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The association between blood pressure and grip
strength in adolescents: does body mass index matter?

Bin Dong1,2, Zhiqiang Wang1,2, Luke Arnold2, Yi Song1, Hai-Jun Wang1 and Jun Ma1

Increased body mass index (BMI) has been related to both low grip strength and high blood pressure (BP) in adolescents.

Previous reports of high BP associated with decreased grip strength could be due to the inherent increase in BP in youths with

high BMI. This cross-sectional study aimed to examine the association between grip strength and BP in adolescents independent

of BMI. A total of 88 865 Chinese adolescents aged 13–17 years were included in this study. Sex-, age- and height-specific

references were applied to calculate the BP z-score and define elevated BP. Grip strength was evaluated as handgrip (kg)/weight

(kg) and converted into a sex- and age-specific z-score for analysis. Using fractional polynomial regression, we found that

increased BMI was associated with enhanced BP and decreased grip strength; however, after stratification by or adjustment for

BMI, strong grip strength was related to an increased BP. Logistic regression models revealed that a one s.d. increase in boys’

grip strength z-score was associated with an 18% (95% confidence interval: 12, 25) to 37% (19, 59) higher risk of elevated BP

when adjusted for BMI. These associations remained significant after further adjustment for cardiorespiratory fitness. A similar

pattern was also observed in girls. These results indicated that strong grip strength was associated with increased adolescent BP

after adjustment for BMI. Our findings raise questions about using muscle-strengthening training as an approach to improve the

BP profile in adolescents.
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INTRODUCTION

Hypertension is one of the most important, preventable contributors
to disease and death.1 Although outcome data on the benefits
of early intervention for children with hypertension are limited,
available clinical trials have indicated that the treatment of childhood
hypertension can lead to immediate improvements in intermediate
cardiovascular outcomes, including regression of left ventricular
hypertrophy.2,3 Because there are also reports that link increased
blood pressure (BP) in childhood with hypertension in adulthood,4

the prevention and treatment of elevated BP early in life can result in a
life-long reduction of BP and its associated conditions.5

Grip strength is appealing as a quick and inexpensive way to
indicate an individual’s muscle strength, and a study has shown that it
is highly correlated with total muscle strength in adolescents.6

An increasing amount of evidence has associated grip strength
with cardiovascular outcomes in adults.7,8 However, the association
between grip strength and BP in youth is unclear. Although some
surveys have reported adolescents with strong muscle strength
presented a lower BP,9,10 others have suggested that this protective
effect was mediated by body mass index (BMI).11 However, the
question of the independent relationship between grip strength and

adolescent BP regardless of adiposity remains; it is also unclear
whether this independent association varies among adolescents with
different BMI strata.
Studies have suggested that through muscle-strengthening exercises,

such as resistance training, adolescents have demonstrated enhanced
muscular strength.12 Evidence has also shown that muscle strength
measurement could be a satisfactory indicator of resistance training
habits in an epidemiological study.13 As a consequence, the
investigation of the relationship between grip strength and BP provides
us with an opportunity to look into the effect of muscle-strengthening
training on adolescent BP, which may contribute to the current
inconsistent recommendations of applying resistance training to
reduce the burden of hypertension in children and adolescents.14–17

Using the database of the Chinese National Surveys on Students’
Constitution and Health (CNSSCH), we examined the association
between grip strength and BP in young people aged 13–17 years
after stratifying by, or adjusting for, BMI. This relationship was
further examined by taking cardiorespiratory fitness (CRF) into
consideration. These results have the potential to aid the
development of a relevant physical activity intervention and public
health policy.
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METHODS

Participants
In 2010, students of Han nationality from primary and secondary schools in 30
mainland provinces of China were recruited to participate in the CNSSCH.
As reported previously,18 a stratified multistage sampling method was used in
this survey. Each province was classified into two area groups (urban and rural
areas) and further grouped into sex- and age-specific subgroups. In each
subgroup, an equal number of students was selected by stratified cluster
sampling from some classes, which were randomly selected from each grade in
the selected school. Because only Tibetans were selected in Tibet, Tibet was not
included in this study. Of the 89 655 adolescents aged 13–17 years, 754 (0.84%)
participants were excluded because of missing information for height, weight,
BP, handgrip or distance run. Another 36 (0.04%) participants who had
extreme values for these variables (⩾6 sex- and age-specific s.d.s. on either side
of the mean) were also excluded. Thus a total of 88 865 participants were
included in the final analysis.
This survey was conducted according to the guidelines in the Declaration of

