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ABSTRACT

Background: To assess the potential for increase of physical activity (PA) levels in children
from current levels, it is important to know historical levels. To bypass the problem that methods
to quantify PA accurately were only developed in the last few decades, we studied a
contemporary, “historical control”, the Old Order Amish (OOA), who subscribe to a non-
mechanized lifestyle much like that of farmers centuries ago. We compared PA levels in OOA
children age 8-19 yrs with those of nhon-Amish children living nearby in Maryland’s Eastern
Shore (ES). In addition, we determined to which extent PA levels statistically explained

differences in body composition.

Methods: We obtained anthropometric data in 270 OOA children and 229 ES children. PA was
measured by Actical accelerometers in 198 OOA, and by Actiwatch accelerometers in 43 OOA

and all ES.

Findings: Mean age was 12.6 + 2.9 yrs. OOA had lower mean body weight above CDC age-
and sex- specific medians (1.7 £ 8.5 kg vs. 9.6 £ 15.0 kg) and recorded more mean total activity
counts (338 + 97 vs. 227 + 67 x 10° counts/d), largely attributable to spending more time in
moderate or vigorous PA (MVPA) (106 + 54 vs. 53 + 32 min/d) (all p < 0.0001). Time spent in
MVPA was inversely correlated with BMI z-score (r = -0.24, p = 0.0006) and body weight above
CDC median (r = -0.29, p < 0.0001). OOA girls were less active than OOA boys but more active

than ES boys.
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Interpretation: OOA were less frequently overweight and spent twice as much time in MVPA. If
one assumes a unidirectional causality from PA to body composition, 2.5 kg of the excess body
weight in the ES was explained by their spending 53 min/d rather than 106 min/d in MVPA. The
study suggests the potential for appropriate environmental modifications to increase physical

activity in children.

Funding: NIH, CDC, American Diabetes Association.
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Recent public health statements from expert committees (1), national governments (2,
3), and the World Health Organization (4) include a call to promote greater physical activity
among children and adults. To assess the potential for increase of physical activity (PA) in
children from current levels, it is important to know historical levels. However, gathering such
information is very difficult because methods to quantify physical activity accurately were not
developed until the last decades. To bypass this problem, we studied children belonging to a
contemporary, “historical control”, the Old Order Amish (OOA), a conservative Christian sect
living in rural areas of Lancaster County, Pennsylvania. The OOA have maintained a virtually
unchanged lifestyle since their ancestors immigrated to the United States in the 18" century.
Amish society is guided by the Ordnung, rules that regulate many aspects of life to be
consistent with Amish values, which are religious devotion, family, and community cohesion.
Many modern technologies are banned, including electric power, telephones, self-powered farm
equipment, and personal automobiles. These voluntary constraints result in a non-mechanized
lifestyle not much different from that of farming Americans or Europeans a century or two ago.
This lifestyle affects the whole family as OOA children attend their own schools and are
frequently seen playing outside or engaged in physical chores.

The purpose of this study is to objectively measure and compare physical activity levels
and body composition in OOA children and a group of non-Amish children from Maryland’s
Eastern Shore (ES), a rural environment not far from Lancaster County having similar climate
and topography. In addition, we determine the correlation between physical activity and BMI-for-

age.
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METHODS
Study Populations

OOA children aged 8-19 years from Lancaster County, Pennsylvania were recruited for
the study between 2005-2007. Requirements for participation were willingness to wear an
accelerometer around the waist for a period of 9 days and have height, weight, and body
composition measured. The recruitment team consisted of a research nurse and an Amish
liaison, who visited the homes of children to inquire about interest in the study. To ensure that
the sample was as representative as possible, homes to visit were selected without prejudice
regarding the body composition or presumed physical activity level of the children living there.
To minimize the possibility of self-selection bias on the basis of body composition or PA level,
our recruitment narrative described the studies in a way that did not imply judgment regarding
body type or activity level. Informed parental consent and minor assent were obtained prior to
any study procedure. The study was approved by the University of Maryland Baltimore
Institutional Review Board.

