undiagnosed diabetics to go undetected.

4.3 Results
Of the 90 non-diabetic individuals, 61 were women and 29 were men. Of the diabetic
individuals, 33 were women and 13 were men. Handgrip strength was between 30-40% lower for
people with diabetes than people without, shown in Figure 3.

Figure 3. Diabetic handgrip strength vs. non-diabetic handgrip strength
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The results of quantitative data collection are shown in Table 2. A p-value of < 0.05 was
considered to indicate a significant difference between the diabetic and control groups. All
parameters except for body mass index (BMI) and both systolic and diastolic blood pressure in
males were found to be significantly different. In certain models, however, diastolic blood
pressure was considered to be significant because of the close proximity to the 0.05 significance
value. Due to convenience, systolic blood pressure was also included in these variations because
both systolic and diastolic are measured at the same time.

Table 2. Summary of quantitative data

Since the qualitative data could not be analyzed using a linear regression tool, the
categorical data was analyzed using a One-Way ANOVA test in Minitab which outputs basic
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statistical data and significant differences between various groups without falsely inflating the
important of a control group. Figure 4 shows average handgrip strength values for different
professions. Of those surveyed, professions were broken into 6 different categories including
farmers, government workers, business workers, sellers at the market, and unemployed. Only a
few government and business workers were surveyed, so this category was grouped together.
The “other” category consisted of jobs that did not fit into the designated categories. Compared
to unemployed participants, there was a significant difference at a 95% confidence interval for
government workers, businessmen, sellers at the market, and those participants with unique jobs
in the “other” category.

Figure 4. Handgrip strength vs. profession
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Table 3 summarizes average handgrip strengths per profession. Farmers and the unemployed had
the lowest HGS of 24 and 23 kg respectively, while business owners and government workers
had the average HGS average of 41 kg.

Table 3. Handgrip strength vs. profession

It was expected that farmers would have a higher handgrip strength because of the manual labor
needed in farming. However, the results did not confirm this. To further explain this relationship,
results of both males and females were analyzed. Table 4 summaries male and female handgrip
strengths per profession. The male and female business/government workers had a higher
handgrip strength than farmers, who were actually much older in age.

Table 4. Male and female handgrip strengths vs. profession
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Using the One-Way ANOVA test again, HGS for participants were categorized into their
lowest level of education received. These categories included none, primary, secondary, and
college. The only significant difference seen in Figure 5 was between individuals finishing either
secondary or primary school.

Figure 5. Handgrip strength vs. education received

An increase in mean HGS can be observed in participants who have completed higher education.
This data is represented in Table 5. The ten individuals with a college degree had the highest
average HGS at 32.6 kg, and the individuals with no formal education had the lowest average
HGS of 23.1 kg.
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Table 5. Handgrip strength vs. education received

Participants’ categorical income levels were also compared to HGS using the One Way
ANOVA test in Minitab. Individuals were split into six separate categories, later combined into
5. Table 6 shows a key of how the income levels were divided. Each level is representative of
the income per month and were decided after consultation with a local nurse. Levels were needed
because participants felt less inclined to lie or make up an arbitrary number.

Table 6. Income per month

Categories D and E were combined because few participants made this amount of money per
month. The results can be seen in Figure 6: Income level vs. Handgrip Strength. Participants
without any income have the lowest HGS.
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Figure 6. Handgrip strength vs. income level

Table 7 shows the results of average handgrip strengths associated with each income level. A
general trend was noted of handgrip strength increasing with increasing income per month. The
lowest average was observed in participants who made no money per month, where the highest
average was was observed in participants who made between 5,001 – 10,000 KSh per month.

Table 7. Handgrip strength vs. income level
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Categorical data on occupation, education, and annual income are summarized in Table 8.
Several key takeaways have been noted. Handgrip strength was significantly different (p < 0.05)
between farmers and unemployed participants and the remaining categories. There is a
significant difference (p < 0.05) between the handgrip strength of participants with primary and
secondary education, though no other levels. Income also showed a significant difference (p <
0.05) between the lowest two and the highest three income ranges. Since these categories were
not all significantly different, these data were not included in model development.

