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Abstract

Introduction—Muscle strength may play a role in cardiometabolic disease. We examined the
relationship between hand grip strength and diabetes and hypertension in a sample of healthy
weight adults.

Methods—In 2015, we analyzed the National Health and Nutrition Examination Survey 2011—
2012 for adults aged =20 years with healthy BMIs (between 18.5 and <25 kg/m?2) and no history
of cardiovascular disease (unweighted n=1,469; weighted n=61,672,082). Hand grip strength was
assessed with a dynamometer. Diabetes was based on hemoglobin Alc level and reported diabetes
diagnosis. Hypertension was based on measured blood pressure and reported hypertension
diagnosis.

Results—Individuals with undiagnosed diabetes compared with individuals without diabetes had
lower grip strength (51.9 vs 69.8, p=0.0001), as well as among individuals with diagnosed
diabetes compared with individuals without diabetes (61.7 vs 69.8, p=0.008). Mean grip strength
was lower among individuals with undiagnosed hypertension compared with individuals without
hypertension (63.5 vs 71.5, p=0.008) as well as among individuals with diagnosed hypertension
compared with those without hypertension (60.8 vs 71.5, p<0.0001). In adjusted analyses
controlling for age, sex, race, smoking status, and first-degree relative with disease, mean grip
strength was lower for undiagnosed diabetes (= -10.02, p<0.0001) and diagnosed diabetes (=
-8.21, p=0.03) compared with individuals without diabetes. In adjusted analyses, grip strength
was lower among individuals with undiagnosed hypertension (3= -6.6, p=0.004) and diagnosed
hypertension (= —4.27, p=0.04) compared with individuals without hypertension.
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Conclusions—Among healthy weight adults, combined grip strength is lower in individuals
with diagnosed and undiagnosed diabetes and hypertension.

Introduction

Methods

According to the WHO,1 approximately 347 million people have diabetes worldwide.
Diabetes is a chronic and disabling disease that affects 8.3% of the U.S. population, nearly
26 million adults.2 The prevalence of diagnosed diabetes has increased in recent years.3
However, a substantial proportion of people with diabetes in the U.S. are undiagnosed.*
Similar to diabetes, hypertension is a highly prevalent condition in the U.S. population,
which has implications for cardiovascular morbidity and mortality, yet a substantial
proportion are undiagnosed.> Approximately one in three U.S. adults has high blood
pressure, with more than one third of these individuals unaware of their hypertension.®

There has been a staggering increase in the prevalence of obesity over the past 30 years in
the U.S.” Furthermore, global studies have reported that increased BMI is one of the factors
most strongly associated with diabetes and hypertension.8: Extensive evidence indicates
that obese individuals are at higher risk for both diabetes'9-20 and hypertension21-30 than
individuals of healthy weight. Consequently, healthcare providers now view obese
individuals as an important high-risk target population. The focus on obese individuals,
however, may lead to missed opportunities for investigation of undetected disease in healthy
weight individuals. Individuals of a healthy weight may have “normal weight obesity,” a
condition characterized by high body fat and lower lean muscle mass at a healthy BM1.31
Recent reports indicate “normal weight obesity” is associated with increased risk of
developing cardiovascular disease and diabetes.31-33

A potential marker for guiding detection of undiagnosed disease among patients at normal
weight is grip strength. Grip strength is noninvasive and easy to measure. Grip strength is
associated with both Type 2 diabetes and cardiovascular disease343% and has been shown to
be lower in older men with Type 2 diabetes compared with nondiabetic controls.36 This
study also showed that grip strength was negatively correlated with blood hemoglobin Alc
(HbAZLc) levels. Similarly, de Carvalho e Silva et al.3” found that grip strength was
incrementally lower in individuals with diabetes and osteoarthritis, respectively, compared
with healthy controls. Despite these emerging associations, grip strength is rarely used as a
marker of disease risk in primary care settings and has also been under-investigated as a cue
to screen for diabetes or hypertension.

The purpose of this study was to examine the relationship between hand grip strength and
undiagnosed diabetes and hypertension among adults of healthy weight in a nationally
representative sample.