Helsinki and approved by six ministries of China, including the Ministry of
Education, the General Administration of Sport, the Ministry of Health, the
State Ethnic Affairs Commission, the Ministry of Science and Technology and
the Ministry of Finance. Informed consent was obtained from both parents
and students. The protocol for analyzing the survey data was approved by the
Medical Research Ethics Committee of the University of Queensland
(No. 2011001199).

Measurements
Anthropometric measurements were obtained according to the same protocol
at all survey sites.18 Students were asked to wear light clothes without shoes.
Height was measured to the nearest 0.1 cm using a stadiometer, and weight was
recorded to the nearest 0.1 kg with a scale. BMI was calculated by dividing
weight by height squared (kg m− 2) and was categorized as thin, normal or
overweight and obese according to the sex- and age-specific references for
children suggested by Cole et al.19,20

Grip strength, the indicator of muscle strength, was evaluated using handgrip
according to the recommendations by the Institute of Medicine.21 To avoid the
potential bias effect of body weight on the estimation of grip strength, handgrip
(kg)/body weight (kg) was calculated to assess the grip strength. This
adjustment is in line with the standard assumptions about morphological
effects13 and was also performed in relevant studies conducted in children and
adolescents.11,22 Handgrip was assessed by using a hydraulic dynamometer,

after the grip-span of the dynamometer was adjusted to the hand size of the
child. With the elbow in full extension, the child pressed the dynamometer with
their dominant hand. Two measurements were performed, and the maximum
value was recorded with a precision of 0.1 kg.
CRF was evaluated using distance run. Compared with maximal aerobic

power (VO2max), the gold standard measure of CRF, distance run has been
observed to have good-to-high correlation with VO2max (r=− 0.63 to
− 0.90).23 Additionally, distance run has been found to be reliable based on
test–retest correlations.23 A 1000-m and 800-m run test were adopted for boys
and girls, respectively. Trained physical education teachers conducted the test
according to the protocol. In each test, at least two participants were tested
together, and they were encouraged to run as fast as possible. The time to
complete the distance run test was recorded in units of seconds. Participants
with longer times to finish the distance run were regarded as having a
lower CRF.
BP was measured according to the recommendations of the National High

Blood Pressure Education Program (NHBPEP) Working Group in Children
and Adolescents,14 using an auscultation mercury sphygmomanometer with an
appropriate cuff size. BP measurements were taken at least 5 min after resting.
Systolic BP (SBP) was defined as the onset of the ‘tapping’ Korotkoff sounds,
and diastolic BP (DBP) was defined as the fifth Korotkoff sound. An average of
three BP measurements at a single visit was calculated for each adolescent.
As the distribution of BMI, grip strength and distance run changes as

adolescents mature and as the patterns of growth also differ between boys and
girls, these parameters were transformed into sex- and age-specific s.d. scores
(z-scores) to allow the association between grip strength and BP to be evaluated
independent of the sex and age of the child (z-score= (value−mean)/s.d.).24

Additionally, SBP and DBP were converted into age-, sex- and height-specific
z-scores by using formulas suggested by the NHBPEP working group, and an
adolescent with a SBP or DBP greater than or equal to the referent age-, sex-
and height-specific 95th percentile was identified as having elevated blood
pressure (EBP).14

Rigid quality-control measures were enforced in this survey. All
measurement instruments, including the stadiometer, scale, dynamometer
and sphygmomanometer, were calibrated before use. All of the technicians
were required to pass a standard measurement test after a rigorous 1-week
training course, and the measurements were conducted by the same team of
technicians in each region.

