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Abstract  This study is a secondary analysis to identify the effects of as oil transmitted helminth treatment 
campaign on growth in Guatemalan children, and to identify other factors associated with change in BMI. One 
thousand children were recruited through schools, pre and post BMI was calculated from height and weight 
measures with a helminth treatment campaign as the timeframe. BMI was categorized into WHO standard categories, 
and collapsed into binary risk variables (extreme thin vs. all others, and extreme overweight vs. all others). From this, 
predictors of BMI change were identified. Older age predicted thinness. Younger age and rural residence predicted 
overweight. Helminth treatment had no effect on BMI growth. East Guatemalan children progress toward thinness 
naturally. Caution is urged in using BMI as the sole tool for measuring growth in children. 
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1. Introduction 
Between a third and half of all Guatemalan children are 

chronically malnourished, with a greater burden among 
indigenous families [1]. Sorensen and colleagues [2] 
observed stunting in 17% of east Guatemalan children, but 
acute malnutrition (wasting) was found among half. 
Guatemala has the highest rate of childhood malnutrition 
in Latin America despite being the world’s fifth largest 
exporter of food commodities. In 2010, over two thousand 
Guatemalan children under the age of 5 died as a result of 
malnutrition [3], an alarming number in a nation with only 
14 million inhabitants [4].  

Malnutrition contributes to childhood mortality by 
exacerbating the effects of preventable and treatable 
diseases [5]. Research suggests that one third to one half 
of all child deaths globally are associated with 
malnutrition [6]. In addition to morbidity and 
mortalityrisk, malnutrition induces other deleterious 
effects, including mental and physical development delays 
[1,7,8].  

Malnutrition is traditionally a term associated with 
thinness, but overweight and obesity status can be 
malnutrition. Overweight/obesity was coined by the 
World Bank as the “double burden of malnutrition [9]”, an 
emerging public health concern in children associated 
with an increased prevalence of chronic conditions 
including hypertension, hypercholesteremia, diabetes, 
cancer and cardiovascular disease [9,10]. 

Malnutrition in children has been traditionally difficult 
to quantify. Traditional methods use weight for height and 
height for age, and were based on United States references 
[8]. In addition, neither is considered a stable measure for 
thinness [11,12]. Later research suggests that Body Mass 
Index (BMI) is a good indicator for thinness and 
overweight in developing children [11,13] which better 
adjusts for age. Since 2006, the World Health 
Organization (WHO) has created global standards for 
children’s growth based on BMI measures. The standards 
can monitor growth of children regardless of ethnicity or 
socioeconomic status (SES) [8].  

The purpose of this study was to 1. Determine if soil 
transmitted helminth and/or helminth treatment impacts 
the BMI in Guatemalan children, and 2. Identify other 
factors which may associate with children’s BMI.  

2. Methods 
This study took place within the province of El Estor, 

Guatemala. Description of recruitment is outlined 
elsewhere [2]. BMI standards were used to create 
categories from these children’s height and weight 
measures. We used the WHO BMI cut-off of -1 standard 
deviation to identify risk factors of malnutrition due to 
thinness in children [8]. Since height and weight measures 
were recorded from subjects before and after albendazole 
dosing (separated by a six month interval), pre and post 
BMI measurements were calculated.  
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The study sample included female and male students, 5 
to 17 years old. A total of 1,001 school children were 
enrolled in this study. The mean age was 9.2 years; other 
sample characteristics are shown in Table 1. All children 
had height and weight measures taken, whereas a sub-
sample yielded clinical measures (for anemia and parasite 
infection classification). Parental consent and children’s 
assent was obtained. IRB approval was granted by the 
researchers’ University.  

