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Grip strength is lower in adults born with extremely low birth
weight compared to term-born controls
Katherine M. Morrison1,2, Elizabeth Gunn1,2, Sasha Guay1, Joyce Obeid1,2, Louis A. Schmidt3 and Saroj Saigal1

BACKGROUND: Grip strength predicts long-term morbidity and mortality in adults. We compared grip strength in adults born with
extremely low birth weight (ELBW; under 1 kg) and a normal birth weight control group (NBW) and describe change in grip strength
over a 10-year period in a longitudinal cohort study of preterm birth.
METHODS: Grip strength, body composition, and device-measured physical activity were assessed in 95 mature adults (MA) born
ELBW (age 31.6 (1.6) mean (SD) years, 59 females) and 88 born NBW (age 31.9 (1.4) years, 52 females). Regression models were used
to examine the effect of perinatal factors, body composition, physical activity, and physical self-efficacy on grip strength.
RESULTS: Grip strength was lower in MA born ELBW compared to NBW (31.8 (10.0) vs. 39.8 (11.2) kg; p < 0.001). Birth weight group
was associated with grip strength independent of sex, height, and lean mass index, but device-measured physical activity was not.
The change in grip strength from mid-20s to MA was similar in ELBW and NBW participants.
DISCUSSION: Grip strength in MA born ELBW is low and is similar to a reference group 25–30 years older, suggesting higher risk for
cardiovascular and all-cause mortality.
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IMPACT:

● Adults born extremely preterm have reduced grip strength compared to control participants born at full term.
● Reduced grip strength is a predictor of frailty and increased cardiovascular disease risk.
● Change in grip strength from age in mid-20s to mid-30s is similar in those born preterm and full-term-born controls.
● Grip strength is related to lean mass and not to device-measured physical activity—and correlates of grip strength are similar in

those born preterm and term-born controls.
● Grip strength is a simple measure that may provide information about the health of adults born preterm.

INTRODUCTION
Adults born with extreme prematurity have a higher risk of having
adverse cardiometabolic health. In multiple cohort studies,
hypertension,1 insulin resistance,2 and dysglycemia3 are more
prevalent in adults born with prematurity and extremely low or
very low birth weight (ELBW—birth weight under 1000 g and
VLBW—birth weight under 1500 g, respectively) compared to
term-born controls. While the underlying mechanisms explaining
these findings are not fully understood, these individuals also
have lower lean mass and higher body fat percentage than the
control population,3 which may contribute to the aforementioned
cardiometabolic disturbances.
Greater attention is being paid to the relationship between

muscular mass, function, and adult health, particularly in the
elderly. Sarcopenia is an age-related condition of generalized,
progressive loss of skeletal muscle mass and strength.4 Adults with
sarcopenia have greater challenges with mobility, poorer health-
related quality of life and higher risk of premature mortality. In
cross-sectional studies, muscle mass is highest in men and women
in the third decade of life and then declines.5 In older adults,
physical activity interventions can slow this decline in muscle

mass.6 A key feature of sarcopenia is low muscle strength. Grip
strength is recognized as a simple measure of muscle strength
that has been relatively widely studied in adults.4 Grip strength
peaks in early adult life, remains relatively stable through mid-life
and then declines.7 In a large, multinational study, reduced grip
strength predicted all-cause and cardiovascular-specific mortality
in adults.8 Given the findings of lower lean mass and poorer
cardiometabolic health indicators in adults born extremely
preterm, we were interested in evaluating grip strength in adults
born ELBW.
The McMaster ELBW cohort, comprised of people born between

1978 and 1982, is one of the oldest known cohorts of survivors of
extreme prematurity. The cohort is comprised of people with birth
weight under 1000 g and age and sex-matched normal birth
weight (NBW) controls. Periodic assessments of this cohort have
contributed substantially to our understanding of the implications
of extreme preterm birth.9 As part of the evaluation of this cohort
when seen in their early 30s, very close to the predicted peak of
lean mass accretion and grip strength, we sought to determine if
grip strength differed in those born ELBW compared to control.
Furthermore, we sought to determine if early life exposures, adult
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body composition, and device-measured physical activity were
related to grip strength in both groups.