Statistical analyses
Descriptive results are expressed as the mean (s.d.) for continuous variables and
percentage for categorical variables. Analysis of variance was used to compare
the grip strength among various BMI groups. To assess the association between
BP, grip strength and BMI, fractional polynomial regression models were used
to fit the potential linear or non-linear relationship after adjusting for province
and urban/rural area. This model was also applied to show the relationship
between BP and grip strength after stratification by BMI. In addition,
multivariable logistic models were set up to assess the odds ratios (ORs) and
95% confidence intervals (CIs) for EBP among adolescents with different BMI
strata. The basic model involved province and urban–rural area as the
covariates, and then CRF (distance run z-score) and BMI z-score were further
adjusted to assess the change of these estimates. A P-value o0.05 was
considered statistically significant. All analyses were performed with the Stata
14 software (College Station, TX, USA).

RESULTS

The descriptive characteristics of participants are presented in Table 1
by sex. In the overall sample, 13.6% of boys and 7.5% of girls were
classified as overweight or obese, and the prevalence of EBP was 6.2%
and 3.4% in boys and girls, respectively. Table 2 shows the distribution
of handgrip and grip strength. Although increased BMI was associated
with greater handgrip, adolescents with increased BMI were related to
decreased grip strength across all age and sex categories. In addition,
grip strength ranged from 0.59 to 0.70 (kg of handgrip per kg of body

Table 1 Characteristics of Chinese boys and girls aged 13–17 years

in 2010

Variables Boys (n=44 240) Girls (n=44 625)

Age, years 15.0 (1.4) 15.0 (1.4)

Height, cm 167.2 (8.4) 158.1 (5.9)

Weight, kg 56.1 (11.8) 49.5 (8.0)

BMI, kg m−2 19.9 (3.2) 19.8 (2.7)

BMI group, %
Thinness 13.8 16.5

Normal weight 72.6 76.1

Overweight 11.0 6.8

Obesity 2.6 0.7

Handgrip, kg 36.4 (8.8) 24.4 (5.0)

CRF (distance run), s 274.4 (39.6) 261.7 (33.3)

SBP, mm Hg 111.2 (11.6) 105.1 (10.6)

DBP, mm Hg 68.0 (9.6) 66.1 (8.8)

EBP, % 6.2 3.4

Urban area, % 50.0 50.0

Abbreviations: BMI, body mass index; CRF, cardiorespiratory fitness; DBP, diastolic blood
pressure; EBP, elevated blood pressure; SBP, systolic blood pressure.
Values were means (s.d.s.) or percentages.
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weight) in boys and was approximately 0.50 in girls ranging from 13 to
17 years of age.
The association between BP, BMI and grip strength in all

participants are presented in Figure 1 by sex. An increased grip
strength z-score was associated with decreased SBP and relatively
stable DBP levels after adjustment for province and urban/rural area
(Figures 1a and b). In addition, BMI was associated with both BP and
grip strength. Adolescents with increased BMI were associated with
enhanced BP levels (Figures 1c and d) but decreased grip strength
(Figure 1) in both sexes.
The association between grip strength and BP was further

investigated over different BMI levels (Figure 2). A comparison
between Figures 2 and 1a,b showed that BMI stratification reversed
the observed association from negative to positive, and strong grip
strength was associated with increased BP levels after stratification by
BMI. A similar pattern was also found for both SBP and DBP across
all BMI categories, although the trend in girls had a weaker amplitude
than that in boys.
The ORs of grip strength for EBP are presented in Table 3.

Mirroring the association between BP levels and grip strength, EBP
was negatively associated with grip strength before stratification
by BMI group but positively associated with grip strength after
stratification in the basic model. Among boys with various BMI levels,
a one s.d. increase in grip strength was related to a higher risk in EBP,
ranging from 18% (95% CI: 12–25) to 37% (95% CI: 19–59).
Although the magnitudes of the ORs in girls were less than those in
boys, a significant relationship was manifested in thin girls. The
additional adjustment for CRF led to a minor change in these ORs.
Nevertheless, further adjusting for BMI reversed the association
between EBP and grip strength in the total sample without classifying
BMI, with ORs of 1.31 (95% CI: 1.24–1.37) in boys and 1.17 (95% CI:
1.10–1.24) in girls. Among adolescents with various BMI levels,
additional adjustment for BMI resulted in an increase in ORs for
EBP, especially in boys. The analyses were repeated with handgrip

rather than grip strength (handgrip/body weight) and similar results
were observed (data not shown).

