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energy available for growth (Gluckman and Pinal 2003; Scrimshaw 2003). For the
Tsimane', the competing energy demands from immune activation in response to
pathogen exposure have been associated with reduced linear growth over the following
three months in children 2-4 years. This disparity in height is most evident for those
children with low energy stores of subcutaneous fat at the time of immunostimulation
(McDade et al. 2007). In addition, this age is when positive centile crossing is most
plausible, because growth rates are most rapid and linear growth trajectories have not yet
canalized. While recovery from early insults and perturbations in this population
underscores the dynamic plasticity of this critical developmental period, the long-term
costs associated with catch-up growth have yet to be explored as these individuals reach
adulthood (Cameron 2007, West-Eberhard 2003).

The panel study in progress with the Tsimane’ should allow us to explore these
topics in the future, and will facilitate a more nuanced understanding of the downstream
health correlates of population facing chronic challenges to growth (Ong 2000). This
study also underscores the point that transitions in cultural and economic contexts are not
uniform or monolithic, even within a given population. While Tsimane’ children exhibit
a high prevalence of stunting characteristic of other Amazonian populations, our analyses

demonstrates significant individual variation in potential for catch-up growth.
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TABLE 1. Height status and year-by-year height increments (cm) during 2002-2006 for Tsimane’ girls and boys, 2<age<7 at baseline,

2002
A average height,
Age 2002-2006
in Height in cm during: Total
2002: Sex cm, Annual A
2006
2002° 2003 2004 2005 2006 minus | cm | %
2002
N M A SD N M A SD N M A SD N M A SD N M A SD
2 Girls | 38 82 83 5.1 25 88 88 | 4.0 30 |94 |95 4.6 |32 101 | 101 | 4.9 30 106 | 107 | 3.3 24 6.0 | 63
Boys 32 82 82 |49 |22 88 87 | 4.8 29 | 95 94 | 45 27 101 | 101 | 4.6 26 107 | 107 | 4.9 25 62 | 6.6
B Girls |25 |90 |88 |47 [18 |91 |92 |44 |21 |99 | 10033 |21 | 106 105 |34 |19 | 111 | 111 | 3.3 23 57 | 59
Boys 36 | 91 91 6.6 |29 93 95 6.4 25 102 | 103 | 59 | 28 108 | 108 | 5.1 27 112 | 113 | 6.3 22 55 |55
4 | Girls |35 |98 |97 |64 |28 |102] 10255 |29 |107 | 106 | 64 |29 | 111 | 111 |63 |28 | 117 | 116 | 62 19 47 | 46
Boys 34 |97 98 5.7 25 101 | 102 | 6.6 28 107 | 108 | 5.3 30 112 | 113 | 5.6 28 117 | 119 | 5.2 21 52 | 48
5 | Girls | 21 | 104 [ 103 [ 60 |15 | 110|108 |52 |18 | 114 | 114 [56 |20 | 119 | 118 |62 | 19 | 123 | 124 | 72 21 52 | 46
Boys 21 104 | 104 | 4.8 19 108 | 108 | 4.5 16 113 | 113 | 42 16 118 | 117 | 4.7 16 123 | 123 | 44 19 4.7 | 4.2
6 | Girls |27 [ 111 [ 11194 [20 |112] 113 |82 |23 | 118 | 119 |73 |24 | 124 | 125 |80 |24 | 130 | 131 | 10 20 50 | 45
Boys 35 111 | 109 | 8.3 29 113 | 113 | 7.2 30 119 | 118 | 74 | 32 123 | 123 | 7.5 29 128 | 127 | 8.2 18 45 | 3.7
Tot* | Girls | 146 [ 94 [95 [ 122|106 [ 99 | 100 [ 10.8 | 121 [ 105 [ 106 | 10.5 [ 126 | 111 | 111 [ 104 [ 120 [ 115 [ 117 [ 11.0 | 21 55 | 5.1
Boys 158 | 96 96 11.6 | 124 | 101 | 101 | 10.9 | 128 | 107 | 107 | 103 | 133 | 111 | 112 | 9.5 126 | 117 | 118 | 9.6 21 5.2 5.0

"'Total cm, 2006 minus 2002, computed as the difference between the child’s average height in 2006 minus the average height in 2002
294 growth rate/year were estimated through random-effects regression, where log height was regressed against observation year
3 N=sample size; M=median; A=average (mean); SD=standard deviation
* Tot = total for all age brackets
> All values are truncated
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TABLE 2. Mean height-for-age Z score (HAZ) and A HAZ during 2002-2006 for Tsimane’ girls and boys, 2<age<7 at baseline,
measured annually during 2002-2006, by baseline stunting *

