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Abstract:
Cardiovascular disease is responsible for 17.5 million deaths per year worldwide. CVD

includes heart attack, heart failure, and stroke. Known risk factors for CVD include high
cholesterol level a sedentary life style, elevated blood pressure (BP), and high triglyceride levels.
Hypertension also has a significant public health impact. It is estimated 62% of US adults have
hypertension, and is implicated in 7.1 million deaths worldwide (Pescatello et al, 2010).

Aerobic exercise is recommended as a non- pharmacological intervention to lower BP.
However, aerobic exercise may not be medically appropriate for all patients who are with
elevated BP and many individuals do not engage in the recommended amounts of regular aerobic
exercise. Handgrip exercise has also been shown to lower BP, suggesting this could be an
alternative option to aerobic exercise. In the limited amount of research on handgrip exercise and
BP with individuals who have hypertension, researchers have found that reductions in BP were
comparable to more intense aerobic activity. However, more studies need to be conducted with
individuals with prehypertension and hypertension.

High levels of cardiorespiratory fitness expressed as maximal oxygen consumption
(VO2max) is associated with reduced all-cause mortality and morbidity. Further, individuals who
have a high VO, max are typically physically active, which reduces the risk for CVD by
preventing the onset of important risk factors, in particular, elevated BP or hypertension. Artero
etal (2011) found a similar relationship with muscular strength in men with hypertension. Artero
demonstrated that greater muscular strength was associated with reduced all-cause mortality and
morbidly, and that this effect was greatest in those who had high muscular strength and high
cardiorespiratory fitness. However, it is unclear if this relationship would be robust in a sample
that included both men and women and those individuals with normal BP to stage 1

hypertension.
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Therefore, this manuscript will meta-analyze the most recent data from 2000 to the
present on the efficacy of isometric hand grip training to lower blood pressure in adults with
normal to stage 1 hypertension. Secondly, this manuscript will provide a short summary of each

trial serving as a systematic review.

1. Introduction:

High BP has a significant public health impact. It is estimated that 62% of US adults have
hypertension, and it is implicated in 7.1 million deaths worldwide (Pescatello et al, 2010).
Normal blood pressure is defined as having a systolic BP (SBP) lower than 120 mmHg and a
diastolic BP (DBP) less than 80 mmHg. In 2003, The Joint National Committee (JNC) put out
their seventh reportintroducing a new BP classification: prehypertension. Individuals with SBP
>120 mmHg but less than 139 mmHg and DBP >80 but less than 90 mmHg have
prehypertension. Individuals with SBP >140mmHg or DBP >90 mmHg have Stage 1
hypertension. Subjects with prehypertension are two times more likely to develop hypertension
than those with lower values (Owen et al, 2010). Cardiovascular disease (CVD) is responsible
for 17.5 million deaths per year, and one hundred and twenty three million Americans are either
obese or overweight (Chobanian et al, 2003). CVD includes heart attack, heart failure, and
stroke. Known risk factors for CVD include high BP, high cholesterol level, a sedentary life
style, high triglyceride level, obesity, excessive sodium intake and inadequate intake of fruits
(Chobanian et al, 2003). Although many of the CVD risk factors are lifestyle related, some CVD
risk factors are inherited; for example, a family history of a cardiovascular event or stroke
increases the risk of a cardiovascular event (Khan et al, 2006). Nonetheless, CVD is primarily

