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SUMMARY

A long-term cnergy supplementaiion program was carried out to determmne its
effect on the productivity of agricultural workers in Guatemala. The program provid-
ed, free of charge, a low-encrgy (24 Kcal) and a high-energy (350 Kcal) bottled, or-
snge-flavored soft drink to two groups of long-term resident sugar-cane cutters who
worked on the same plantation, locaied in the Pacific Coast.

Previous to, and periodically thereafter during implementation qf the program,
data relative fo cnergy intake and anthropomefry were collected. Through data obtain-
ed from payroll Lists, a longitudinal series of average productivity (tons of sugar cane
cut and loaded per day) covenng 48 weeks of pre-supplementation, 90 weeks of sup-
plementation and 21 weeks posl-supplementation, was constructed. Control of the
supplement consumption was daily observed. Random assignment of workers to the
high-energy supplement (HIES) and the low-energy (LES) groups, was not possible.

Prior to supplementation both groups presented the same characteristics in terms
of age, encrgy intahe level, weight, height, tnieipatal adiposity and daily productivity.
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Little variation was found throughout the time the supplement was consumed by the
HES Group. Energy miake of workers increased significantly in absolute terms in
relation to the LES Group, except lowards the end of the 28 months’ supplementation
period. Energy balance was maintaned by workers throughout the study period.

A time series of the difference in mean productvity of the two supplement
groups (Y;) was modeled using the ARIMA techmques. No auto-regressive term
was present in the Y sencs. The ARIMA (0,0,1) model was fitted and expanded with
different intervention components.

None of the estimated parameters of the intervenlion components were statisli-
cally significant. It was therefore concluded that no abrupt, or gradual and sustamed
energy supplementation effect on productivity was present,.

INTRODUCTION

This paper reports the results of a study carried out fo assess the ef-
fects of long-term cnergy supplementation on the productivity of rural
woikers in Guatemala. Much of the evidence of the effect of deficient
energy intake and nutritional status of wotkers in developing countries
on their productivity comes froin cross-sectional studics. Body compo-
sition parameters have been shown to be associated with woik perfor-
mance in different occupational groups and in different settings (1-5).
Physical working capacity of rural workers in developing countries,
particularly of sugar-cane cutters, appears to be positively associated with
their daily productivity (2, 6, 7).

There is litile empirical cvidence relative to long-term energy sup-
plementation and its impact on worker productivity. An earlier study in
Guatemala retrospectively demonstrated significant productiity differ-
ences in groups of agricultural workers after one group had been supple-
mented for two-and-a-half years (5). However, the productivity levels of
both groups before supplementation in one group was started,were not
known. Two small groups of rice farmers in India who were maintamed
on daily energy intake levels of 3,000 and 2,400 Kcal, respectively, show-
ed no difference in work performance after 90 and 112 days (8). A
recent study with rural road woikers in Kenya reported a mean increase in
daily productivity of 12.59/o after an aveiage of §3 days of cnergy sup-
plementation, an increase which was only statistically significant at the
0.10 level (9).

The issuc as to under what conditions (if any) energy supplementation
results in higher worker productivity dircctly relates to the measurcment
of functional conscquences of marginal malnutrition (10), and to the
definition of energy requirements for economically active population
groups. A great deal of additional evidence will be required, however,
before specific pronouncements can be made.

MATERJIAL AND METHODS

The study setting, research design and supplementation program have
all previously been descnbed in some detail (11). Two groups of resident
sugar cane cutters who worked on the same plantation were included in
the study. The sugar cane harvesting season is normally extended from the
middle of November until July. During this period the workers cut and
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loaded cane and were paid a piece raie per ton of canc delivered. They
decided on their own workmg hours during cane harvesting when work
availability is generally unrestricted. A food ration was earned in addition
fo the monectary wage for cach day worked. The wotkers were long-term
residents of two plantation communities. Both groups of workers were
consistently assigned to separate cane fields. Because of withingroup
interaction, worhers could not be i1andomy assigned to a high-eneigy
supplement (HES) group (n = 95) and a low-energy supplement (LES)
group (n = 63). The non-random assigninent of woikers to erther group
may potentially posc a threat to the internal validity of the research
design.