Mean height-for-age Z score (HAZ) during:

A in mean HAZ, 2002-2006

%

Age stunted
in Sex Total HAZ, 2006 at
2002: 2002 2003 2004 2005 2006 minus 2002' baseline,
but not
in 2006
T S NS T S NS T S NS T S NS T S NS T S | NS %
2 Girls | -1.65 | -2.62 | -.59 -1.52 | 242 | -1.18 | -1.93 | -2.53 | -1.29 | -1.83 | -2.27 | -1.34 | -1.64 | -2.08 | -1.04 | .01 .54 | -45 21
Boys | -2.01 | -2.92 | -84 228 | 274 | -1.72 | -2.07 | 249 | -1.43 | -2.00 | -2.40 | -1.45 | -2.04 | -2.43 | -1.54 | -.03 | .49 | -70 28
3 Girls | 213 | 292 | -1.12 | 233 | -2.82 | -1.34 | -1.92 | -2.30 | -1.29 | -1.88 | -2.22 | -1.32 | -1.75 | -2.06 | -1.32 | .38 .86 | -.20 45
Boys | -1.73 | -3.13 | -48 -1.80 | -2.86 | -.81 -1.67 | 271 | -98 -1.79 | 2,57 | -1.20 | -1.74 | 271 | -96 -01 | 42 | -48 0
4 Girls | -1.67 | -2.79 | -73 -1.68 | -2.45 | -.83 -1.89 | 259 | -1.11 | -1.87 | -2.43 | -1.25 | -1.81 | -2.47 | -1.14 | -.14 | 32 | -41 28
Boys | -1.71 | -2.94 | -73 -1.95 | -3.13 | -.97 -1.82 | 270 | -1.04 | -1.75 | -2.62 | -99 -1.64 | 247 | -94 .07 47 | -21 7
5 Girls | -1.35 | -2.92 | -57 -1.23 | -2.68 | -.76 -1.10 | 233 | -.67 -1.26 | -2.40 | -.71 -1.19 | -2.31 | -.59 .16 .61 | -.02 28
Boys | -1.75 | -2.74 | -.86 -1.92 | 271 | -1.05 | -1.84 | -2.57 | -1.22 | -1.94 | -2.63 | -1.25 | -1.57 | -2.39 | -1.24 | .18 35 | -.38 28
6 Girls | -1.15 | -2.83 | -.16 -146 | 255 | -78 -1.28 | -2.53 | -.83 -1.22 | 240 | -.67 -1.19 | 2.6 -39 -04 | 23| -23 0
Boys | -1.97 | -348 | -84 -2.01 |-3.12 | -122 | -191 | -3.13 | -1.09 | -1.97 | -3.09 | -1.20 | -1.90 | -2.97 | -1.03 | -.07 | .51 | -.19 7
Tot Girls | -1.60 | -2.78 | -.60 -1.71 | 2,57 | -.95 -1.71 | 248 | -1.03 | -1.66 | -2.34 | -1.05 | -1.58 | -2.29 | -95 .02 49 | -35 25
Boys | -1.84 | -3.06 | -73 -1.99 | 292 | -1.12 | -1.85 | -2.71 | -1.13 | -1.88 | -2.66 | -1.20 | -1.81 | -2.61 | -1.12 | .03 45 | -.61 13

' Total HAZ, 2006 minus 2002, is the difference between the average HAZ for 2006 minus the average HAZ for 2002.
? T=total (stunted + not stunted); S=Stunted (HAZ<— 2) at baseline; NS=not stunted at baseline (>-2 HAZ)

3 Tot = total for all age brackets
* All values are truncated
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TABLE 3. Random-effect panel linear regressions results for growth rate in height 2002-2006 in relation to baseline stunting (2002),
adjusted for child, mother, and household and community attributes among Tsimane’ children 2-7 years of age at baseline'

Dependent variable: Year-to-year A in height Z score (HAZ)