attributed to an individual’s dietary and physical activity behaviors. Sedentary behavior is
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associated with a low level of cardiorespiratory fitness (CRF). Obesity and low CRF have been
shown to independently increase the risk of CVD mortality (Davison et al, 2010). A high CRF
level is inversely related to risk of coronary heart disease or CVD (Kodama et al, 2011). While
there is a strong association between high CRF and risk of morbidity and mortality, most US
adults do not engage in the recommended amounts of physical activity per week, in particular,
those individuals who need it the most. Handgrip exercise has recently been examined as an
alternative modality to aerobic exercise used to lower resting BP. Handgrip is a subset of
resistance exercise and is performed by squeezing a small handheld device. Handgrip has been
shown to cause substantial reductions in BP in individuals with elevated BP, a stroke patient
population (Rantanen et al, 2003), and in a model that included age, race, and gender. With CVD
risk factors, handgrip caused the biggest change in blood pressure (Rose et al, 2003). Handgrip is
a simple exercise that does not involve the same amount of active muscle mass when compared
to aerobicexercise, yet it has been shown to lower BP by a similar magnitude, or in some
studies, greater magnitude than aerobic exercise. Many people can avoid getting a CVD, or
having a risk factor, but due to cultural norms it is difficult not to get a CVD. For example, there
is a lack of health education, lack of access to places to engage in physical activities, larger
servings of food in restaurants, lack of healthy food choices in: schools, workplaces, and
restaurants, lack of exercise programs in schools, the high amounts of sodium in food, and high
costs of food that is low on sodium (Chobanian et al, 2003).

Handgrip is a simple and non-strenuous exercise that causes about the same change in
blood pressure that intense aerobic exercise would. However, there is no clear cut explanation as
to why handgrip works. One plausible explanation is that when handgrip is done, the body

produces stress because of the exercise and as a byproduct of stress blood pressure was lowered.
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Isometric handgrip, which is exercise against an object so the muscles are, stressed but not
stretched, causes a decrease in blood pressure which is about 3 mmHg (Owen et al, 2010).
Isometric handgrip exercises done three to four times a week for about ten minutes lowers both
systolic and diastolic blood pressure. Systolic blood pressure is the contraction of the heart.
Diastolic blood pressure is of time when the heart fills with blood after contraction (Owen et al,
2010). Digital hand grip is a better way to lower blood pressure because it is relatively
inexpensive as compared to antihypertensive medication (Millar et al, 2008). However, handgrip
isn’t foolproof because sometimes there haven’t always been cases where handgrip has not
caused the greatest decrease in blood pressure (Owen et al, 2010) and (Trudeau et al, 2000).
Therefore, we will meta-analyze the most recent data from 2000 to the present on the efficacy of
isometric hand grip training to lower blood pressure in adults with normal to stage 1
hypertension. Second, we will summarize the included trials serving as a systematic review of

isometric hang grip training.

2. Methods:

Literature Search. PubMed was systematically searched to locate relevant trials from January
2000 to August 2012 and were not limited to the English language. Search terms included “blood
pressure; hand grip training; isometric training; resistance training.” Once trials were located the
titles and abstracts were reviewed for preliminary inclusion. Trialshad to include a pre and post
blood pressure assessment, a control group or control session and must report the characteristics
of the hand grip training intervention.

Types of Outcome Measures. The primary outcomes will be defined as the change in systolic

BP (SBP) (mmHg) and diastolic BP (DBP) (mmHg) for the exercise group(s) and control group.
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A negative value will indicate a reduction in BP (i.e., the exercise intervention lowered BP to a
greater extent than the control group).

Data Extraction. After thorough title and abstract screening, trials will be subject to a full-text
review, and if qualify for inclusion, data will be extracted with a coding form. Data extraction
will include information on subject demographics, study design characteristics, and subject
clinical characteristics as well as characteristics regarding the Frequency, Intensity, Time and
Type of the intervention.

Study Outcomes and Calculation of Standard Effect Sizes (ES). Change in SBP and DBP
(mmHg) will be calculated for the IHG and control groups independently and comparatively, as
a change in BP in exercise versus control. In this literature, the majority of study variables will
be reported as continuous measures. Therefore, ES (d) will be defined as (i) the standardized
mean difference between baseline and post-intervention BP values divided by the pooled
standard deviation for the AE and control groups; and (ii) the standardized mean difference
between the AE and control groups will be divided by the pooled standard deviation, correcting
for sample size bias and baseline differences (31). The sign of the calculated ES will be set to
show that negative values indicate that a reduction in BP is observed following the AE
intervention relative to baseline values or to the control group. The mean effect is the weighted
average of the means of individual study effects. All analyses will follow random-effects
assumptions.