Table 8. Summary of categorical data

Binary logistic regression [43] using the parameters determined to be significant was
used to develop quantitative models of incidence of diabetes. Each linear regression equation
applies to an equation that outputs the probability of a person having diabetes, shown in Figure 7.
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Figure 7. Probability of diabetes

The Y’ is representative of each individual model. Model 1 did not account for gender.
Handgrip strength, age, systolic and diastolic blood pressure, and BMI were included in this
model. Height and weight were not included because BMI accounted for these variables. Figure
8 shows the regression equation created. The constant in front of each variable represents how
much that factor affected risk of diabetes.

Figure 8. Gender neutral model

Earlier analysis proved that variables were significantly different between males and females. To
enhance model accuracy, additional models were calculated in which male and female data were
considered separately. For practical reasons, it was important to consider which variables could
be measured in context. Model 2 for males and females considered age, handgrip strength, height
and weight, which were all variables considered significantly different for both genders. Figures
9 and 10 show the regression equations.

Figure 9. Male model 2
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Figure 10. Female model 2

Even though BMI was not considered significantly different between diabetics and non-diabetics
for both male and females, it was included in Model 3. This was to see the impact of less
variables included in logistic regression. In this model, height and weight from Model 2 was
replaced by BMI. Figures 11 and 12 show the regression equations for both genders.

Figure 11. Male model 3

Figure 12. Female model 3

Another model was created to include all parameters collected on the ground, which were age,
handgrip strength, height, weight, and systolic and diastolic blood pressure. BMI was left out
because this was calculated using the height and weight from data collection. Figures 13 and 14
show the regression equations for both genders.
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Figure 13. Male model 4