METHODS
Participants
The McMaster longitudinal cohort is a population-based study of
individuals recruited from a geographically defined region of
central-west Ontario, Canada from 1977 to 1982. The participants
born ELBW have been followed since birth and health outcomes
have been reported at multiple time points from childhood to
young adulthood (22–26 years) and, most recently, in their early
30s.3 The age-, gender- and socioeconomic status (SES)-matched
NBW group was identified at 8 years of age and they have since
been followed at the same time points as the ELBW group.

Ethics
The study was approved by the joint Research Ethics Board of
McMaster University and Hamilton Health Sciences. Participants
provided informed, signed consent.

Mature adult—visits and measurement
Data collection for the mature adult (MA) visit occurred at a single
study visit when the participants were 29–36 years of age. The visit
was scheduled in the morning, after an 8–12 h fast (water was
permitted). Subsequent to an oral glucose tolerance test, the
participants were offered breakfast. Grip strength was measured
following a standardized protocol using a Jamar Hand Dynam-
ometer (Model 5030J1, Bolingbrook, IL, USA). While standing,
participants were instructed to hold the dynamometer in their
dominant hand with the arm extended at the elbow and to
squeeze the dynamometer with as much force as possible,
sustaining the pressure for a count of three. The assessment was
repeated twice more with a rest of at least 30 s between measures.
Grip strength measurement was then repeated using the same
protocol on the nondominant hand. Using the standardized
protocol of Leong et al.,8 our primary measure of grip strength was
defined as “combined grip strength” and was calculated from the
mean of the maximum values of the nondominant and dominant
hand grip strength. If only one hand was measured, the maximum
value of that hand was used as the measure of overall grip
strength. No participants were missing dominant hand measures,
two were missing measurement from the nondominant hand. In
addition, in order to compare our cohort with published
normative values,7 we utilized the approach suggested by Roberts
et al.,10 and defined absolute grip strength as maximum of all
values measured (dominant and nondominant).
At the end of the study visit, the study participants were fitted

with an Actigraph GTIM (n= 34) or GT3X+ (n= 54) accelerometer
to measure device-measured physical activity and sedentary time.
Each participant was also given a diary for tracking physical
activities, wear time, and sleep. Participants were asked to wear
the monitor on their hip for 7 consecutive days, during waking
hours, except during water activities (e.g. swimming or shower-
ing). Data were collected in 60-s sampling intervals or epochs.
Accelerometer cut points developed by Freedson et al.11 for adults
were applied to define average daily time spent sedentary and in
light, moderate, and vigorous physical activity. Data were
considered valid and included in the analyses if individuals wore
the monitor for ≥3 days with ≥10 h per day.12 All those with valid
data were included. Self-reported physical activity was also
assessed using the International Physical Activity Questionnaire
(IPAQ).13

Anthropometric measures and questionnaire data were col-
lected as previously described.14 Briefly, standing height, mea-
sured using a Harpenden Stadiometer (London, UK), and weight
were measured three times and averaged, and BMI (kg/m2) was
calculated. Waist circumference (WC) was measured to the nearest

0.1 cm over an unclothed abdomen at the smallest diameter
between the costal margin and the iliac crest. Body composition
was assessed using dual energy X-ray absorptiometry on a GE
Lunar Prodigy Advance (Model #8743) scanner. Total lean mass
(kg) for each participant was adjusted for current adult height by
calculating the lean mass index (LMI= total lean mass (kg)/height
(m2)) and body fat was presented as total body fat %. BP was
measured with the participant seated, using the right arm with an
appropriately sized cuff and the BpTRU (Coquitlam, BC, Canada)
device. BpTRU is an automated device that takes five serial blood
pressure measurements—the average of these measures was
utilized. Participants completed questionnaires related to demo-
graphic characteristics (education, marital status and income, SES),
personal health history including medication use and family
history of diabetes and cardiovascular disease. Study personnel
were unaware of group assignment prior to completion of the
study visit.