The ES children were recruited in 2002 as part of a school-based physical activity
assessment study (5). Boys and girls aged 7-19 years old attending one elementary and a
combined middle and high school, residing on the Eastern Shore of Maryland participated. That
study was approved by the Institutional Review Board of the Johns Hopkins Bloomberg School
of Public Health, as well as the county school board of education. The methods and
consent/assent procedures of this study have been published previously (5), and are largely
similar to those of the OOA study.

As an additional contemporaneous comparison to the OOA and ES samples, we used
previously published data from the Third National Health and Nutrition Survey Examination

(NHANES) 2003-2004 (6).
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Measurements

All children underwent a brief physical exam including measurements of height
(Shorrboard ICA stadiometer; Olney, MD, USA), weight (calibrated electronic scale), and
percent body fat by bioelectrical impedance analysis (TANITA Model # BF682; Tanita Corp.,
Tokyo, Japan). BMI was calculated as the ratio of weight to height® (kg/m?). BMI values were
converted to z-scores (z-BMI) and percentiles based on the 2000 Centers for Disease Control
and Prevention (CDC) age- and sex-specific tables using algorithms and parameters provided
on the CDC website (7). In addition, we calculated individual body weight above the age- and
sex- specific median (50" percentile), using the same CDC norms, by subtraction of the median

from the body weight.

Physical Activity by Accelerometry

OOA children wore the Actical accelerometer (Mini Mitter Co., Inc.; Bend, OR, USA) on
the lateral aspect of the hip, held in place by a heoprene belt around the body, for at least 9
consecutive days, 24 hours a day, except when showering or bathing. The Actical device has
been validated by Heil (8) against gas exchange in children and adolescents aged 8-17 years.
All Actical monitors were of version 8.4. Epoch length was set for 15 sec and version 2.04
software was used for programming. The analysis incorporated the first 7 complete days of
wear (from midnight to midnight), i.e., data was ignored from the first day, which was always
incomplete, and any subsequent incomplete days. Days were considered incomplete due to
non-wear when more than 1 hour of zero daytime activity counts was recorded. Lack of
compliance was rare. Data from subjects with fewer than 5 days of observation and those not
wearing the Actical for long periods during the day were excluded from analysis (n = 11). Four
recordings were excluded due to obvious device malfunction. Usable Actical recordings were
available in 198 children (97 boys and 101 girls). In addition to total daily counts, activity energy

expenditure was calculated on a per-minute basis, using Heil's equations (8) as implemented in
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the Actical software, to derive time spent at defined levels of physical activity intensity
(sedentary, light, moderate, and vigorous). Using a cutoff point between light and moderate
activity of = 0.05 kcal-kg™-min™ as proposed by Puyau, et al. (9) for children and adolescents,
we report time spent in a collapsed category of moderate and vigorous activity (MVPA).
Sedentary activity was defined as periods with an activity count of less than 50 counts/minute
for 10 consecutive minutes. The activity measures were expressed as daily means.

The ES children wore the Actiwatch (Mini Mitter Co., Inc.) accelerometer on the hip for at
least 6 consecutive days, including 2 weekend days. The Actiwatch is physically similar to the
Actical but has a slightly different electronics and software. Thus, to ensure the highest degree
of accuracy in comparisons between the ES and the OOA children, the last 43 OOA children
were assigned to wear Actiwatch accelerometers concomitantly with the Actical accelerometers.
The OOA Actiwatch wear and data handling protocol was identical to the ES Actiwatch protocol
(5). Specifically, Actiware Rhythm software (v. 3.03) was used to program the devices for an
epoch length of 1 min and upload data. Six consecutive days were used, including two weekend
days. All Actiwatch devices used for the OOA had either been used in the ES study or were of
the same version as determined by a serial number starting with “V63”. As in the ES study (5),
an Excel spreadsheet macro, developed in the laboratory of Dr. Nancy Butte, was used to
calculate amount of time spent at defined levels of physical activity according to the definitions
of Puyau, et al., (9). Body composition was assessed in the ES study using the same TANITA

bioelectrical impedance analysis method as in the OOA study.

Statistical Analysis

Analyses were performed with SAS for Windows version 9.1 (SAS Institute Inc., Cary,
NC, USA). We compared levels of PA and other factors between OOA and ES children using
analysis of variance to adjust for age and sex. Prevalence of high-BMI-for-age (defined as BMI

at or above the 85" percentile for age and sex) was compared between groups using logistic
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regression. To assess the relation of PA levels to body composition, a mixed model was used,
adjusting for family as a random effect, to account for the fact that multiple OOA subjects were
recruited from the same household. Adjusted point estimates are given as least squares means

using the LSMEANS statement in PROC GLM.