We analyzed the National Health and Nutrition Examination Survey (NHANES) for the
years 2011-2012. NHANES is a large, nationally representative survey that samples the
non-institutionalized population of the U.S. using a stratified multistage probability sample
design. The National Center for Health Statistics (NCHS) uses a multilevel weighting
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system to account for survey design and nonresponse. This allows the study to provide
nationally representative population estimates of the U.S. The current study focused on
adults aged =20 years who reported never having been told they have cardiovascular disease
(coronary heart disease, heart attack, or stroke) and who had a BMI between 18.5 and <25
kg/m?2.38 A total of 1,469 adults with no history of cardiovascular disease had BMls in the
healthy range, representing 61,672,082 Americans.

Isometric handgrip strength was measured using a handgrip dynamometer (Takei digital grip
strength dynamometer). Grip strength was measured three times using both hands in a
standing position. We used the combined grip strength in kilograms, which is the sum of the
largest reading from each hand. Individuals who only had one hand tested were not included
in the sample, as NHANES does not calculate combined grip strength for these individuals.

Individuals who had an HbA1c level of 26.5% and who were never told they had diabetes
(excluding gestational) were considered to have undiagnosed diabetes.3? Individuals who
reported they had been told by a healthcare provider that they had diabetes were considered
to have diagnosed diabetes. Individuals who had never been told they had diabetes and had
an HbA1c level of <6.5% were considered not to have diabetes.

Blood pressure was measured using a sphygmomanometer during a physical examination at
a mobile examination center. Three measures of blood pressure were obtained, with a fourth
attempt for those who had a previous measurement interrupted or incomplete. Mean systolic
and mean diastolic blood pressure were calculated. Undiagnosed hypertension was defined
as having a mean systolic blood pressure of 2140 or a mean diastolic blood pressure of 290,
for respondents who reported never having been told by a physician that they had high blood
pressure or hypertension.*0 Diagnosed hypertension was defined as having ever been told by
a physician that they had high blood pressure or hypertension. No hypertension was defined
as no previous hypertension diagnosis, and having a systolic blood pressure of <140 and a
diastolic blood pressure of <90. It should be noted that although a more updated
classification of hypertension was released in 2014, we felt that it was important to use the
classification available to clinicians at the time of the data collection in 2011-2012.41

Age was self-reported and divided into two categories: 20-64 and =65 years. Race/ethnicity
was also self-reported and was categorized as non-Hispanic white, non-Hispanic black,
Hispanic, and Asian/other. Sex was self-reported.

Because family history of a particular disease will increase suspicion of potential undetected
disease, we thought that it was important to account for first-degree relatives with diabetes
or heart attack/angina. NHANES asks respondents if they have a close biological (blood)
relative (e.g., father, mother, sister, or brother) with a heart attack or angina before age 50
years or diabetes.#2 Having a first-degree relative with diabetes was defined as individuals
who reported having a close biological relative ever having been diagnosed with diabetes. A
first-degree relative diagnosed with heart attack or angina was defined as individuals who
reported a close biological relative who had been diagnosed with a heart attack or angina by
a health professional before age 50 years.
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We controlled for smoking status, as smoking has been associated with the development of
sarcopenia.*3 NHANES respondents are asked if they have smoked at least 100 cigarettes in
their lives, and if they are currently smoking some day, every day, or not at all.** Smoking
status was categorized as never smoker (having smoked <100 cigarettes in one’s life),
current smoker (having smoked =100 cigarettes in life, and reporting smoking some or every
day), and former smoker (having smoked =100 cigarettes in life, and reporting no current
smoking).

Statistical Analysis

Results

To account for the complex sampling design of the NHANES, we used SUDAAN, version
11 for all data analyses. The analyses utilized the nesting capability in SUDAAN with
variables provided in NHANES (that account for stratum-level differences and primary
sampling unit differences) for all analyses, along with the appropriate weight identified by
NCHS for the type of data being used in our analyses. Utilizing these weights and sampling
design variables allowed us to account for the complexity of the sampling design in
performing univariate analyses, two-sample t-tests, and linear regression models and make
population estimates for the non-institutionalized adult population of the U.S. Analysis was
conducted in 2015 of data collected in 2011-2012.

We examined demographic (age, race, sex) and health-related (smoking status, first degree
relatives diagnosed with disease) characteristics of the respondents. We also examined the
differences in mean combined grip strength by disease status for hypertension and diabetes
using two sample t-tests. We used two-sample t-tests because SUDAAN does not support
analysis of variance computations. In order to test differences in means, we computed t-tests
examining each pair of disease statuses (no disease, diagnosed disease, and undiagnosed
disease) for diabetes and for hypertension. We computed a linear regression model assessing
the impact of diabetes status (no diabetes, diagnosed diabetes, and undiagnosed diabetes) on
combined grip strength, controlling for age, sex, race, smoking, and first-degree relatives
with diabetes. We computed a linear regression model assessing the impact of hypertension
status (no hypertension, diagnosed hypertension, and undiagnosed hypertension) on
combined grip strength, controlling for age, sex, race, smoking, and first-degree relatives
with a history of heart attack/angina. We used listwise deletion of missing cases for the
regression analyses.