Measures collected at earlier study visits
To evaluate earlier life factors that might influence grip strength in
the fourth decade of life, and to better understand the trajectory
of this health measure, we utilized data collected from previous
study visits. Birth weight, gestational age (weeks), birth weight for
gestational age, presence or absence of neurosensory impairment,
maternal smoking during pregnancy and maternal steroid
exposure during pregnancy were available. NBW were known to
be born at full term. Select data from the YA visit (22–26 years of
age) were included in the current analyses. These measures
include grip strength in cohort participants with no neurosensory
impairment, assessed as described above.15 Physical self-efficacy
and the subscale perceived physical ability were assessed at the
YA visit using the validated questionnaire developed by Ryckman
et al.16

Statistical analysis
Statistical analyses were conducted using SPSS versions 25 and 26
(IBM SPSS Statistics, IBM Corporation, Armonk, NY). To address our
primary question related to differences in grip strength between
the ELBW and NBW groups (overall and gender specific),
independent t tests were used. Grip strength comparisons were
completed including and excluding those with neurosensory
impairments. A two-way repeated measures ANOVA was per-
formed for comparison of grip strength overtime (group: ELBW/
NBW) by time (YA/MA). Device-measured physical activity (includ-
ing minutes of sedentary time, light, moderate and vigorous
physical activity, and total counts) was compared between the
ELBW and NBW groups who had valid physical activity data.
Univariate regression analysis was used to analyze the

contribution of predictors of grip strength. Predictors examined
included birth weight group, birth weight (g), gestational age,
maternal corticosteroid exposure, gender, neurosensory impair-
ment at birth, height, BMI, WC, total percent body fat, LMI,
moderate-to-vigorous physical activity (MVPA), and total activity
counts. To evaluate the predictors of change in grip strength from
YA to MA, grip strength and total physical self-efficacy at YA were
also examined. Multiple regression was used to determine the
influence of variables significant in the univariate analysis on grip
strength. The z-distribution scores for skewness and kurtosis using
a conservative alpha level of p= 0.001 were used to assess
normality of the scores for each of the variables prior to the
regression analyses;17 LMI was the only variable that was not
normally distributed; however, transformation was not done given
that it was used as a covariate and not an outcome variable.
Multicollinearity was evaluated and where present, the measure
with the closest relation in univariate analysis was included in the
multivariate model. An α of p ≤ 0.05 was considered statistically
significant. Variable descriptives for normally distributed data are
presented as mean (SD).
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RESULTS
Study participants
One hundred of the surviving 148 (67.6%) ELBW participants and
89 (66.9%) of the 133 NBW participants recruited at age 8 years
and seen at YA participated in this assessment. Completion of
questionnaires, grip strength measures, and the availability of
valid physical activity data are presented in Fig. 1. Those who
attended the MA visit were generally similar to those who did not
with the exception that the ELBW that attended the visit had a
higher likelihood of being born small for gestational age than
those who did not attend (Supplementary Table 1). A total of 27
participants at the most recent visit had a neurosensory
impairment including 26 participants in the ELBW group (visual
impairment, n= 12; cerebral palsy, n= 10; intellectual develop-
ment disorder, n= 2; and other, n= 2) and one participant from
the NBW group with unilateral deafness.

Clinical outcomes—mature adult visit
The characteristics of the study participants who attended the MA
visit are presented in Table 1. When seen at the MA visit (age
range 29–36 years), both male and female ELBW participants had
lower height (p < 0.001) than the NBW group. The body weight for
females was similar between the groups, but males with ELBW
and the overall ELBW group weighed less than those born NBW.
BMI and WC were similar between groups in both males and
females. Male and female ELBW participants had higher total body
fat percentage (p= 0.004) and males had lower lean mass (p=
0.003) than the male NBW participants.