Role of the funding sources
The funding sources had no involvement beyond approval of the studies prior to

recruitment.

RESULTS

Physical activity and body composition in OOA and ES children

Table 1 shows the characteristics of the 270 OOA children and 229 ES children. The
age range was 8-19 yrs in the OOA sample and 7-19 yrs in the ES sample, as the latter
included 2 children of age 7 yrs. The 270 OOA children belonged to 80 nuclear families (mean
number of siblings per family (£ SD) 3.4 + 1.0, range 1-8). Mean age was 12.4 + 3.1 and 12.0 £
2.8 yrs in the OOA and ES children, respectively (p = 0.13). ES children had higher mean BMI
(22.1 £5.4 vs. 19.5 £ 3.4), z-BMI (0.68 + 1.1 vs. 0.11 £ 0.82), body weight above the age- and
sex- specific CDC median (9.6 + 15.0 vs. 1.7 £ 8.5 kg), and percentage of body fat (23.7 + 11.5
vs. 18.4 + 7.4) (all p < 0.0001). Likewise, ES children were more likely to be have a BMI at or
above the 85" percentile as evidenced by the fact that the age- and sex-adjusted odds ratio of a
BMI at or above the 85" percentile in the OOA relative to the ES was 0.25 (95% CI [0.16, 0.39])
(p < 0.0001). By age group, it was 0.19 [0.09, 0.38] (p < 0.0001) in the 7-11 year-olds and 0.28

[0.16-0.53] (p < 0.0001) in the 12-19 year-olds.
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Figure 1 extends the above comparison with national estimates for non-Hispanic White
children originating from NHANES, showing that the prevalence of a BMI at or above the 85"
percentile is much lower in the OOA children than in the ES children and NHANES.

In preparation for our comparison of Actiwatch counts in the OOA and the ES, to assure
that the activity levels of the 43 OOA children that had been assigned to wear Actiwatch
monitors were representative of the background population, we compared the observed Actical
counts for the 43 children to their values predicted from the greater (n = 198) OOA sample
based on age, sex, and z-BMI. We found no difference between observed and predicted Actical
counts (409 + 129 vs. 386 + 71 x 10%counts/d, p = 0.22) leading us to conclude that the 43
Actiwatch-wearing children were indeed representative of the greater sample.

Figure 2 shows Actiwatch counts by sex and age group in the ES and the OOA. Total
activity counts were higher in the OOA than in the ES (338 + 97 vs. 227 + 67 x 10° counts/d, p <
0.0001 by t-test). A multivariate regression analysis adjusting for age and sex produced least
squares means that deviated minimally from the crude means (LS means [95% CI] 333 [312,
351] vs. 228 [219, 236] x 10° counts/d, p < 0.0001). Moreover, the age x group interaction was
significant (p = 0.01), such that the amount by which the OOA counts exceeded the ES counts
diminished with increasing age. Compared to the ES, the OOA spent more time in both light
activity (442 + 56 vs. 408 = 75 min/d, p = 0.005) and MVPA (106 + 54 vs. 53 = 32 min/d, p <

0.0001) (Figures 3 and 4).

Relation between physical activity and body compaosition

The relation between physical activity and body composition was examined in the 198
OOA children who had valid Actical data. Compared to girls, boys collected significantly more
total average daily Actical counts (427 + 114 vs. 311 + 109 x 10° counts/d, p < 0.0001), spent
more time in MVPA (117 + 42 min/d vs. 74 + 40 min/d, p < 0.0001), and spent less time in

sedentary activity (835 £ 83 min/d vs. 867 £ 94 min/d, p = 0.009). In separate mixed models,



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

adjusting for family membership as a random variable, z-BMI (B = -4.93 x 103, p = 0.0009), and
body weight above the age- and sex- specific median (B = -46.2 x 10°, p = 0.003) were both
inversely correlated with time spent in MVPA (Figures 5 and 6), but not with time spent in
sedentary activity (p = 0.48 — 0.62). There was no significant moderating (interaction) effect of
sex on the relationships between body composition and MVPA (p = 0.24 — 0.36). According to
the effect sizes (B-coefficients) of these relationships, an increment of MVPA by 53 min/d is

associated with a decrement of BMI by 0.26 SD, or body weight by 2.45 kg.