The high cnergy supplement consisted of a bottled, orange-flavored
soft drink which was dclivered 11 times a week twice a day Monday
through Friday, and once on Saturday. When consistently consumed,
supplementation provided 550 Kcal/day over a secven-day period. The low
energy supplement was identical in appearance, but was sweetened with a
Iow caloric synthetic sweetencr, and provided 24 Kcal/day over a whole
week. Each supplement contained vitamm A (3.7 mg/350 ml) and vitamin
C (16 mg/350 ml). The experiment was conducted in double-blind fash-
ion. Both supplements were offered at no charge to the workers with a
high acceptance of both throughout the supplementation period. The
program \was started in Apiil 1974 and was terminated 28 months later
(August 1976).

Data collection was initiated in January 1974, and for certain data,
did not {erminate until May 1977. The productivity data (tonnage of
sugar cane cut and loaded) were obfained from company payroll records,
and cover (a) a pre-supplementation period of 48 weeks (for which data
were retrospectively obtained); (b) the supplementation period of 90
weeks, and (c) a post-supplementation term of 21 weeks. Daily sup-
plement intake by each worker was continuously monitored, and sup-
plements were consumed under direct supervision of project staff at about
8:00-9.00 a.m and at 12 noon. Periodically, the dietary intake of the
workers was obtained using the one-day recall method. Anthropometric
measurcments (body weight, height, mid-upper arm and leg circumfer
ences, and triceps skinfolds) were also periodically taken.

Rigorous statistical techniques to analyze time scries data have re-
cently been developed. Refeience is made to a class of stochastic process
models called Auto-regressive Integrated Moving Average or ARIMA
models originally developed by Box and Jenkins (12). A comprehensive
treatment of these models may be found in McCleary and Hay (13). The
general approach is to estimate the process that undeilies the data scnes,
and to analyze the auto-regressive, integrated and moving average com-
ponents of the model. Next, impact assessment modcls can be defined to
analyze whether: (a) there was an abrupt shift m the scries at the time the
intervention was introduced, (b) a gradual and permanent shift, or (¢) a
gradual and temporary shift. The ARIMA technique has the advantage
over regression analysis in that if the scries represents a stochastic process
rather than a trend, the latter technique can lead to incorrect conclusions
about the impact of the intervention.

We first analyzed statistically the cffect of encrgy supplementation
on the fotal cnergy intake of the HES Group workers during the complete
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supplementation period. Next, the time series of the productivity data was
submitted to the ARIMA technique to estimate the underlying stochastic
process as explained above. In order to confirm our interpretation of the
pattern of auto-correlations and partial auto-correlations as to the stochas-
tic process, a second techmque recently developed by Pandit and Wu
was applied (14). This technique does not rely on curve fitting, but in-
stead uses a rciterative process to estunate an nth order differential equa-
tion which completely describes the dynamic system that underlies the
data serics. We used the sub-reutine BMDP2T of the BMDP Statistical
Package to estimate the parameters of the ARIMA models herein pre-
scented.

RESULTS

General characteristics of the workers have been previously reported
in some detail (11). Their median age was 31 yr with a range of 17 to 73
years. Mean height was 153.5 (SD £ 5.6) cm, mean weight 53.3 (SD %+ 5.9)
kg and mean daily energy intake 2,951 (SD £ 689) Kcal prior to supple-
mentation. Triceps skinfolds ranged from 2.7 to 11.8 mm, with a mean of
4.7 (SD % 1.6) mm which is below the fifth percentile of norms reported
by Frisancho (15), thus providing further evidence of low energy stores
in these workers. Mean daily productivity before supplementation was
1.22 (SD = 0.14) tons with a range of 0.90 to 1.55 tons/person/day which
was low compared to daily productivity levels notified for sugar cane cut-
ters in other developing countiies (2, 4, 6, 7). These workers were thus
generally lean and muscular and demonstrated low daily productivity
levels. The two supplement groups were well matched before the sup-
plementation programn was started. There were no significant differences
in mean age, mean daily energy intake, mean height, weight and triceps
skinfold, and mean daily productivity (Table 1). Mean daily energy intake
pe1 kg body weight did not differ significantly between the two groups.

Throughout the supplementation period, there was httle inter-tempo-
ral variation in the median supplement intake in the HES Group (Figure
1). The median supplement intake as per cent of the total times offered
was 91.80/o for the 1973/74 harvest period, and 90.9%/o and 91.79/o
for the 1974/75 and 1975/76 harvest period, respectively. Half of the
HES Group wotkers consistently obtained at least 500 Kcal/day from the
supplement during each harvest period. Thus, any significant variation in
net increase in daily energy intake of the HES Group during the sup-
plementation period was most likely the result of a significant change
in home energy intake.