Handgrip strength
Handgrip strength, measured either as combined grip strength of
the dominant and nondominant hands or as the absolute
maximum from three repeated efforts with each hand, was lower
in male and female ELBW compared to NBW (see Fig. 2). The
published normative mean (SD) values for absolute grip strength
for males at 30 years of age is 51.6 (9.6) kg and for females is 31.4

(6.0) kg.7 While the NBW participants had similar mean grip
strength (male 53.5 (8.0) kg and female 33.5 (5.2) kg), the mean
values in both male and female ELBW participants were well
below the normative values (male 43.1 (8.6) and female 27.5 (5.4)).
Thus, the mean grip strength of ELBW males was similar to a 65-
year-old male in the reference population and grip strength for
ELBW females corresponded to a 55–60-year-old female in the
reference population. As grip strength is related to height and the
ELBW participants were shorter than the NBW participants, we also
expressed the combined grip strength for height and had similar
findings (ELBW 19.2 (5.2) vs. NBW 23.0 (5.3); p < 0.001). These
results are consistent with our previously published findings for
this cohort at the YA visit approximately 10 years earlier.15 An
important distinction between the studies is that individuals with
neurosensory impairments did not have grip strength measured at
the YA visit. At MA, the subset of ELBW participants with
neurosensory impairments did have lower grip strength than
those without (28.0 (8.3) vs. 33.2 (10.2); p= 0.023), but when
comparing ELBW and NBW adults without neurosensory impair-
ments, lower grip strength was still noted in the ELBW group (33.2
(10.2) vs. 39.9 (11.2); p < 0.001).
Grip strength was measured at both the YA and MA visits for a

subset of participants with no neurosensory impairments. As
shown in Fig. 2, grip strength increased from YA to MA in both
birth weight groups. Importantly, the rate of change of grip
strength over this time period was similar in the ELBW and NBW
groups.

Device-measured physical activity
A subset of participants who had grip strength measured at the
MA visit also wore an accelerometer (n= 58 ELBW and n= 52
NBW) and 49 ELBW participants and 39 NBW participants had valid
data based on wear time (Table 2). No group differences in total
activity counts or in time spent sedentary or in light, moderate, or
vigorous physical activity were identified. Similarly, no differences
were found when we included the physical activity data from all

Mature adult:
cardiometabolic

n = 189

Questionnaires
only
n = 5

Questionnaires
only
n = 1

ELBW
n = 100

ELBW
n = 95

Grip strength
n = 95

Valid
accelerometer

n = 49

Grip strength
n = 88

Valid
accelerometer

n = 39

NBW
n = 88

NBW
n = 89

Fig. 1 Outline of Study Flow. Illustrates the number of study participants that completed each stage of the study.
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participants irrespective of whether or not they had valid physical
activity measures based on wear time. ELBW participants self-
reported similar physical activity compared to the NBW group.

Correlates of combined grip strength
We sought to understand if early life factors and/or current activity
behaviors might be related to grip strength and if these factors
differed in those born ELBW compared to NBW. In univariate
analysis, birth weight group, gestational age, birth weight, sex,
and current anthropometric characteristics (height, waist circum-
ference, body fat percentage, and lean mass index) were related
to grip strength in both the ELBW and NBW groups (Table 3).
Physical activity measures (MVPA and average daily activity
counts) were also related to grip strength in univariate analysis.
Due to problems of multicollinearity, (1) birth weight group and
gestational age, (2) body fat percentage, WC, and LMI, and (3)
MVPA and total activity counts could not be in the same model.
Thus, we selected the variable with the strongest relation to grip
strength, from each of these groups, which were: (1) birth weight
group, (2) LMI, and (3) MVPA. These were entered, together with
participant sex and height, in the final multivariate models shown
in Table 3. Birth weight group was related to grip strength
independent of sex, height, and LMI and together these variables
explained 81.5% of the variation in grip strength. In the subset
with valid device-measured physical activity, the relationship of
physical activity to grip strength was not significant when birth
weight group, sex, and LMI were included in the model. It is
conceivable that LMI mediates the relationship between physical
activity and grip strength, but as physical activity was only weakly
related to LMI in univariate analysis (r= 0.136; p= 0.084), LMI is
clearly influenced by factors beyond current physical activity.
To examine potential early life predictors relevant only to the