Heterogeneity of Effect Sizes. Homogeneity will be assessed with the Q and 12 statistics to
determine if there is more variance between studies than would occur by sampling error alone.
The homogeneity statistic (Q) will be standardized to the 12 statistic (35). Upper values (i.e.,

closer to 100%) suggest heterogeneity and lower values (i.e., closer to 0%) suggest homogeneity
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of the sample (35). We anticipate that our study outcomes will be heterogeneous however due to
the small samples and limited number of trials; we will not explore moderation patterns. Instead,
we will provide a summary of the included trials.

Statistical Analyses. Statistical Package for the Social Sciences (SPSS) and Stata will be used
for analysis. Although SPSS and Stata do not have built in meta-analytic tools, macros have been
developed for meta-analysis. The macros include: meanes, metareg, metaf, metan, metabias, and

confunnel. Alpha will be set at 0.05.

3. Results

A total of 12 articles were identified as potentially relevant articles, however, upon
careful screening, 8 were excluded. Four trials were included in this meta-analysis and
systematic review. Table 1 shows the baseline sample characteristics of the included trails.
Participants ranged in age from 19-66 yrs, each trial involved both men and women, and their
pre-intervention SBP and DBP ranged from normal to stage 2 hypertension (SBP= 11643 to
156+9.4; DBP= 6515.6 to 82+9.3 mmHg). Table 2 shows the exercise intervention
characteristics of the included trials. Trials used similar IHG training protocols however differing
by intervention length, days per week, and the relaxation phase (seconds) of the IHG exercise.

Overall, IHG training reduced SBP 7.6 mmHg (95%CIl: -13.0; -1.89) and DBP 7.3 mmHg
(95%CI: -12.0; -2.41) in the IHG training groups compared to the control groups (Table 2).
Funnel and forest plots for SBP (Figure 1&2) and DBP (Figures 3&4) illustrate plausible
asymmetry and significant heterogeneity amongst trials and additional studies are needed prior to
further analyses. There were significant heterogeneity observed for both however, due to the

limited number of available trialsand the asymmetry observed, moderator analysis was not
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performed (Table 3). Due to limited analysis, below are summaries of each included trial:

In 2000, Ray and colleagues observed isometric hand grip (IHG) to be an: effective non
pharmacological intervention to lower blood pressure (BP). The participants in this study
included: 9 participants inthe IHG in the experimental group, 8 in the control group, and 7 in the
sham training group. All the subjects were normotensive at baseline. The average age
distribution was 19-35yrs. The sham group preformed the same exercise as the experimental
group, however, the sham group only held the hand grip dynamometer without exerting any
force during the exercise. The intervention lasted for five weeks, and the exercise was perfor med
four times per week. The exercise will be performed at 30% of maximal voluntary contraction
(MVC), and the training involved 2 minutes of isometric contraction, and they will be allotted 5
minutes of relaxation. BP in the exercise group was reduced following IHG training. For
example, pre intervention SBP pre intervention was at 116 + 3 mmHg, and it dropped down to
113 £ 2 mmHg. DBP followed a similar trend; pre-intervention DBP was 67 £ 1 mmHg and was
decreased to 62 + 1mmHg after training.

Two years following the work of Ray and his colleagues, Howden et, al (2002), also
observed IHG training to lower BP. This study provided additional supported for the role of IHG
as an effective anti-hypertensive therapy. There were 33 subjects in this study, approximately ,
ages 21.1 +1.2 years and involved three different intervention groups. Eight participants in the
IHG arm exercise, there were 16 subjects comprised the control group, and the 9 remaining
subjects performed isometric leg exercises. The intervention lasted for five weeks, and the
exercise was performed three times a week. The subjects performed the IHG training by using
30% MVC. The training consisted of 2 minutes of contraction followed by 2 minutes of

relaxation. Howden et al, found that IHG exercise reduced BP by a greater magnitude then
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previously observed in aerobic exercise trials. Participants in the IHG training group had pre-
hypertension at baseline with a SBP value of, 120.7 + 9.6mmHg. Following training participants
reduced SBP to 110.4 £ 8mmHg, the normal BP range. This group reduced SBP by almost 10
mmHg in five weeks of training.