DISCUSSION

In this study of 88 865 adolescents, increased BMI was related to high
BP and low grip strength. Though strong grip strength was associated
with low BP levels in the overall sample, a converse relationship was
found when BMI was considered. The shift in this relationship before
and after stratifying by, or adjusting for, BMI may be attributed to the
lower grip strength in adolescents with a higher BMI. These findings
suggest an impact of BMI on the association between BP and
grip strength and provide new evidence on the appropriateness of
muscle-strengthening exercises in strategies aimed to improve the
adolescent BP profile.
Emerging evidence has demonstrated the importance of muscular

fitness.7,8 Recent meta-analyses of randomized controlled trials have
reported that muscle-strengthening activities may reduce BP by
3–4 mmHg in adults.25 Age-related sarcopenia was supposed to be
the plausible reason.26 However, while BP increases during childhood
and remains relatively stable during adulthood,27 muscle strength
grows in young age and declines with advanced age.28 Therefore, the
association between BP and muscle strength in adults may be
distinguished from that in children. Scarce studies have expressed
concern over the influence of muscle strength on adolescent
hypertension risk; however, the relationship has remained
inconclusive.9,11,22 Although studies have shown that grip strength
was inversely associated with BP,22 some researchers have suggested
that the protective effect of muscle strength on BP profile was
mediated by adiposity. When the influence of BMI was eliminated,
grip strength was not related to BP.11 Another study conducted in
Colombian children with a small sample size presented the inverse
association between grip strength and BP in children with adiposity
but not in those who were in the normal body fat group.9

Table 2 Distribution of handgrip and grip strength across the BMI groups in Chinese boys and girls aged 13–17 years in 2010

Handgrip, kg Grip strength

BMI groups BMI groups

Age, years N Total sample Thinness Normal weight Overweight Obesity Total sample Thinness Normal weight Overweight Obesity

Boys
13 8639 28.3 (7.3) 22.1 (5.2) 28.4 (6.8) 31.4 (7.5) 34.9 (7.2)a 0.59 (0.12) 0.62 (0.12) 0.60 (0.12) 0.49 (0.10) 0.43 (0.08)a

14 8837 33.4 (7.5) 27.5 (6.2) 33.5 (6.9) 36.9 (7.9) 40.1 (7.6)a 0.63 (0.13) 0.68 (0.13) 0.65 (0.12) 0.53 (0.10) 0.46 (0.08)a

15 8898 37.4 (7.5) 32.2 (6.5) 37.7 (7.0) 40.6 (7.5) 43.0 (8.1)a 0.67 (0.13) 0.72 (0.13) 0.68 (0.12) 0.56 (0.10) 0.48 (0.09)a

16 8960 40.4 (7.0) 35.8 (6.1) 40.8 (6.7) 43.4 (7.4) 45.5 (7.3)a 0.69 (0.13) 0.75 (0.12) 0.70 (0.12) 0.57 (0.10) 0.49 (0.08)a

17 8906 42.0 (7.1) 38.1 (6.0) 42.6 (6.9) 44.9 (7.5) 44.7 (7.4)a 0.70 (0.13) 0.76 (0.11) 0.71 (0.12) 0.58 (0.10) 0.48 (0.08)a

Total 44 240 36.4 (8.8) 32.0 (8.3) 36.7 (8.6) 38.7 (9.0) 41.1 (8.5)a 0.66 (0.13) 0.71 (0.13) 0.67 (0.12) 0.54 (0.11) 0.47 (0.08)a

Girls
13 8870 22.1 (4.6) 19.4 (4.0) 22.3 (4.4) 24.4 (4.9) 27.4 (4.9)a 0.49 (0.10) 0.53 (0.10) 0.49 (0.10) 0.40 (0.08) 0.36 (0.06)a