Previously presented results for the first half of the supplementation
period demonstraied that a net mcrease in total energy intake of the HES
Group resulted with some substitution far home cnergy intake. Averaged
over this period, the net increase amounted to 300 Kcal/day (11). Dietary
intake surveys were conducted during the 19th, 22nd, 24th and 27th
months of supplementation (Figure 2). The increase (over-presupplemen-
tation levels) n total encrgy intake by the HES Group workers remained
significant during the 19th and 22nd supplementation months, but de-
creased to zero during the last months. No significant diffcrences in
changes in total energy intahe between the two groups occurred during
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TABLE 1

SAMPLE CHARACTERISTICS OF THE TWO SUPPLEMENTATION GROUPS.
PRE-SUPPLEMENTATION PERIOD

(X SE)
Iigh Energy Supple- Low Energy Supple-
ment (HES) Group ment (LES) Group
Sample Charactenistic (n = 95) (n = 63)
1. Age(yr) 355 344
(1.2) (1.3)
2. [DEnergy miake (Keal 24 hr) 2,899.0 3,048.0
(88 0) - ({105 0)
3. Body weight (kg) 535" 526
(0.9) (0.9)
4. Height (cm) 159.0 160.4
(0.9) (0.9)
5. Triceps skinfold (mm) 4.8 4.0
(0.2) (0 3)
6. Sugar cane cul and Joaded 123 1.21
(ton/person/day) (0.02) (0.02)

197304 197475 197576

Fortnights

AVERAGE FOR HARVEST PERIOD cecrnacomamn

FIGURE 1

Median time supplement was consumed as per cent of total time
offered fortnight — lIES Group workers
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FIGURE 2

Tofal energy intake during selected supplementation months,
expressed as per cent of pre-supplementation intake levels,
by supplement group

the 1975 /76 harvest season ( = supplementation months 22, 24, and 27).

Periodic measurements of body weight and triceps skinfold were faken
in order to momtor whether the BES Group workers maintained energy
balance during supplementation relative to LES Group workers. The lat-
ter group demonstrated more inter-temporal variation in body weight
than the HES Group (Figure 3). With the exception of weight measure-
menis at 21 months, theie were no significant differences in mean weight
changes between the two groups. The mean increase in body weight of
the HES Group woikers during the 13th and 18th supplementation
months amounted to 2.1%/o ( = 1.1 kg) and 2.5°/o ( = 1.3 kg), respec-
tively. Supplementation months 6 and 18 fell in between harvest periods,
when work availability was restiicted.

Skinfold measurements have a greater inherent error than weight
measmements, a fact which may account for the greater inter-temporal
variation in the former. The triceps skinfold measurements taken during
supplementation months 3, 13 and 25 showed decreases, especially among
the HES Group workers. The loss in tricipital adiposity reflects most
likely the intensification of cane harvesting activitics towards the end of
the harvest period. Neveitheless, the magnitude of the absolute changes
in the skinfold measurements is so small, that they arc not reflected in
the body weight measurements. In any event, none of these data provided
evidence that there was a consistent pattern of incrcased energy stores
with supplementation among the HES Group workers.

We conclude that up to the 22nd month of supplementation the IIES
Group workers significantly increased their total energy expenditure level.
During the last months of the supplementation period, the Ievel of substi-
tution of encrgy from the supplemcnt for home energy intake approx-
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FIGURE 3

Body weight and triceps skinfold during selected supplementation
months, expressed as per cent of pre-supplementation
levels

imated 1000/o. The total energy intake by both groups returned to ap-
proximate pre-supplementation levels at the end of supplementation

The productivity scrics fot the two supplementation groups during
pre- and post-supplementation are presented in Figuwie 4 The observations
represent group means of daily output calculated over weekly periods.
Visual inspection of the graph sugeests that. (a) during the 1972/73
and 1973/74 harvest secasons the IIES Group mean exceeded the LES
Group mecan as often as the opposite was true, (b) during the 1974/75
harvest the LES Group mcan more often exceeded the HES Group mean,
while the jeverse was true during the 1975/76 harvest secason. Observa-
tions during the post-supplementation pertod are further excluded from
the time-senes analysis because there are too {ew data points to provide
a valid test of the eftect of withdrawal of the supplements on pioduc-
tivity.