Table 1. Independent samples T test with El Estor school children 
characteristics, Baseline 

 n % Ave BMI P-value 

Sex 
Male 

Female 

 
424 
467 

 
47.6 
52.4 

 
16.67 
16.83 

 
0.313 

Age group a 
5-9 

10-12 
13-17 

 
518 
262 
105 

 
58.5 
29.6 
11.9 

 
15.90 
17.30 
19.64 

 
0.000** 

Residence 
Urban 
Rural 

 
270 
621 

 
30.3 
69.7 

 
16.77 
16.75 

 
0.907 

Helminth infection b 
No 
Yes 

 
72 

150 

 
32.4 
67.6 

 
16.96 
16.54 

 
0.401 

Anemic b 
No 
Yes 

 
277 
14 

 
95.2 
5.8 

 
16.18 
16.65 

 
0.492 

Albendazole Treatment 
3 months 
6 months 

 
442 
449 

 
49.6 
50.4 

 
16.64 
16.86 

 
0.151 

 

Pre-BMI Categorya 
Group 1 (< -2 S.D) 

Group 2 (-2 to -1 S.D) 
Group 3 (-1 to +1 S.D) 
Group 4 (+1 to +2 S.D) 

Group 5 (> +2 S.D) 

 
13 
73 

726 
82 
2 

 
1.5 
8.1 

81.0 
9.2 
0.2 

 
12.83 
14.98 
16.61 
19.86 
26.79 

 
0.000** 

Post-BMI Categorya 
Group 1 (< -2 S.D) 

Group 2 (-2 to -1 S.D) 
Group 3 (-1 to +1 S.D) 
Group 4 (+1 to +2 S.D) 

Group 5 (> +2 S.D) 

 
13 
48 

546 
106 
30 

 
1.7 
6.5 

73.5 
14.3 
4.0 

 
12.42 
14.76 
16.75 
19.92 
22.64 

 
0.000** 

 

a One way ANOVA 
bOnly clinical subsample tested for this condition 
*. 05<P<.10 **P<.05 

2.1. Analysis 
Comparisons of independent variables were scrutinized 

(gender, residence, anemia, age, and frequency of 
helminth medication (2 to 3 doses)). Trends in weight loss 
or gain were analyzed framed by the dosing period, using 
T tests. Pre/post analyses on anemic children were not 
performed due to low sample size (Table 2). Four binary 
logistic regression models were constructed using WHO 
BMI categories as the dependent variable. These 
categories were combined into a binary variable in which 
children less than one standard deviation from the mean 
were tested against all other children. In addition, we 
analyzed the BMI of children who were greater than one 
standard deviation above the mean compared to everyone 
else. We did this pre and post, separated by six months. 
Analyses were performed using SPSS (version 17.0). 

3. Results 
The majority of children were female (52.7%), rural 

residents (64.4%), and age 5 – 9 (57.6%). At baseline 
1.5% (n=15) students were either extremely thin (< 2 s.d.) 
or extremely overweight (> 2 s.d.).  

To assess potential selection bias analyses were 
performed on key characteristics with BMI as the 
dependent variable (Table 1). As expected, age and BMI 
group demonstrated a significant difference in BMI 
averages. No other characteristic shows significance, 
indicating nonbiased selection. Interestingly, BMI did not 
differ according to helminth status. When the 
characteristics were tested six months later, age again 
displayed its expected differences in BMI, but sex also 
demonstrated marginal significance (P=.074, Independent 
Samples T test) with males posting lower BMI (average 
17.1) than females (17.4; data not shown). 