ELBW group, we also conducted univariate and multivariate
analyses in the ELBW group alone. In univariate analysis, early life
exposures including birth weight, gestational age, maternal
corticosteroid exposure, and the presence of a neurosensory
impairment were related to grip strength in the fourth decade of
life. In the multivariate model, only sex, height, and the presence
of a neurosensory impairment independently predicted grip

strength. The overall model was significant, explaining 70% of
the variance in grip strength in ELBW participants (R2 adjusted=
0.706, p < 0.001).
As described earlier, grip strength, physical self-efficacy, and

perceived physical ability were assessed at the YA visit in study
participants with no known neurosensory impairments. We were
interested to know if these measures predicted grip strength 8–10
years later (see Table 4). Grip strength in the fourth decade was
tightly correlated with grip strength in young adulthood (r= 0.92;
p < 0.001). Interestingly, total physical self-efficacy scores and
perceived physical ability were both directly related to grip
strength a decade later in both males and females. However, they
were no longer significant when examined in the multivariate
model including birth weight group, sex, height, and LMI (Table 4).

DISCUSSION
In this longitudinal cohort study, we have demonstrated that
adults born ELBW have lower muscular fitness, measured as
handgrip strength, compared to NBW controls. Further, although
the association was attenuated when height, lean mass, and
device-measured physical activity were included in the model, it is
still present and significant. We had shown a similar difference at
young adulthood among study participants without evidence of a
neurosensory impairment, and now demonstrate that the change
in grip strength from young adulthood to mature adulthood is not
different in those born ELBW compared to those born NBW.

Handgrip strength
Reduced handgrip strength is a prognostic marker of both all-
cause and cardiovascular mortality in adults.8,18 In a large,
multinational study, grip strength had strong predictive value
for all-cause mortality (hazard ratio (HR) 1.37, 95%CI 1.28–1.47; p <
0.0001) and cardiovascular mortality (HR 1.45, 95%CI 1.30–1.63;
p < 0.0001) per SD lower grip strength. In this study, these HRs
exceeded or were comparable to the well-known cardiovascular
risk factor, systolic blood pressure.8 On average, grip strength in
our cohort was 9.8 kg (19.2%) lower in the adult males born ELBW
compared to NBW and the adult females born ELBW had 6 kg

Table 1. Participant characteristics of ELBW and NBW participants who completed grip strength assessment at current visit.

Characteristic Male Female All

ELBW
(n= 36)

NBW
(n= 36)

p ELBW
(n= 59)

NBW
(n= 52)

p ELBW
(n= 95)

NBW
(n= 88)

p

Age 31.4 ± 1.63 31.9 ± 1.38 0.164 31.8 ± 1.65 31.9 ± 1.45 0.508 31.6 ± 1.64 31.9 ± 1.41 0.173

Birth weight (g) 840.4 ±
120.49

3485.3 ±
424.61

<0.001* 821.8 ±
137.57

3321.1 ±
448.48

<0.001* 828.8 ±
131.02

3388.3 ±
443.89

<0.001*

Gestational age (weeks) 27.0 ± 2.69 40.0 ± 0 <0.001* 27.2 ± 2.32 40.0 ± 0 <0.001* 27.2 ± 2.46 40.0 ± 0 <0.001*

Small for gestational age (SGA) 8 (22) 0 <0.001* 21 (36) 0 <0.001* 29 (31) 0 <0.001*

Maternal smoking 5 (14) NA — 12 (20) NA — 17 (18) NA —

Maternal steroid exposure 17 (47) NA — 26 (44) NA — 43 (45) NA —

Neurosensory impairment
at birth

10 (28) 0 (0) 0.001* 16 (27) 1 (1) <0.001* 26 (27) 1 (1) <0.001*

Height (m) 1.7 ± 0.10 1.8 ± 0.08 <0.001* 1.6 ± 0.07 1.6 ± 0.07 <0.001* 1.6 ± 0.10 1.7 ± 0.11 <0.001*

Weight (kg) 77.4 ± 14.37 86.3 ± 15.44 0.013* 68.5 ± 16.99 71.4 ± 17.70 0.389 71.9 ± 16.54 77.5 ± 18.28 0.031*

BMI (kg/m2) 26.3 ± 5.11 26.6 ± 4.34 0.753 27.3 ± 7.11 26.4 ± 5.57 0.466 26.9 ± 6.41 26.5 ± 5.08 0.628