DISCUSSION

In this study there were three major findings: First, OOA children differ minimally from
CDC prescriptive norms with regard to BMI, whereas ES children are more frequently
overweight, in agreement with mainstream NHANES trends. Second, OOA children are more
physically active than ES children, spending twice as much time in MVPA. Third, within the OOA
group, we found that differences in MVPA statistically may explain up to 2.5 kg of the difference
in mean body weight between the two groups.

The first two findings are in agreement with Bassett, et al., (10), who found high levels of
PA and a low prevalence of overweight in Amish children residing in Canada. The third finding
expands previous work by providing evidence, in a cross-sectional fashion, that suggests a
causal connection between PA and overweight, and quantifying the potential effect size.

The finding of such great differences in PA between the Amish and the ES is intriguing
because studies (11, 12), comparing other groups whose environments were thought to differ
crucially, found that the groups had similar levels of PA. The origins of the OOA/ES differences
are unclear. In addition to chores and outside play, the prominence of active transportation in
the OOA may play a role. Bicycles are not allowed but walking and foot-propelled scooters

(which are less energy-efficient than bicycles) are used for local travel. By contrast, the ES

10
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almost universally travel to school and other destinations by bus or car. Future studies, mapping
the nature of activities undertaken by OOA youths may provide ideas for the design of
interventions to reduce weight gain in mainstream youths through an increase in PA, as
previously no such interventions have been clearly successful (13).

Some (5, 14, 15), but not all, studies in children have found a relation between PA and
body composition, either in the whole sample or a subgroup. Treuth, et al. (5) found an inverse
association between body fatness and PA as measured by accelerometry in the ES children,
but only in girls. Compared to the existing literature, we suspect that the relatively wide range of
PA levels in the OOA, the use of an objective measure of PA, and limited variability in other
environmental factors may have enhanced our ability to demonstrate a true correlation between
PA and body composition.

The inverse correlation between PA and BMI found in the OOA, the ES and a number of
other populations is supportive of the hypothesis that differences in PA explain differences in
body composition. However, the opposite causality is also possible (i.e., lack of obesity may
facilitate PA), there could be bidirectional causal relationships, or finally, no relationship other
than a shared influence of an antecedent cause.

Under the assumption that causality runs from activity to body composition, the effect
size (B-coefficient) of this relation indicates that the ES would have been, on average, about 2.5
kg lighter if they had spent as much time in MVPA as the OOA, 106 min/d, instead of their
actual 53 min/d. Even in this “best-case-scenario”, however, differences in MVPA explain only
about one-third of the difference in body weight between the groups, meaning that other factors,
such as diet, must also play a role.

In agreement with other studies (16, 17) we found that OOA children become less
physically active with increasing age, and within each group, girls tend to be less physically

active than boys. While this gender dimorphism could suggest biological sex differences, it is

11
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likely that cultural norms also play a large role, as evidenced by the fact that OOA girls were
easily more active than ES boys.

Data from the Youth Risk Behavior Survey (18, 19) suggest that PA declined among US
adolescents from 1993-2003. A recent development that may help to explain a decline in PA in
the mainstream population is the proliferation of electronic devices. Although OOA businesses
are permitted to have computers, they are never used in homes, nor are televisions or electronic
games.

In contrast to children, the BMI of adult OOA adults is similar to that of the general, non-
Amish, Caucasian population (20). Nevertheless, adult OOA have approximately half the
prevalence of diabetes compared to the general United States population of European ancestry
(20, 21). The present study suggests that the OOA preferentially gain their excess weight in
adulthood rather than as children and adolescents. Thus one could hypothesize that adult OOA
may be relatively protected against diabetes in adulthood because of a shorter lifetime exposure
to obesity (i.e., fewer “fat-years” in analogy to the health risks from “pack-years” of cigarette
smoking).