Figure 14. Female model 4

Table 9 includes information pertaining to each models goodness-of-fit. It shows the deviance rsquared and adjusted deviance r-squared values. In addition, the Akaike information criterion
(AIC) was calculated for each model. This value allows for comparison of goodness-of-fit
between models with different variables and complexity, with a lower value indicating a better
fit.
Table 9. Goodness-of-fit values
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4.4 Discussion
Male and Female Model 4 provide the greatest predictability power because of the low
AIC values and high goodness of fit measurements. Model’s 2 and 3 produced fairly similar AIC
values. Because there were more females, the next lowest AIC value and best fit model was
chosen to be Model 2. Because of the variance between male and female statistics collected
during this study, Model 1 has a much higher AIC and therefore a weaker ability to predict a
patient’s diabetic status.
When considering which model is best, it is important to also consider what variables are
ideal to collect while on the ground. It was observed that measurements and results must be
given to patients quickly because CHW consultations are fast-paced. In addition to handgrip
strength, age, height, and weight were all considered significant and ideal variables because these
factors are typically known or easily measured. In terms of results given to the customer, a chart,
similar to the animal scale would be needed to provide a quick assessment of diabetes risk. For
practicality reasons, height and weight can be easily expressed as BMI. A chart for different age
groups could be created that plots handgrip strength and BMI for quick, visual results. In this
case, male and female Model 3 were chosen to be the best, most practical models to pursue
further.
Successful development of a simple predictive model for diabetes using handgrip
strength indicates that this test has potential as a surrogate screening tool for resourceconstrained settings where traditional techniques, such as glucometer testing and urinalysis, are
unaffordable. Informal conversations with healthcare providers, such as a nutritionist at the
Othaya District Hospital and a nurse at a local youth center, confirmed the need for low-cost
screening tools.
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4.5 Business Model Validation
Further investigation of the appropriateness of HGS testing in the developing world was
conducted through Mashavu, a program centered in Nyeri, Kenya that strives to provide
accessible health care in developing nations [44]. Currently, Mashavu employs Community
Health Workers, called Mashavu Health Workers (MHWs), who are trained to provide a service
called “Know Your Numbers” in which customers pay for measurements of their height, weight,
BMI, and blood pressure. Glucose testing was also offered by MHWs for a short amount of time,
but was discarded due to regulation issues and high cost. As a profit-generating and selfsustaining business, Mashavu was utilized as a model to assess the potential of HGS-based
screening to be successful in a similar situation. Handgrip strength dynamometers were provided
to three MHWs, who received basic training on how to use the devices. The MHWs were then
instructed to add HGS testing as an additional option to their “Know Your Numbers” service.
Based off of past MHW observations, paying customers are enticed by a result or
feedback related to health. Because the HGS test did not hold clinical relevance, a strength scale,
shown in Figure 2, was developed to gamify the process, increase interest in the test, and provide
a recognized result. To evaluate the projected business model, observations of HGS related
customer interest and interaction were recorded. To make a sale, MHWs marketed the service as
a fun way to discover strength. The general response to HGS testing was very positive. The
novelty of the device attracted many participants, most of them finding the test unique and
engaging. Initial fears that being labeled “weak as a zebra” would offend customers were quickly
removed, as the animal scale was universally received as humorous or at worst uninteresting.
The visual scale appealed to most customers because participants wanted to discover which
animal would be representative of their strength and compare results to neighboring customers.
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When selling services, MHWs are on foot and often attract large groups of people.
General interest in the “Know Your Numbers” service is garnered from the want to know basic
health parameters. As a result, many were willing to pay for an additional HGS test, especially
when buying amongst a group of people. Once the first customer completed the foreign test and
received a unique animal matching strength, other surrounding customers were more inclined to
pay. Each MHW was able to sell approximately 30 HGS tests in a three hour period. Each test
was provided for a fee of Ksh 20 (about $0.22), earning the MHWs an additional income of
about Ksh 600 (about $6.74). This price was selected because it compares to other services
provided by MHWs and customers were comfortable paying this amount.
In a select number of cases, the MHW chose to accept reduced payment for the test,
which is consistent to their normal daily operations [44]. A small subset of customers showed
interest in the test but declined to pay for it due to the lack of clinical relevance. At the
culmination of the study, the MHWs requested to continue use of the dynamometers due to the
significant increase in income they provided. A long-term payment system was developed to
allow the MHWs to purchase the devices over time. It should be noted that some of the success
of HGS testing can be attributed to the presence of foreign researchers. However, four weeks
after research team departure, the MHWs reported continued sales of HGS testing. The success
of this service has been maintained despite customer and MHW inquiries into the clinical
relevance of the test.
Observations of the daily routines of the MHWs revealed that individual interactions with
customers are quick and chaotic. MHWs attempt to expedite each consultation in order to
maximize the number of tests sold within their available timeframe. In order for a HGS healthrelated algorithm to be of value, it must be integrated into their usual services through a quick,

35

simple calculation with a visually understood end result to attract customers. A possible solution
to this is a smartphone-based app that inputs basic vitals and outputs the probability of diabetes
through a graphic chart. Other options include context-specific data collection devices that have
the algorithm pre-programmed and easily accessed. However, it is understood that resource
constrained settings can hinder technological applications and all limitations should be
considered, such as access to cell phone service or battery charging resources. The best option
would be producing a similar chart to the animal scale because of quick and easy determination.
The attention alone garnered by the HGS dynamometer has the potential to engage and
educate the public on other important health topics. The model implemented through Mashavu
could be modified to improve the livelihoods of both MHWs and the community. Further
applications need to be explored that enable MHWs to make more money, while providing
health information. For example, competitive games may be developed using the device as the
centerpiece in order to attract public attention. That attention could then be leveraged to give an
informative lesson on nutrition. Based on observations of MHW-customer interactions, the
activity must be short and easy to execute and the lesson must be quick to digest. There is a need
to explore gamification concepts and the potential of HGS-health related games in a resourceconstrained environment.
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Chapter 5: Handgrip Strength Gamification