Waist circumference (cm) 91.5 ± 12.21 90.1 ± 12.13 0.622 82.2 ± 14.95 80.9 ± 13.28 0.632 85.7 ± 14.64 84.6 ± 13.55 0.611

Body fat (%) 28.4 ± 9.39 23.1 ± 9.02 0.020* 39.8 ± 9.29 36.4 ± 7.54 0.049* 35.5 ± 10.81 30.8 ± 10.49 0.004*

LMI (kg/m2) 17.3 ± 2.11 18.6 ± 1.77 0.003* 14.9 ± 2.10 15.2 ± 1.62 0.452 15.8 ± 2.40 16.7 ± 2.43 0.018*

Unless otherwise indicated, data are presented as n (%) or mean ± SD.
*Denotes significant difference between ELBW and NBW groups.
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(18.8%) lower grip strength compared to NBW. Based on the
Leong paper, this would correspond to an approximately 40%
higher risk for all-cause mortality.
Low birth weight has been consistently associated with reduced

grip strength across the lifecourse as previously reviewed.19 In the
meta-analysis including all age groups from childhood to older
adults, grip strength was 0.86 kg lower per kg lower birth weight.
In our study, the grip strength difference between ELBW and NBW
appears to be much greater per kg birth weight (3.76 kg per kg
birth weight for males and 2.4 kg per kg birth weight for females).
Although most of the studies in the meta-analysis evaluated
individuals born full term, one study compared adolescents born
extremely preterm to those born full term with comparable
findings to the current study.20 In the ESTER study, YA born early
preterm, but not those born late preterm, had lower grip strength
compared to control.21 Thus, grip strength appears to be
consistently lower in adults born early preterm compared to
controls.
We examined the longitudinal change in grip strength between

the YA and MA visits of our cohort, which corresponds to a time

leading up to peak muscle strength. We found no difference in the
change in grip strength from YA to MA in those born ELBW
compared to NBW. This finding suggests that early-life exposures
contribute to muscle strength differences identifiable by early
adulthood in those born preterm. Further, our findings also
suggest that adults born preterm do not get further behind in
muscle strength as they move from the third to the fourth decade
of life. Further follow-up of this, and other cohorts will enable the
understanding of the influence of subsequent aging on grip
strength in those born preterm.
The early life factors that influence grip strength in adulthood in

those born preterm are understudied. As adults born ELBW are
consistently shorter than controls and height is a known predictor
of adult grip strength, it is important to include height as a
confounder in examining these factors. Lower lean mass is a key
predictor of grip strength and it is known that infants born with
extreme prematurity have lower lean mass during infancy22 and
beyond. Furthermore, self-reported23,24 and device-measured
physical activity25 have been previously associated with grip
strength in adults and several studies have suggested that adults
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Fig. 2 Grip strength at MA and YA. a, b Absolute and combined max grip strength in ELBW (n= 95) and NBW (n= 88) at MA, *p < 0.001.
c, d Absolute and combined max grip strength for height in YA and MA ELBW (n= 65) and NBW (n= 80), data presented as mean (SD), *p <
0.001 between groups and sexes, †p < 0.001 between visit dates. ELBW extremely low birth weight, NBW normal birth weight, YA young adult,
MA mature adult.
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born preterm self-report less physical activity.26 Thus, we were
interested in determining whether or not these variables could
explain the group-based differences in grip strength that we
observed. Birth weight group remained a significant predictor of
grip strength, independent of device-measured physical activity
and lean mass index. Thus, although lean mass index is lower in
adults born with ELBW compared to controls and is a significant
predictor of grip strength, it does not fully account for the birth
weight group differences in grip strength we have identified. No
group differences in device-measured physical activity were

apparent in our cohort, consistent with findings of device-
measured physical activity in several other studies of youth27,28

and adults29 born preterm. Furthermore, physical activity was not
related to grip strength in the multivariate model. Thus, birth
weight group was a contributor to differences in grip strength in
adulthood independent of the covariate height and the potential
mediators lean mass index and physical activity.
In a large, family-based analysis evaluating the relationship of