Explanatory I 11 111 v \Y
variables A B A B A B A B A B
1. Baseline stunting 0.189** | 0.202** | 0.094** | 0.105** | 0.190** | 0.190** | 0.189** | 0.203** | 0.116** | 0.116**
I1. Child:
Birth order A A 0.268** | 0.295** A A A A 0.308** | 0.558**
# younger siblings A A —0.254** | —0.290* A A A A —0.273* | —0.531%**
Lagged weight A A —0.015* | —0.012 A A A A —0.012 —0.007
Age A A 0.028 0.027 A A A A 0.019 0.011
Male A A —0.042 | —0.081** A A A A —0.031 | —0.072**
Current illness A A —0.011 —0.024 A A A A —0.022 —0.029
Dry-season birth A A 0.004 0.014 A A A A 0.036 0.041
II1. Mother:
Age A A A A —0.001 | —0.001 A A 0.001 0.001
Schooling A A A A 0.015 0.015 A A —0.003 —0.004
Current height A A A A 0.003 0.001 A A 0.006* 0.002
Current weight A A A A 0.002 0.001 A A —0.000 —0.000
Current illness A A A A 0.028 0.020 A A 0.010 0.002
Laughter A A A A 0.053 | 0.074* A A 0.003 0.030
IV. Household:
# children A A A A A A —0.006 | —0.008 —0.021 —0.016
Current income A A A A A A —0.003 | —0.005 | —-0.011** | —0.016**
Current wealth A A A A A A 0.001 —0.003 0.005 0.007
Forest clearance A A A A A A 0.016 —0.007 0.044 0.036
V. Constant —0.081** | —0.594** | —0.187 —0.222 | —0.800* | —0.346 | —0.092 | —0.597** | —1.256** | —0.991**
Village fixed effect: No Yes No Yes No Yes No Yes No Yes
present
R” overall | 0.038 0.071 0.028 0.067 0.051 0.075 0.039 0.074 0.057 0.086
N 915 704 869 914 673

'Regressions include clustering by subject and robust standard errors. *p<0.05, ** p<0.01. *variable intentionally excluded.
For definition of variables, see appendix.
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TABLE 4. Sensitivity analysis of main regression results from Table 3, column VB, and test of

hypotheses

Coefficient of baseline stunting

Description of modification of column VB

1 | 0.11%* Benchmark regression (Table 3, column VB). H1
Sensitivity analysis of hypothesis #1:
2 0.11%* Control for # times child present in the study
3 0.16** Control for child’s current BMI
4 0.11%* Control for full set of dummy variables for years
5 0.12%* [4]+ full set of dummy variables for community-years
6 0.13%* Control for total household practical ethnobotanical skills
7 0.16 cm/year Outcome = height A cm/year
Hypotheses:
8a 0.008 Regression VB only for children living nearer to towns. H2
8b 0.21%* Regression VB only for children living far from towns. H2
9a 0.09* Regression VB only for girls. H3
9b 0.14%* Regression VB only for boys. H3
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Figure 1. Mean height (cm) for Tsimane’ girls and boys, 2<age<7 at baseline, 2002, measured annually during 2002-2006
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Figure 2. Annual change in height during 2002-2006 for Tsimane’ children, 2<age<7, at baseline, 2002, measured annually during
2002-2006.
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Figure 3. Total change in HAZ (z-score) for Tsimane’ girls and boys, 2<age<7 at baseline, 2002, measured annually during 2002-2006
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Appendix.

Definition of control variables used in regressions, children 2<age<7

Control Variables Definition
1. Child:

Birth order | Pseudo birth order; 1=youngest, 2=next to youngest, etc. Birth order
determined by child’s age in the household, not by asking mother
about the exact birth order of the child. This variable only includes
children living in the household at the time of the survey

# younger siblings | Number of younger siblings living in the household
Lagged weight | Weight of subject during previous year
Age | Best estimate of child’s age in whole years made by TAPS team
Male | Child’s sex: 1=male, 0=female
Current illness | Natural logarithm of total number of self-reported days in bed due to
illness during the 14 days before the day of the interview. +1 added
to raw values before taking logarithms
Dry-season birth | Subject was born during the dry season (Dec-June); 1=yes, 0=no
II. Mother:
Age | Best estimate of mother’s age in whole years made by TAPS team
Schooling | Mother’s maximum school grade achievement
Current height | Measured standing physical stature of child’s mother (cm)

Current weight

Mother’s weight in kg

Current illness

Natural logarithm of total number of self-reported days in bed due to
illness during the 14 days before the day of the interview. +1 added
to raw values before taking logarithms

Laughter

Mother laughed during interview; 1=yes, 0=no

I11. Household:

# children

Number of children in the household

Current income

Natural log of household income earned during the two weeks before
the day of the interview. Income sources include sales and wage
labor.

Current wealth

Natural log of sum of wealth of traditional and modern physical
assets owned by the household.

Forest clearance

Natural logarithm of old-growth and fallow forest cleared by the
household during the year before the interview. Raw variable
measured in tareas (10 tareas=1 hectare).

IV. Community

Village fixed attributes

Full set of dummy variables for villages (n=13-1=12)
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