5.1 Gamification

What is gamification? The up and coming term is constantly defined differently, but the
concept itself lies in the experience of gamification. Some consider this the way people engage
situations for rewards or points, however a broader definition exists. The process of gamifying
something has game-like elements that promote both learning and engagement. This involves
creating aspects of the game itself, which can include players, inter-player feedback and
interactions, and rules, which are all part of a larger system that outputs quantifiable outcomes
and creates emotional reactions. The real value of gamification lies within the power of gamethinking and the ability to engage, tell stories, visualize scenarios, and create problems to solve
[45].
The reaction that game elements create is based off of educational psychology, which
mimics practices used in educational instruction [46]. Rather than conveying information,
gamification can weave both the general elements of education, such as point systems and
projects, with game elements to add another layer of interest that promotes and stimulates
knowledge transfer [45]. This is why gamification is considered useful in driving engagement.
There are many existing programs that apply this concept, such as Khan Academy, which uses
gamification elements to attract users to play and motivates users to keep trying, all while
helping improve math learning concepts. Gamifying involves determining this sweet spot
between challenging and boring that maximizes the ability to motivate action and generate
learning without feeling like a chore [46].
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Motivation created from gamifying an activity can drive people to take on challenges and
solve problems [45], [46], [47]. There is a movement to include gamification into a variety of
sectors, including business, because of the insights gained when applied. Gamification can
provide an understanding of how and what can motivate people in order to design for the proper
end result [46]. Although it can create inner-competition, gamification can also be used to foster
teamwork. It is a resourceful method to accelerate the instruction or learning of complex subjects
and systems thinking. However, applying gamification is not easy. There are a multitude of
elements that create different incentives and rewards, which need to be carefully created to be
both fun and educational [45]. Using gamification can be useful to attract people to participate
and can be designed to convey information in an interesting way.

5.2 Applying Gamification
When applying gamification, there are a variety of tools to use in order to evoke a desired
learning outcome [46]. This can be a challenging task because people have different styles and
motivations that result in various interpretations of the game environment [45]. In order to
persuade and motivate proper game play, it is important to consider a multitude of strategies.
Before applying tools though, the purpose of gamifying an activity, which can be different from
the game goal, must be defined. Once determined, the process and elements of game creation can
be tailored to accomplish the gamification goal [48].
The motivation to complete or participate in games is not actually created by
gamification itself. It is the strategy of designing goals and the game experience that creates the
capacity to intrinsically motivate users [48]. Goal setting theory is widely applied in gamification

38

applications [47] because people have a natural desire to set a goal and complete a task [49]. The
process includes profiling target users, which can help to better understand the personal
motivations that impact game perception. The ability to weave these motivations into game
concepts can deepen engagement and the desire to participate, as well as help to clearly define
what’s in it for the user [46], [47]. Reinforcing game purpose through feedback can promote
continued play and understanding of the larger gamification goal. Feedback in combination with
rewards can also maintain interest and foster social connectivity [49] [50].
Usually under-valued, the social factor of a game can actually predict how the
gamification is perceived and whether or not the participant will choose to keep playing. It is
essential to consider social elements when designing the mechanics of engaging gamification
services [50]. Social variables can include gender, age, and cultural orientations because of the
potential effect on reception and emotional responses of the game [48]. The system must
maximize playability and accessibility, while having the proper learning curve. The learning
curve is directly related to whether or not people are enthused to continue or choose to quit. A
high learning curve decreases the time spent with the knowledge conveyed during the game,
which ultimately decreases learning time. If the learning curve is too high, participants often get
frustrated and are more inclined to stop playing or lose interest. Delving further into this
psychology is the best way to be able to generally apply gamification to create games that apply
across different learning contexts [47].
Applying these tactics can lead to recognized game patterns and insights that can be used
to define player types. Typical gaming patterns can be generalized into competitions, chance, and
simulations [45]. However without the right storyline, a pattern could be ineffective. Game
aesthetics are just as important as mechanics because they create the emotions and experience
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needed to obtain the gamification goal. Common themes include narrative, challenge, discovery,
achievement, or fantasy combinations [48]. The proper theme adds to the engagement factor,
which can be the extra push needed to obtain player commitment [49].
Even though engagement through gamification is a hot topic, little research has
been done on gamification properties and how to choose which principles to create a game [47].
There a lot of options, and most strategies fail to consider context and individual differences,
which is necessary to design the proper experience [46], [47]. Few studies have measured the
success and impact of applying gamification in a systematic way. Exploring these applications
will aid in defining a standard gamification process. The combined ability to understand the
target audience, gamification goal, the nature of gamified learning content, and the appropriate
effects and rewards can ensure successful gamification in specific contexts [48].