Table 2. Paired samples T test with El Estor school children 
characteristics 

 n BMI (ave.) 
Baseline 

BMI (ave.) 
After 6 months P-value 

Sex 
Male 

Female 

 
318 
362 

 
16.64 
16.95 

 
16.92 
17.36 

 
0.000** 
0.000** 

Age group 
5-9 

10-12 
13-17 

 
397 
204 
75 

 
15.92 
17.31 
20.09 

 
16.32 
17.66 
20.34 

 
0.000** 
0.001** 
0.072* 

Residence 
Urban 
Rural 

 
223 
447 

 
16.72 
16.84 

 
17.00 
17.24 

 
0.010** 
0.000** 

Helminth infection 
No 
Yes 

 
37 
111 

 
17.18 
16.43 

 
17.44 
16.86 

 
0.428 

0.022** 

Anemic 
No 
Yes 

 
175 
-- 

 
16.71 

--- 

 
16.95 

--- 

 
0.070* 

--- 

Dosing 
3 months 
6 months 

 
390 
289 

 
16.61 
17.06 

 
17.05 
17.32 

 
0.000** 
0.000** 

*. 05<P<.10 **P<.05 
Before and after BMI measures were tested across key 

characteristics (Table 2). Children grew significantly after 
six months across all characteristics; strangely, children 
not infected with parasites did not grow as others. This 
result across all categories suggests that growth was 
natural and not linked to a particular health or SES 
category, let alone to helminth treatment. Marginally 
significant growth was seen in the oldest age group (age 
13-17) suggesting that growth decelerated in this age 
group as opposed to younger children.  

The regression on thinness showed that baseline age 
stayed in the model as a significant predictor of extreme 
thinness (P=.011, Table 3). That is, for every unit increase 
in age there is a 25% increase in the likelihood of 
becoming deleteriously thin (according to WHO 
categories) controlling for sex, residence, infection status, 
hemoglobin measures, and albendazole dosing. Only age 
is associated with unhealthy thinness, before treatment began.  
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Table 3. Binary logistic regression on WHO BMI categories 
 BMI thina vs BMI non-thin BMI overweightb vs BMI non-overweight 

 Unadjusted OR 
(95% C.I.) P-value Adjusted OR 

(95% C.I.) P-value Unadjusted OR 
(95% C.I.) P-value Adjusted OR 

(95% C.I.) P-value 

Sex 
Baseline 

 
After 6 months 

 
0.564 (.21 – 1.51) 

 
0.950 (.31 – 2.92) 

 
0.255 

 
0.929 

 
0.615 (.24 – 1.59) 

 
N/A 

 
0.315 

 
0.873 (.31 – 2.47) 

 
1.398 (.45 – 4.32) 

 
0.798 

 
0.560 

 
N/A 

 
N/A 

 

Age 
Baseline 

 
After 6 months 

 
1.270 (1.05 – 1.53) 

 
0.996 (.79 - 1.26) 

 
0.012 

 
0.971 

 
1.251 (1.05 - 1.49) 

 
N/A 

 
0.011** 

 
 

 
0.826 (.65 – 1.06) 

 
0.763 (.58 – 1.01) 

 
0.126 

 
0.058** 

 
0.831 (.66 –1.05) 

 
0.752 (.58 – 98) 

 
0.120 

 
0.036** 

Residence 
Baseline 

 
After 6 months 

 
1.112 (.43 – 2.90) 

 
0.494 (.16 – 1.57) 

 
0.828 

 
0.231 

 
N/A 

 
0.510 (0.16 – 1.59) 

 
 
 

0.247 

 
0.436 (.15 – 1.28) 

 
0.236 (.06 –. 88) 

 
0.130 

 
0.032** 

 
N/A 

 
0.220 (.06 -. 82) 

 
 
 

.024** 
Infection 
Baseline 

 
After 6 months 

 
0.507 (.23 – 1.63) 

 
1.875 (.49 – 7.19) 

 
0.321 

 
0.360 

 
N/A 

 
N/A 

 

 
0.808 (.28 – 2.32) 

 
1.109 (.34 – 3.65) 

 
0.692 

 
0.864 

 
N/A 

 
N/A 

 

Hb 
Baseline 

 
After 6 months 

 
0.884 (.62 – 1.27) 

 
0.927 (.61 – 1.42) 

 
0.504 

 
0.727 

 
N/A 

 
N/A 

 

 
1.732 (1.03 - 2.91) 

 
0.988 (.61 – 1.61) 

 
0.038** 

 
0.961 

 
1.642 (.99 - 2.72) 

 
N/A 

 
0.053* 

 
 

Dosing 
Baseline 

 
After 6 months 

 
0.605 (.22 – 1.68) 

 
0.380 (.10 – 1.42) 

 
.334 

 
.151 

 
N/A 

 
0.374 (.10 – 1.39) 