birth weight to grip strength in males born near term, the factors
contributing to grip strength were primarily those not shared by
siblings.30 The authors suggested, therefore, that in utero nutrition
may be a key contributor given that the last trimester of
pregnancy is critical for muscle fiber development. As the infants
born ELBW experience very significant health and nutrition issues
during this period of muscle fiber development as a result of their
preterm birth, it is conceivable that this may be an important
contributor to the deficit in grip strength noted in adulthood.
Further research examining nutrition directly would be necessary
to better examine this.
We were interested in examining the relationship to grip

strength of other early-life exposures specific to infants born
ELBW. We evaluated birth weight, gestational age, maternal
exposure to corticosteroids, and the presence of a neurosensory
impairment. The presence of a neurosensory impairment and
gestational age (p= 0.063) were weakly related to grip strength
independent of height and sex. In contrast to previous research in
which exposure to antenatal corticosteroids was associated with
higher aerobic fitness in 14-year-old boys born preterm,31 and to
animal-based studies in which antenatal corticosteroid exposure
had a detrimental influence on skeletal muscle development,32 we
identified no relationship to grip strength in this study.
Age is a well-described determinant of muscle strength, with

lifecourse analyses suggesting that peak muscle strength occurs
early in the fourth decade followed by an annual decline in grip
strength of 0.5–1%.33 This decline is partially related to declining
muscle mass with aging, but other related factors have also been
identified including ethnicity34 and BMI.35 This is, to our knowl-
edge, the first longitudinal study of grip strength in adults born
preterm. ELBW and NBW groups had similar increases in grip
strength between the YA and MA visits. Further, in univariate
analyses, we found that total physical self-efficacy and perceived
physical ability at YA is related to grip strength a decade later. The

Table 2. Device-measured and self-reported physical activity in ELBW
and NBW participants with a valid accelerometer.

ELBW NBW p

Device-measured PA n= 49 n= 39

Total wear
time (min)

840.2 ± 88.17 839.3 ± 79.67 0.959

Sedentary (min/
day)

589.1 ± 93.65 607.6 ± 81.64 0.333

Light (min/day) 209.8 ± 75.98 191.8 ± 66.51 0.248

Moderate (min/
day)

39.0 ± 23.37 35.4 ± 25.48 0.492

Vigorous (min/day) 2.5 ± 5.06 4.4 ± 9.73 0.239

MVPA (min/day) 41.6 ± 24.33 39.9 ± 29.16 0.767

Counts 277,973.3 ±
121,897.82

265,600.5 ±
147,686.29

0.668

Self-reported PA
(IPAQ-SF)

n= 48 n= 38

Sedentary (min/
day)

319.8 ± 249.98 294.8 ± 205.93 0.620

Light (min/day) 69.2 ± 67.09 65.3 ± 59.76 0.779

Moderate (min/
day)

69.2 ± 71.37 73.4 ± 69.49 0.782

Vigorous (min/day) 60.7 ± 68.39 45.9 ± 47.11 0.257

MVPA (min/day) 129.9 ± 109.88 119.3 ± 97.68 0.642

Data are presented as mean ± SD.

Table 3. Univariate and multivariate regression examining predictors of MA combined grip strength (kg) in all participants and in those with valid
accelerometer data.

Predictor All participants (n= 172) Participants with valid accelerometer (n= 83)

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Standardized
parameter estimate

p Standardized
parameter estimate

p Standardized
parameter estimate

p Standardized
parameter estimate

p

Group −0.356 <0.001 −0.159 <0.001 −0.333 0.002 −0.173 0.002

Birth weight 0.394 <0.001 0.384 <0.001

Gestational age 0.356 <0.001 0.285 0.007

Sex (male) 0.753 <0.001 0.318 <0.001 0.767 <0.001 0.272 0.003

Height 0.777 <0.001 0.438 <0.001 0.781 <0.001 0.428 <0.001

WC 0.266 <0.001 0.322 0.002

% body fat −0.557 <0.001 −0.577 <0.001

LMI 0.644 <0.001 0.261 <0.001 0.661 <0.001 0.308 <0.001

MVPA — — 0.255 0.016 0.028 0.597

Activity counts — — 0.212 0.047

MODEL R2 adjusted, 0.813 <0.001 R2 adjusted, 0.799 <0.001
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key positive predictors of grip strength at MA were male sex, lean
mass for height, height, and grip strength at baseline. These
correlates were similar for both birth weight groups. It is likely that
the influence of physical self-efficacy and perceived physical
ability may have contributed to grip strength at baseline and to
lean mass accretion and thus do not appear as independent
predictors of grip strength at MA.
Although our study offers insights into grip strength, an