In support of the previously discussed trials, Taylor et al (2003) also proved observed BP
reductions following IHG training. The participants in his study included: 9 participants in the
IHG inthe experimental group, 8 in the control group. All the subjects were hypertensive at
baseline. The average age distribution was 60-80yrs. The intervention lasted for ten weeks, and
the exercise was done four times per week. The exercise was performed at 30% MVC, with 2
minutes of contraction followed by; 1 minute of relaxation. BP was reduced by a large
magnitude. For example, pre intervention SBP was at 156 + 9.4 mmHg, and was reduced post
intervention to 137 £ 8mmHg. For DBP, pre intervention values averaged 82 + 9.3mmHg to 75 +
11mmHg following training. Clinically, the subjects in the experimental group went from a BP
classification of Stage-1 hypertension to pre-hypertension within 10 weeks of IHG training.

Lastly in astudy done by Millar and colleagues in (2008), they examined the
effectiveness of IHG training as non-pharmacological intervention to lower BP in older adults
(66.4 + .9 years). The participants in this study included: 24 participants in the IHG group and 25
in the control group. All the subjects were normotensive at baseline. The intervention lasted for
eight weeks, and the exercise was performed three times per week. The exercise will be done at
30-40% MVC and involved, 2 minutes of contraction followed by one minute of relaxation.
Large BP reductions were observed following the IHG training. Blood pressure in the exercise
group dropped quite a bit. Pre-intervention SBP was 122 + 2.8mmHg, and was reduced 10 £ 3

mmHg following the intervention. Similarly pre-intervention DBP (70 £1.3mmHg) was reduced
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by 3+ 1 mmHg. BP change in control group was non-significant with reductions in SBP of 1 + 3
mmHg and had no change in DBP (0 £ 1mmHg).
Discussion and CONCLUSION:

IHG training has been shown to lower blood pressure in most cases. It hasn’t been the
most approved form of exercise due to the fact that there is no clear cut explanation that explains
the effectiveness of IHG training. Isometric Handgrip has been a very favorable exercise due to
the fact that it is a non strenuous and a non- pharmacological intervention.

This paper is a meta-analysis that reviewsthe effectiveness of IHG training. The paper
looked at four different articles and examined the effects of IHG training. When all four of the
papers were compared against each other all of the experimental IHG groups caused a bigger
reduction in BP than the control groups did. This meta-analysis therefore was able to further

solidify the importance of IHG training in regards to BP reduction.
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Table 1. Pre-intervention sample characteristics
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Tot IH Contr Age Control
Author, Yr  al G ol M/F g SBP DBP SBP DBP
M () () (yr) (mmH (mmH  (mmH (mmH
9) 9) 9) 9)
Ray, 2000 131 116 + 3 67 +1 NA NA
Y. 17 9 8 1 1935 - =
Howden, 18/1 211+ 120.7 % 65 +
+ +
2002 33 8 16 2 1.2 9.6 5.6 1189 16
Taylor, 156 + 82+
152 + T+.7
2003 17 9 8 9/8 60-80 9.4 9.3 528 8
. 21/2 664+ 122+ 70 +
Millar, 2008 9 24 o5 g 0.9 28 13 117+ 3 68 + 2
Note. All values are mean + SD unless stated otherwise.
Table 2. IHG training characteristics
IHG protocol IHG BP
Intensit Change
Author, Length Frequency S J
. 1 (% (mmHg)
Yr (wks)  (sessions-wk™) - -
MVC)  Contraction Relaxation
SBP DBP
phase (s) phase (s)
Ray,
2000 5 4 30 120 300 -3.0 -5.0
Howden, -
2002 5 3 30 120 180 103 1.7
Taylor,
10 4 30 120 60 -
2003 190 -7.0
Millar,
2008 8 3 30-40 120 60 -3.0 -0.4