5.3 Gamifying Health
There is need to innovate medical education and training in order to empower individuals
to become more accountable for their own health. The goal is to utilize the varying applications
of gamification to improve the simulation and learning of health. Fun and interactive
environments build a thirst for knowledge transfer, which may be more effective than the current
traditional healthcare methods. As a result, there is a new, realized need to create games for
health [51]. The engagement of gamification is useful because the management of health relies
on both motivation and engagement, especially for the management of chronic conditions [52].
This is proliferated through the influence games can create when teaching knowledge and skills
that create a positive change in the attitudes and behaviors related to health. Games have actually
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been more successful and appealing to positively change health-related attitudes and behaviors
than basic instruction [53]. The combination of games and health can target behaviors that affect
lifestyle, self-management of illness and chronic conditions, as well as motivating and
supporting physical activity. Given the variety of gamification tools, it is important to consider
the perfect elements that will enable both preventative and corrective health interventions [54].
Game scenarios and interactions can be designed for specific health outcomes included
learning, pain distraction, and coaching for long-term treatment [52]. Defining this practical goal
or purpose of gamification is the essential first step in designing health games [51]. With a goal
in mind, the right, quality content can be curated. Health games also depend on the game
mechanics associated with persuasion and motivation. The right technique will enable
participants to interact with the system to promote the best health outcome, regardless of game
duration [52]. There are a few general design requirements for effective health games, which
include promoting self-assurance and self-efficacy, conveying knowledge, and improving
communications and social support [51].
In order to visualize this, game concepts are broken into three main areas. Healthy
behavior change is dependent on motivational affordance, psychological outcomes, and
behavioral outcomes. To create this motivation, the same general gamification concepts apply,
whether it be points, levels, goals, feedback, challenges etc. These features can create the
desirable psychological outcomes that include naturally amusing and motivating participants to
play and learn [53] [55]. The most important concept to track is behavioral outcome to ensure
that the intended behavior, such as healthier eating, was successfully targeted. Games have the
ability to do this because of the concept of self-regulation. The rewards obtained mid game can
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create a feeling of self-accomplishment, which over time translates into players consciously
observing and acting upon the rewarded behavior [55].
Although health-related games have a lot of potential, creating them can be
complex because of so many moving parts [54]. In addition, game creation is expensive and
takes time to create the right story that can be conceptualized as a real, relatable situation [52].
Several studies have outlined that games related to diabetes and asthma have been successful in
teaching better management of conditions and reducing hospital visits [51] [52]. However, the
field will require a large focus of research. Studies should be dedicated to testing if health games
are ultimately successful in treating patients and conveying information, which will aid in
determining which gamification elements work [51].