14 8948 23.5 (4.7) 21.4 (4.1) 23.6 (4.6) 25.5 (4.9) 27.5 (5.6)a 0.49 (0.10) 0.54 (0.10) 0.49 (0.10) 0.41 (0.08) 0.35 (0.07)a

15 8963 24.7 (4.8) 22.6 (4.3) 24.9 (4.8) 26.8 (5.2) 27.7 (5.7)a 0.50 (0.10) 0.55 (0.10) 0.50 (0.10) 0.41 (0.08) 0.34 (0.06)a

16 8929 25.5 (4.8) 23.8 (4.3) 25.8 (4.8) 27.3 (5.1) 28.2 (5.0)a 0.50 (0.10) 0.55 (0.09) 0.50 (0.09) 0.41 (0.08) 0.35 (0.06)a

17 8915 26.1 (5.1) 24.5 (4.9) 26.4 (5.0) 28.4 (5.3) 30.1 (6.0)a 0.51 (0.10) 0.55 (0.11) 0.51 (0.10) 0.43 (0.08) 0.37 (0.07)a

Total 44 625 24.4 (5.0) 22.4 (4.7) 24.6 (4.9) 26.2 (5.2) 27.9 (5.5)a 0.50 (0.10) 0.55 (0.10) 0.50 (0.10) 0.41 (0.08) 0.35 (0.06)a

Abbreviation: BMI, body mass index.
Values are means (s.d.s.).
Grip strength was calculated as handgrip (kg)/weight (kg).
aP-value o0.01 among the four BMI groups.
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However, grip strength was negatively associated with adiposity,
which was also reported in a study conducted in children.11 Therefore,
previous reports of enhanced BP associated with declined grip strength
could be due to the increased BP of adolescents with a high BMI.
Extending those studies, we provided a nuanced look at the relation-
ship between BP, grip strength and BMI and demonstrated that BMI
potentially biases the association between grip strength and BP. Across
all BMI levels, the present study revealed that grip strength was
positively associated with BP in adolescents, which was contrary to the
relationship before stratification by BMI. This association did not
change after controlling for CRF. A similar pattern was also observed
after adjusting for BMI, rather than stratifying by BMI. Furthermore,
the association between BP and handgrip was consistent with the
relationship between BP and grip strength when BMI was controlled,
indicating that the adjustment of body weight for handgrip would not
change our results. These findings suggest that strong muscle strength
is related to increased adolescent BP independent of CRF and BMI.
Because of the close relationship between muscle strength and

muscle-strengthening exercises,12 the effect of strength training on BP
could be helpful to elucidate the mechanisms linking grip strength
and BP. Although muscle-strengthening exercises partly share the
BP-lowering effects of aerobic exercise, such as reducing weight and

improving low-grade inflammation,29–31 previous studies have found
that resistance exercises in young subjects were also characterized by
decreasing arterial compliance and worsening aortic wave reflections,
which were in marked contrast to the favorable effect of aerobic
exercise.32,33 As a result, the potential adverse impact of muscle-
strengthening exercises on BP may significantly attenuate, and even
exceed, its beneficial influence. A recent review also found that the
reduction in BP after aerobic exercise training was twice the decline
observed from resistance training in adults with hypertension.34

However, the mechanism has still not been fully demonstrated, and
further study is warranted to clarify it.
Increasing evidence supports the positive impact of physical activity

on cardiovascular health.35–37 However, in contrast to the broad
consensus on aerobic exercise as an efficient approach to reduce BP
burden in children and adolescents,38 controversy still surrounds the
appropriateness of muscle-strengthening exercises for adolescent
hypertension. For example, researchers and pediatricians who choose
to rely upon The Fourth Report on the Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and Adolescents will
find that ‘resistance training is also helpful’ for the prevention of
hypertension. However, no explicit recommendation is provided by
that report.14 In contrast, the Position Stand of the American College
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Table 3 Association between elevated blood pressure and grip strength among different models in Chinese adolescents aged 13–17 years in