Some limitations of our findings deserve mention. The study was an observational,
cross-sectional study, unable to establish causality. We could not assure representativeness in
our sample by any means other than our efforts to recruit randomly and present the study to
prospective subjects in ways that would not introduce bias in enroliment. However, we believe
the ascertainment was as unbiased as possible. Data from NHANES was obtained from a
published summary which meant that we could not perform statistical tests against our own
data. However, we find it unlikely that statistical testing would provide additional insights.

It is a strength of the study that the measurement of PA was performed with the exact
same instrumentation and procedures in the OOA and the ES. Although the number of OOA

who wore the Actiwatch was limited to 43, we could use the data collected by their

12



simultaneously worn Actical monitors to ensure that they were representative of the larger OOA
sample.

Thus, our results indicate that in comparison to a group of non-Amish children living
nearby, OOA children spend twice as much time in MVPA, which may in part explain why they

are less frequently overweight.

13
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Table 1. Characteristics and physical activity measures for Old Order Amish

(OOA) and Eastern Shore (ES) children.

Age (y) Group
OO0OA ES P (OOA vs. ES)
8-11* 57 girls/45 boys | 53 girls/48 boys
Age (years) 95+1.1 9.8+1.1 0.15
Body weight (kg) 34.0+8.6 41.4+13.2 <.0001
Weight above CDC age 1.3+6.7 7.4+12.1 0.0003
and sex median (kg)
BMI (kg/m?) 174+ 2.7 20.5+45 <.0001
z-BMI 0.08 £ 0.84 0.77+£1.12 <.0001
Percent body fat 17.7+5.8 23.5+11.0 <.0001
N weight = 85™ percentile 15 (18%) 45 (80%) <.0001
for age and sex
Actiwatch counts (10°/d) 378 + 84" 248 £ 67 <.0001
Time spent in light activity 434 + 40" 430+ 73 0.82
(min/d)
Time spent in 128 + 45" 61 + 34 <.0001
moderate/vigorous
activity (min/d)
OO0OA ES
12-19 72 girls/96 boys | 51 girls/77 boys
Age (years) 14.7+2.1 14.4+1.8 0.06
Body weight (kg) 54.7+12.3 63.8+17.3 <.0001
Weight above CDC age 20+x94 11.2+17.3 <.0001
and sex median (kg)
BMI (kg/m?) 20.7+3.1 23.5+5.7 <.0001
z-BMI 0.13+0.82 0.62 +1.08 <.0001
Percent body fat 18.8+8.1 23.7£11.9) <.0001
N weight = 85™ percentile 21 (14%) 45 (54%) <.0001
for age and sex
Actiwatch counts (10°/d) 297 + 94° 210 £ 62 <.0001
Time spent in light activity 450 + 68° 391+72 0.001
(min/d)
Time spent in 83 + 54° 47 + 29 <.0001
moderate/vigorous
activity (min/d)

Values are means = SD or N (percent). z-BMI, Body Mass Index z-score. CDC, Centers
for Disease Control and Prevention. *Youngest children in ES group were 7 yrs. old
(n=2). "N = 9 girls/13 boys. N = 10 girls/11 boys.
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Figure 1

Figure 1. Prevalence of BMI at or above the 85" percentile in NHANES non-
Hispanic White (NHW) children, ES, and OOA, by age stratum as used in (5);
youngest children in ES and OOA cohorts were 7 and 8 years, respectively. *p <
0.0001 for ES vs. OOA.
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Figure 2

Figure 2. Physical activity levels (accelerometer counts) in OOA and ES children
by age group and sex.
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"The ES group included 2 boys aged 7 yrs. *ES < OOA, p < 0.005 or better.




Figure 3

Figure 3. Time spent in light activity in ES and OOA children by age group and
sex.
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Figure 4

Figure 4. Time spent in MVPA (moderate/vigorous physical activity) in OOA and
ES children by age group and sex.
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Figure 5

Figure 5. BMI z-score as a function of time spent in MVPA (moderate/vigorous
physical activity) in OOA children (r =-0.24, p = 0.0006). The correlation was
robust to adjustment for age by partial correlation (r = -0.24, p = 0.0007)
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Figure 6

Figure 6. Body weight above the age- and sex- specific CDC median as a function
of time spent in MVPA (moderate/vigorous physical activity) in OOA children (r = -
0.29, p < 0.0001). The correlation was robust to adjustment for age by partial
correlation (r =-0.28, p < 0.0001).
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