In addition to the main analysis of all adults, we also examined the relationship between grip
strength and disease status among adults aged =45 years, as the U.S. Preventive Services
Task Force and American Diabetes Association recommend screening individuals aged =45
years.3945 Individuals who self-reported an age of >45 years were included in this analysis.
This subgroup was examined using the same analytic methods described for the main
analysis. Analysis of individuals aged <45 years was not possible because of limited sample
size.

Demographic characteristics for the full sample as well as hypertension and diabetes status
are shown in Table 1. Table 1 also provides demographic for individuals with diagnosed/
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undiagnosed hypertension and diagnosed/undiagnosed diabetes. The results presented in
Table 2 showed that grip strength among individuals with undiagnosed diabetes or
diagnosed diabetes was significantly lower than that of individuals without diabetes.
Similarly, individuals with undiagnosed hypertension or diagnosed hypertension had
significantly lower grip strength than individuals without diagnosed hypertension.

Tables 3 and 4 present the results of the multivariate analyses controlling for demographics
and having a first-degree relative with disease. As with the unadjusted results, the adjusted
results for both diabetes and hypertension showed a significant relationship of lower grip
strength among individuals with undiagnosed disease or diagnosed disease compared with
individuals with no disease.

Age 45 Years and Older

In the subgroup analysis focusing on individuals aged =45 years only, mean combined grip
strength was lower among individuals with diagnosed diabetes (mean=58.3, SE=2.5) and
undiagnosed diabetes (mean=49.4, SE=2.4) compared with individuals who had no diabetes
(mean=63.4, SE=0.8). Two-sample t-tests indicated that means for diagnosed diabetes and
undiagnosed diabetes were significantly different (p=0.002), as were means for undiagnosed
diabetes and no diabetes (p<0.0001). The means for diagnosed diabetes versus no diabetes
were not significantly different (p=0.06).

Mean grip strength was also significantly lower among individuals with diagnosed
hypertension (mean=56.3, SE=1.5) and individuals with undiagnosed hypertension
(mean=62.4, SE=3.1) compared with those without hypertension (mean=66.0, SE=1.6).
Two-sample t-tests indicated that the means of diagnosed hypertension and no hypertension
were significantly different (p=0.0005). The means of diagnosed hypertension and
undiagnosed hypertension were not significantly different (p=0.1). The means of
undiagnosed hypertension and no hypertension were also not significantly different ( p=0.4).

Linear regression analyses indicated that diabetes diagnosis status was associated with
combined grip strength (diagnosed diabetes, = —7.83 p=0.02; undiagnosed diabetes, =
-9.24, p<0.0001; no diabetes, ref). Hypertension status was also associated with lower
combined grip strength (diagnosed hypertension, = —5.31, p=0.002; undiagnosed
hypertension, = —5.95, p=0.01; no hypertension, ref).

Discussion

We found that among adults with healthy BMIs without a history of cardiovascular disease,
lower grip strength was associated with undiagnosed diabetes and undiagnosed hypertension
as well as diagnosed disease. Grip strength was significantly lower among individuals with
diagnosed or undiagnosed disease even after controlling for common demographics and
family history of disease. To our knowledge, this is the first study to report these
associations in a sample that included young, middle-aged, and older adults. This work
suggests that grip strength may have potential utility as a quick, noninvasive marker to cue
physicians and increase suspicion of undiagnosed cardiometabolic disease, specifically
diabetes and hypertension.
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There are a number of reasons why grip strength could be related to hypertension and
diabetes. First, the difference in muscle strength between individuals with and without
diabetes and hypertension could reflect lower muscle quality (muscle strength/muscle mass
or muscle strength/body weight). A growing body of evidence strongly suggests that age-
related changes in skeletal muscle composition, specifically the accumulation of lipids
within skeletal muscle fibers, contributes to poor muscle quality and can lead to metabolic
disorders such as insulin resistance. Poor muscle quality has been found to be directly
related to changes in body composition and functional capacity during aging,%6:48 as well as
poor cardiorespiratory function,*? risk for disability,? and mortality>:52 in older adults. In
addition to changes in muscle quality, muscle mass has consistently been found to decline
during aging (i.e., sarcopenia). This loss of muscle mass appears to be primarily due to the
progressive loss of Type Il muscle fibers and motor neurons®? and is related to a
corresponding reduction in skeletal muscle strength.5*5 Moreover, sarcopenia is an
emerging risk factor for metabolic disorders and hypertension.>8-58 Because skeletal muscle
is a primary site for glucose uptake and deposition, loss of muscle mass and muscle quality
can promote insulin resistance, and lead to the development of metabolic syndrome and
diabetes.59-61