 
 
 

0.143 

 
1.479 (.53 – 4.15) 

 
0.529 (.16 – 1.78) 

 
0.457 

 
0.305 

 
N/A 

 
N/A 

 

a =< 1 standard deviations of BMI  
b => 1 standard deviations of BMI  
c after five iterations 
*. 05<P<.10; **P<.05 

The model focusing on overweight revealed two 
significant factors, age and residence, both after six 
months of treatment (P=.036 age, P=.024 residence; Table 
3). Specifically, for every unit increase in age one expects 
to see a 25% decrease in the odds of unhealthy overweight 
status, according to WHO BMI categories. Secondly, there 
is an 88% decrease in the odds of becoming dangerously 
overweight if one lived in rural settings. Both of these 
variables controlled for each other as well as sex, infection 
status, hemoglobin measures, and albendazole dosing. In 
addition, hemoglobin revealed a marginally significant 
association. Baseline age stayed in the model during five 
iterations, but was not significant after controlling for 
confounders. 

4. Discussion 
This study identifies the effects of a soil transmitted 

helminth campaign on body bulk in east Guatemalan 
school children. We found a null effect between helminth 
influence (infection and/or treatment) and BMI categories. 
Only baseline age emerges as a predictor for thinness. 
This association manifests before dosing activities, 
therefore east Guatemalan children progress toward 
thinness naturally.  

In research from a rural Brazilian setting, 11% of 
children were found to be overweight/obese [14]. Their 
study demonstrates that SES factors lead to 
overweight/obesity. Likewise, our study demonstrates that 
residence is a predictor of overweight status; urban 
settings seem to be riskier nutritional environments in this 
sample of children; we speculate that marketed processed 
foods are behind this. We found 8.5% of the children 
overweight/obese before dosing and 18.2% 
overweight/obese after dosing. However, BMI in a 

Guatemalan population has been shown to overestimate 
fatness in children [15].  

The multiple results of the variable age from Table 3 
are self-validating because the direction of risk runs 
opposite whether considering thinness or overweight. That 
is, we find that as a Guatemalan child ages he/she is more 
likely to become naturally thin, but the direction reverses 
with overweight status only after intervention (a younger 
child is more likely to become overweight after treatment). 
Other studies show children’s growth in positive 
association with age [16,17,18], or, among immigrant 
children or children in developing countries, demonstrate 
level or no growth with aging [19]. Yet another study, also 
done in Guatemala [20] shows retarded growth in early 
childhood only. Our study is unique in demonstrating 
diminishing growth (BMI) in relation to age. However, 
these latter researchers allow for patterns of unaccounted 
sexual maturity or immigration that may affect growth 
patterns in adolescents [20]. Our finding of greater gain in 
females suggest sexual or hormonal changes underlying 
growth variety. 

4.1. Strengths and Limitations 
We had moderate to low sample size in clinical 

measures (helminth/hemoglobin), but substantial size with 
BMI measured children. Distribution of BMI categories 
(Table 1) follow the proportions of normally distributed 
data. We relied on two binomial logistical regression 
models, whereas one polytomous regression model could 
statistically suffice; we split the analysis into two phases 
to maintain analytic power. Logistic regression has 
advantages over multivariate regression analysis, namely, 
being more robust. Lastly, we controlled for various other 
demographics, and albendazole dosing category, in the 
final analysis, and checked for selection bias. 
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5. Summary 
Treatment for intestinal helminths shows no impact on 

BMI growth in Guatemalan children. BMI indicators 
detect both under and over malnutrition using the same set 
of standards [8]. Furthermore, the significant growth in 
younger children (ages 5-9) and the marginally significant 
decline in growth in older children (ages 13-17) suggest 
that BMI as a tool for measuring body bulk growth in 
children may work for some situations and environments, 
but not all situations [15]. We suggest the continued 
discussion of weight for height, and height for age, 
constructs as supplements to BMI interpretations. We do 
not favor BMI as the sole nutrition screening tool for 
children in developing countries.  
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