2010

ORs (95% CIs) of EBP associated with one s.d. variation in grip strength z-scorea

BMI groups N Basicb Basic+CRFc Basic+CRF+BMId

Boys
Thinness 6105 1.37 (1.19, 1.59)‡ 1.38 (1.19, 1.59)‡ 1.37 (1.18, 1.59)‡

Normal weight 32 112 1.18 (1.12, 1.25)‡ 1.18 (1.11, 1.25)‡ 1.29 (1.22, 1.37)‡

Overweight 4886 1.22 (1.09, 1.36)‡ 1.22 (1.09, 1.36)‡ 1.32 (1.17, 1.49)‡

Obesity 1137 1.21 (0.99, 1.49) 1.24 (1.00, 1.52)† 1.39 (1.11, 1.74)‡

BMI groups combined 44 240 0.89 (0.85, 0.93)‡ 0.91 (0.87, 0.95)‡ 1.31 (1.24, 1.37)‡

Girls
Thinness 7348 1.46 (1.23, 1.73)‡ 1.47 (1.23, 1.75)‡ 1.51 (1.26, 1.80)‡

Normal weight 33 956 1.01 (0.94, 1.08) 1.00 (0.94, 1.08) 1.10 (1.03, 1.19)‡

Overweight 3014 1.10 (0.93, 1.30) 1.12 (0.95, 1.33) 1.19 (1.00, 1.42)

Obesity 307 1.21 (0.75, 1.96) 1.24 (0.76, 2.02) 1.32 (0.80, 2.20)

BMI groups combined 44 625 0.88 (0.84, 0.93)‡ 0.90 (0.85, 0.95)‡ 1.17 (1.10, 1.24)‡

Abbreviations: BMI, body mass index; CI, confidence interval; CRF, cardiorespiratory fitness; EBP, elevated blood pressure; OR, odds ratio.
†P-value o0.05; ‡P-value o0.01.
aGrip strength was calculated as handgrip (kg)/weight (kg), and its z-score was estimated based on age- and sex-specific means and s.d.s.
bBasic model was adjusted for province and urban/rural area.
cFurther adjusted for an age- and sex-specific distance run z-score.
dFurther adjusted for an age- and sex-specific BMI z-score.
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of Sports Medicine does not support resistance training as a
non-pharmacological intervention for reducing BP in children and
adolescents.15 Moreover, The 2015 Canadian Hypertension Education
Program Recommendations for Blood Pressure Measurement,
Diagnosis, Assessment of Risk, Prevention, and Treatment of
Hypertension only notes that the use of resistance training does not
adversely influence BP with a weak strength of evidence (Grade D),17

and the guideline developed by European Society of Hypertension
does not make any specific recommendations regarding resistance
training.16 Our findings are in accordance with the observations
suggesting an unfavorable relationship between muscle strength and
BP32,33,39 and raise caution regarding whether strength training is an
appropriate approach to reduce the high BP burden in adolescents.
The primary limitation of this study was that only association,

rather than causality, can be inferred. Longitudinal data and clinical
trial are needed to clarify the relationship between muscle strength and
BP. Second, although grip strength is readily employed in several
studies and has been shown to be highly correlated with total muscle
strength in adolescents,6,21 it is not necessarily effective for assessing
the strength change with resistance training interventions. In the
present study, BMI was used as the indicator of adiposity, and distance
run was applied as a measurement of CRF. A measurement of body
composition (such as body fat percentage) and VO2max are warranted
to clarify our results. Moreover, information regarding participants’
daily involvement in muscle-strengthening exercises was unavailable
and would be desirable in a future study. Finally, as only subjects of
Han nationality were selected in this study, our findings may not be
generalizable to other populations.

CONCLUSION

To date, few studies have focused on the relationship between muscle
strength and specific health outcomes in children and adolescents,
obscuring relevant interventions and treatments.40 Our findings
suggested that strong muscle strength was associated with increased
adolescent BP levels independent of BMI and CRF. This study also
highlights current knowledge gaps pertaining to one of the oldest
scientific questions: what kind of exercise is optimal for health? The
answer remains unclear.
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