Note. All values are mean + SD unless stated otherwise.
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Figure 1. Mean standardized effect (d+) of IHG training on SBP compared to control.
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Study SBP: mean
ID subgroup effect size

1992
Wiley

Subtotal (I-squared = .%, p=.) ——— = |

-4.46

2000
17
-.15

Ray a ——
Ray b —
Subtotal (I-squared = 0.0%, p = 0.569) <>

2002
Howden
Subtotal (I-squared = .%, p=.)

— -.83

_.l_

=
2003 E
Taylor —
Subtotal (I-squared =.%, p =) ——
2008 :
Millar .
Subtotal (I-squared = .%, p = .) <>

-.69

Overall (I-squared = 54.8%, p = 0.050)

NOTE: Weights are from random effects analysis

I I I I I I I
8 -7 6 -5 -4 -3 -1-50 .

o -
= —
N

Figure 2. Forest plot of mean standardized effect(d.) of IHG training on SBP compared to
control by study.
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1

15

2
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3
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Figure 3. Mean standardized effect (d+) of IHG training on DBP compared to control
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Study DBP: mean
ID subgroup effect size
1992
Wiley * , -2.65
Subtotal (I-squared =.%, p=.) _
2000 :
Ray a — -1.89
Ray b — -1.51
Subtotal (I-squared = 0.0%, p = 0.668) =
2002 .
Howden —— -1.06
Subtotal (I-squared = .%, p=.) i
2003
Taylor —— -.45
Subtotal (I-squared =.%, p =.) =
2008 :
Millar . — -.39
Subtotal (I-squared = .%, p = .) L <>
Overall (I-squared = 59.0%, p = 0.032) <>
NOTE: Weights are from random effects analysis !

| | | | 1 1 |

-1-50 51 2

Figure 4. Forest plot of mean standardized effect(d:) of IHG training on DBP compared to

control by study
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Table 3. Weighted mean effectsize of blood pressure change for each comparison group

SBP DBP
d+ (959%Cl) Homogeneity of d’s d+ (959%0Cl) Homogeneity of d’s
Group  Random- 2(050 Random- 2(0E0
(k=6) effects Q P %(95%C1) effects Q b 15(95%CH)
-0.13(- 0.03(-
CON 0.42,0.16) 3.7 .59 0.0% (0-84) 0.26,0.31) 1.6 .90 0.0% (0-51)
-0.78(- 47.9% (0- -0.94(- 35.1% (0-
IHG 1.31,-0.25) 96 .09 79) 1.43,-0.45) rroA 74)
'C'SG 0817 1oo ooy T46% (42 -1.20(- o o1 048% (15
CON 0.09) v 89) 1.88,-0.52) - 85)

Note. Weighted mean effect size values (d.) are negative when the exercise
intervention reduced blood pressure compared to control group calculated by
subtracting pre-training BP values from post-training BP values. k, number of
observations. DBP, Diastolic blood pressure. SBP, Systolic blood pressure.

Table 3. Weighted mean effectsize and change in blood pressure when exercise is
compared to control (k=6)

Homogeneity of d’s

A in mmHg Range
d. (95%ClI)
95%ClI H
( ) (mmHg) Q p  I2(95%CI)
20.89 (-1.7.- 95.0% (91-
SBP 0.09) 757(-130,-1.89) -153t015 994 <001 079%)
-1.20 (-1.88,- 97.3% (96-
DBP 052) 7.28(-12.0,-2.41) -165t0-25 1916 <001 8%)

Note. Weighted mean effect size values (d.) are negative when the exercise
intervention reduced blood pressure compared to control group calculated by
subtracting pre-training BP values from post-training BP values; this model
follows mixed-effects assumptions. k, number of observations. DBP,
Diastolic blood pressure. SBP, Systolic blood pressure
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