The specific biological mechanism linking low grip strength and sarcopenia with
hypertension and Type 2 diabetes is not known, but sarcopenia and impaired metabolic
states share common cellular and molecular characteristics. For example, increased fat
infiltration into muscle bundles can lead to the accumulation of intermuscular adipose
tissue,52:63 which has been found to adversely affect mitochondrial function®46° and insulin
signaling.%8 Converging evidence suggests that reductions in mitochondrial function have a
pivotal role in the pathogenesis of muscle degradation87:68 and cardiometabolic
disorders.69-"1 Increased levels of oxidative stress and chronic molecular inflammation,
which are commonly observed during aging, also appear to directly contribute to the
development of sarcopenia and a host of cardiometabolic disease conditions, including
hypertension and diabetes. The activation of specific inflammatory signaling pathways’2 can
lead to cellular apoptosis (programmed cell death),”® which been shown in several clinical
conditions to negatively affect muscle mass and function.”4=76 Of note, regular exercise,
which has consistently been shown to lower blood pressure and improve glycemic
control,””:"® may improve metabolic function and avert sarcopenia by improving
mitochondrial function and reducing inflammation, oxidative damage, and consequent
atrophy and apoptosis of skeletal muscle myocytes.

Second, the finding of lower grip strength among diabetics in particular could be caused by
peripheral neuropathy’® or diabetic hand syndrome. Diabetic hand syndrome is
characterized by limited joint mobility or diabetic cheiroarthropathy, flexor tenosynovitis,
and Dupuytern disease,8® which can cause significant morbidity and may negatively impact
grip strength.8 Handgrip strength has been shown to be an indicator of autonomic damage
in individuals with diabetes.52

Although the current findings are suggestive of the clinical utility of grip strength as a
marker for undiagnosed disease, the benefit of grip strength as a prescreening strategy
requires more controlled research. Disease status was associated with lower grip strength,
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even controlling for age, smoking, and first-degree relatives with the disease. However,
having a better understanding of the positive and negative predictive value of grip strength
as a screening tool for either hypertension or diabetes is necessary before making strong
conclusions regarding its benefit. Because primary care physicians must deal with
undifferentiated patient populations, they must therefore use different patient characteristics
to guide screening and grip strength may help in their decision making. In the same way that
BMI in the overweight or obese categories risk stratifies patients and cues physicians to the
need for screening, grip strength could help primary care physicians with adult patients who
present with healthy BMIs. Because nearly all patients have their blood pressure taken in an
office visit, regardless of whether the patient is obese the additional value of a grip strength
assessment for hypertension may be limited. For diabetes, grip strength could be a quick and
easy option to increase suspicion among normal weight individuals and guide blood test
screening. This method of prescreening requires only a dynamometer and requires little time
to complete, but has the potential to identify patients who could benefit from screening.

An additional area of future research could be to provide normative data for grip strength
related to risk of disease. Not only could that be age and sex normed but it could be
potentially normed for different ethnic groups. The variation in genetic admixture would
have to be carefully considered if one were to norm based on self-reported ethnicity. For
example, WHO has considered different BMI standards for healthy weight for different
ethnics groups and, in particular, Asians.83 However, because of variation even among
“Asians,” they ultimately recommended that the current WHO BMI cut off points (18.5-
24.99, 25.0-29.99, and >30 kg/m?) should be retained as the international classification.84

This study has a number of limitations. First, undiagnosed disease status was made on the
basis of one physical exam and blood analysis, which may not be sufficient to determine
diabetes or hypertension status. However, we used HbAlc level, a measure that accounts for
longer-term glucose impairment to diagnose diabetes. Blood pressure measurements were
also attempted up to four times, in order to obtain three readings, which were then averaged.
Second, we only examined grip strength as a measure of muscle strength. Although our
study did not allow for more-intense measures of muscle mass or muscle strength, we
focused on grip strength because other underlying causes germane to diabetes and
hypertension (e.g., neuropathy) may be manifested in this measure. Third, this study is
cross-sectional in nature, and cannot speak to whether diseases such as diabetes and
hypertension cause lower grip strength; it only shows that they are associated with it.