5.4 The Fun Theory

So far gamification concepts have been extremely complex. To better understand
gamification it is important to abstract out and remember that the goal is to make something fun,
whether it is an action, learned behavior, or new knowledge. This describes a concept deemed
“The Fun Theory” (TFT) [56]. The goal of TFT is to change behavior by making it fun to do,
mimicking concepts outlined in the gamification of health. The application of this gamification is
to design open-ended play, with a focus solely on the experience [57].
Open-ended play requires almost no game rules. As the experience happens in real time,
objects and interactions become defined versus having a predefined set of rules. Instead of
typical gamification persuasion methods, users become intrinsically motivated to participate
because the design is playful. People want to change their behaviors and opinions because a
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basic activity is now naturally stimulating through TFT. In order to make this successful, TFT in
open-ended play is broken into stages including the invitation, exploration, and immersion
stages. First, the user is attracted through playful persuasion, which could be a sight, sound,
smell or a signal that catches someone’s attention. Exploration, when users take the time to
question what the game or activity is, leads to immersion, where the user participates in openended play [57]. There are several simple gamification examples that have been successful.
The World’s Deepest Bin is a gamified trashcan. In this open-ended play, people are
enticed to throw something away instead of littering. After trash is thrown in the bin, a cartoonlike sound goes off, which is rewarding to users and bystanders [56]. Through TFT, participants
may be more inclined to change behaviors and not litter because of the sound reward received
with the World’s Deepest Bin. Another similar example, the Bottle Bank Arcade Machine,
applies gamification to recycling glass. Points are earned when glass is deposited in a blinking
hole. Both the point reward and flashy blinking are fun theory components that invite and
perpetuate open-ended play. A study found that many more glass bottles were recycled with the
arcade machine in comparison to a regular bottle bank. Other examples focus on social factors.
In 2004, the Water Games was installed with the Universal Forum of Cultures in Barcelona. The
games consisted of a fountain powered by a closed ring of spinning people. The fountain targeted
cultural immersion by having participants communicate and work together, fostering respect to
cultural diversity [57].
The simplification of TFT is extremely relevant to developing countries because of the
minimal amount of resources and rules needed. TFT was applied to handgrip strength during
data collection. Because a handgrip dynamometer is a foreign object in developing regions, it can
be used to both attract and entice people to play. Additional observations supported that the
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animal scale was a simplified application of gamification. Users were excited to receive an
animal ranking, which acted as a fun comparison with other participants. Further exploration of
handgrip strength and gamification concepts is needed.

5.5 Handgrip Strength Gamification
Observations made during business model validation confirmed the novelty of the
handgrip strength dynamometer in a resource-constrained context. Participants were intrigued by
the unique, foreign factor, which was translated into a fun gamified animal scale. Further
gamification applications were explored in Nyeri, Kenya. This included testing out the handgrip
dynamometer as the centerpiece of different game strategies. The purpose of further gamification
testing was to investigate dynamometer games used for conveying health information.
Game scenarios were tested in downtown Nyeri. Two-player and multiplayer games were
used as case studies to determine challenges and gaps in game design. Because the handgrip
strength dynamometer was not a familiar device, participants often focused on passing the device
around and testing it out instead of listening to game directions. The marketplace was loud and
bustling with people, which also added confusion. In addition, game rules were often not
translated smoothly.
Different payment strategies were tested, including returning the money to the winner of
the game. However, this became tricky, especially when participants felt there was an unfair
advantage if game purpose and rules were misunderstood. The aim of the game was to remember
or list off general World Health Organization health facts that were discussed in the beginning of
the game. Some knew the health facts already, which may have frustrated other players. Despite
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the challenges, interest was garnered from the novelty of the device. Further investigation is
needed to determine which game strategy is most effective.

Chapter 6: Conclusion

Handgrip strength is an easy-to-measure health indicator that is well-suited as a screening
tool in resource-constrained settings. Links between HGS and diabetes indicate that HGS may be
used to screen for diabetes in locations where glucometers and test strips are prohibitively
expensive. Binary logistic regression models show that basic health data, including gender, age,
height, and weight, can be used in conjunction with HGS to calculate the probability of a patient
having diabetes. Large-scale studies are needed to develop a clinically relevant algorithm.
The simplicity of HGS testing makes it easy to integrate into the daily duties of CHWs.
Furthermore, CHW customers have shown a willingness to purchase a HGS test, indicating that
this type of screening could be used as part of a sustainable business. Responses of several
interested parties who declined to purchase the test indicates that popularity can be increased
when HGS is linked to a clinical outcome. In addition, the popularity of the HGS dynamometer
raises the possibility of leveraging the interest in the device to educate customers on other
aspects of health, such as nutrition. Handgrip dynamometers are well suited for the developing
context.
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