important predictor of long-term health, in adults born with
extreme prematurity, it is not without limitations. As in many
longitudinal follow-up studies, loss to follow-up has occurred and
this may contribute to some bias in our results. Furthermore, not
all participants had valid device-measured physical activity. There
have been many changes in NICU care since members of this
cohort were born; therefore, applicability to infants born today is
uncertain and the study of more modern cohorts will be
important. However, since grip strength is a well-established
predictor of morbidity and mortality, it is important to follow these
participants and other cohorts as they move into middle- and late-

middle age. Longitudinal investigation of muscle strength in
children born more recently will potentially lead to improved
understanding of factors influencing the development of muscle
strength during childhood in those born preterm, which may
assist in better elucidating the underlying mechanisms and
ultimately lead to the design of interventions to target impair-
ments in muscle strength.36

CONCLUSIONS
Adults born ELBW have reduced grip strength compared to those
born NBW at term. This reduced grip strength may be an early
marker of increased frailty and all-cause mortality as ELBW adults
age. Based on findings from the PURE study, the combined grip
strength difference of 8 kg between ELBW and NBW suggests a
substantially increased risk of all-cause mortality. Further exam-
ination of the early-life factors related to lower muscle strength
and consideration of interventions that might target low muscle
strength in those born ELBW is warranted in future research.

Table 4. Univariate and multivariate regression examining predictors of MA combined grip strength (kg) in participants with grip strength measured
at YA and MA.

Predictor Univariate analysis All participants (no impairment)
(n= 137)
Multivariate analysis

ELBW participants (no impairment)
(n= 63)
Multivariate analysis

Standardized parameter
estimate

p Standardized parameter
estimate

p Standardized parameter
estimate

p

Group −0.297 <0.001 −0.067 0.085

Birth weight 0.338 <0.001

Gestational age 0.288 <0.001

Sex (male) 0.785 <0.001 0.304 <0.001 0.262 0.009

Height 0.790 <0.001 0.482 <0.001 0.527 <0.001

WC 0.300 <0.001

% body fat −0.561 <0.001

LMI 0.645 <0.001 0.262 <0.001 0.341 <0.001

YA Total physical self-
efficacy

0.312 <0.001 −0.011 0.875 0.044 0.729

YA Perceived physical
ability

0.371 <0.001 0.091 0.212 0.074 0.542

Model R2 adjusted, 0.844 <0.001 R2 adjusted, 0.787 <0.001

Predictor Univariate analysis All participants (no impairment)
(n= 134)
Multivariate analysis

ELBW participants (no impairment)
(n= 62)
Multivariate analysis

Standardized parameter
estimate

p Standardized parameter
estimate

p Standardized parameter
estimate

p

Group −0.297 <0.001 −0.020 0.509

Birth weight 0.338 <0.001

Gestational age 0.288 <0.001

Sex (male) 0.785 <0.001 0.159 0.001 0.107 0.118

Height 0.790 <0.001 0.279 <0.001 0.304 <0.001

WC 0.300 <0.001

% body fat −0.561 <0.001

LMI 0.645 <0.001 0.100 0.014 0.120 0.037

YA Total physical self-efficacy 0.312 <0.001 −0.029 0.614 −0.040 0.654

YA Perceived physical ability 0.371 <0.001 0.026 0.657 0.068 0.434

YA Combined grip
strength (kg)

0.920 <0.001 0.529 <0.001 0.586 <0.001

Model R2 adjusted, 0.907 <0.001 R2 adjusted, 0.907 <0.001
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