Conclusions

Our findings indicate lower grip strength is associated with undiagnosed and diagnosed
diabetes and hypertension, and the presence of these two conditions is associated with lower
grip strength among individuals with a healthy BMI. This finding may have clinical utility
for providers in that it points toward a quick, easily administered prescreening tool that can
indicate which healthy weight patients may benefit from more intensive screening.
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Table 1
Sample Characteristics
Full Diagnosed/ Diagnosed/
sample(%) undiagnosed undiagnosed
diabetes(%) hypertension(%)

Unweighted sample size 1,469 97 363
Weighted sample size 61,672,082 2,741,535 12,748,322
Sex

Male 44.8 54.7 448

Female 55.2 453 55.2
Age

20-64 85.7 61.7 61.5

65 and older 14.3 38.3 385
Race

Non-Hispanic white 67.9 54.1 71.4

Non-Hispanic black 8.3 13.8 11.3

Hispanic 10.7 10.4 6.4

Asian/Other 13.2 217 10.9
First degree relative diagnosed with diabetes 26.8 55.4 29.2
First degree relative diagnosed with heart attack/angina 10.4 10.7 12.3
Smoking status

Current smoker 242 29.5 24.6

Former smoker 19.2 331 29.7

Never smoker 56.5 37.4 45.7
Diabetes

Diagnosed diabetes 3.9 - 10.8

Undiagnosed diabetes 0.8 - 2.0

No diabetes 95.3 - 87.2
Hypertension

Diagnosed hypertension 14.6 41.9 -

Undiagnosed hypertension 6.7 13.1 --

No hypertension 78.7 45.0 --
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Table 2

Comparison of Mean Combined Grip Strength by Disease Status Using t-tests for Statistical Significance

Mean SE  p-value

Diabetes
Diagnosed Diabetes 617 2.86
Undiagnosed Diabetes 519 291
No Diabetes 69.8  0.69

Hypertension
Diagnosed Hypertension 60.8 1.61
Undiagnosed Hypertension 635 237
No Hypertension 715 084

Diabetes
Diagnosed diabetes vs undiagnosed diabetes 0.002
Diagnosed diabetes vs no diabetes 0.008
No diabetes vs undiagnosed diabetes <0.0001

Hypertension

Diagnosed hypertension vs undiagnosed hypertension 0.42
Diagnosed hypertension vs no hypertension <0.0001
No hypertension vs undiagnosed hypertension 0.008
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Note: Boldface indicates statistical significance (p<0.05).
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Table 3

Linear Regression of Diabetes Status and Combined Mean Grip Strength
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B Coefficient  p-value

Intercept 89.02 <0.0001
Sex

Male

Female -30.38 <0.0001
Age

18-64

65+ -15.71 <0.0001
Race

Non-Hispanic white

Non-Hispanic black 2.23 0.15

Hispanic -2.9 0.02

Asian -4.46 0.001
First degree relative diagnosed with diabetes

No first degree relative diagnosed with diabetes

First degree relative diagnosed with diabetes -0.04 0.96
Smoking status

Current smoker 114 0.37

Former smoker 1.68 0.35

Never smoker
Diabetes diagnosis

Diagnosed diabetes -8.56 0.03

Undiagnosed diabetes -9.76 <0.0001

No diabetes

Note: Boldface indicates statistical significance (p<0.05).
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Table 4

Linear Regression of Hypertension Status and Combined Mean Grip Strength

B Coefficient  p-value

Intercept 89.64 <0.0001
Sex

Male

Female -29.95 <0.0001
Age

18-64

65+ -14.01
Race

Non-Hispanic white

Non-Hispanic black 2.00 0.21

Hispanic -3.70 0.006

Asian -5.38 <0.0001
First degree relative with heart attack

No first degree relative diagnosed with heart attack

First degree relative diagnosed with heart attack -0.24 0.90
Smoking status

Current smoker .80 0.53

Former smoker 1.50 0.37

Never smoker
Hypertension diagnosis

Diagnosed hypertension -4.93 0.03

Undiagnosed hypertension -6.82 0.003

No hypertension

Note: Boldface indicates statistical significance (p<0.05).
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