In applymng the ARIMA time series techniques, the LES Group means
were substracted from the HES Group means to generate onc single
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series (Y¢)? . The analysis then proceeds in two steps: first, we modcled
the underlying process of the serics, and then determined whether cither
a shift or an asymptotic change took place in the seues at the time the
supplements were introduced. A number of assumptions are made. 1)
both groups did not significantly differ prior to suppiementation in at-
tributes (age, body composition, encrgy intake), which was indced the
case, as pieviously stated; 2) the productivity of both groups was affected
in the same way by extraneous factois over the mcasurement period, a
weak assumption, and 3) the underlying process of the two group scries
is the same (in which case the Y¢ scries 15 a direct function of the differ-
ence gn the random errors assumed to be normally distributed in the two
series).

——LES GROUP
~——HES GROUP
» POST
o Frag-supnameu‘mﬂou— I SUPPLEMENTATION TORILEN
Eu

g v
i 77
“»
w W wrans WINTS e
FIGURE 4

Mean daily supply of work uniis (tons of sugar cane) of the
fwo supplement groups during pre-and post-supplementation
(fve-week moving average)

In order to establish a pie-intervention base, the Y; series for the pre-
supplementation period was modeled by the Box-Jenkins approach (12).
Examination of the auto-correlation and partial auto-correlation patterns
in the Y series suggested a moving average model The absence of any
auto-regressive terms in the Yy¢ series became clear when examining the
R-S array and the pattern of generalized partial auto-correlations This
model specification was later confirmed when applymng the systems
dynamics approach to process identification of Pandit and Wu (14).
Thus, the ARIMA (0,0,1) model was {itted:

Yy= e — Gepy (1)
or Yta (1 —OB)e (2)

7 The alternative would have been to analyze solely the HILS Group scrics, since
software to test for staustical differences in the underlying process and in the
impact of an intervention on two diffcrent but comparable series, is not available,
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where,
Yy = CANE;hes — CANEles tu 1,..48
CANE = weekly group means of canc/day (tons)
©, = the 1! moving average prameter
B = ithe backward shift operator
ey = the i!h random shock of & white noise process

The moving average paiameter which was estimated was statistically sig-
nificant. The ARIMA (0,0,1) modecl is then.

Y= e — (—4303)e;q ()

The standard error of © is .1334, and the t-statistic cqual to —3.22 (p <
01). The residuals after fitting the model were white noise ( = serics of
normally distributed, independent random shocks)®.

The next step is to apply the intervention analysis, by introducing
an intervention component into eq. (1). The model was estimated with
three different intervention components which ftest for: (a) abrupt, per-
manent change, (b) gradual, permanent change, and (¢) abrupt, temporary
change The impact assessment models were estimated for the whole sup-
plementation period (t = 88) as-well as for the first half of this peiiod
(t = 48) because of the insignilicant supplemeniation effect on the total
encigy intake of (he HES Gioup during the second half, The results did
not differ statistically. The results for the fust half of the supplemen-
tation period are herein presented.

Abrupt, permanent change. The zero-order transfer function is the
firg impact assessment model which was estimated. The model s

Yt-et—eet—]_ +‘-00 (lt) =1 96 ()

where.

wo(lt) = the intervention component, with I = 0 when t < t,, and
l{ = 1 whent 2 1{,; where t, equals the pomt 1n time when the energy
supplementation program was infjoduced.

The parameter wg is the Ot order input parameter which tests for
an abrupt and sustained change in the level of the process A statistically
sipiuticant estimate of wy is evidence of an immediate supplementation
cifect on the mean productivity of the HES Group. The paiameters of
the model weie estimated as:

e 2286, SE: .1004; t-statistic: —2.27 (p < .02)
t),: —.5385, SE:.6710, t-statistic: —0.80 (p > .20)

8 Unless the underlying model is non-hncar and we have misspecified the modcl.
We examined for non-incarity in the model applying a technique wherehy the
model residuals are squared and auto-correlatcd. No non-hinear patterns coukl
be detected. Yor further discussion on non-lincar modcls sce Granger and An-
derson (16).
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With the w parameter cstimated to equal zero, no immediate and positive
supplementation effect was present,

Gradual, permanent change. A first-order transfer function, which
tests for a gradual and sustained supplementation effcct was estimated
next. This impact assessment model is specified as:

Wo
Yl =Ct— @et_f ( 5 B) at) (5 )
- o1
t=1,..96

where:

81 = the first-order output parameter, with —1 <87 < 1.2, Thus,
wo and & | are the parameters of the intervention component of the
model to be estimated. When the model was fitted to the present Y
scries, the following parameter estimates were obtained

©. - .2245; SE: .1016, t-statistic —2 21 (p < .02)
Wyt —2 10566, SE. 3.5017; t-statisic —0 60 (p > .25)
81t — .3706, SE: 14227, t-statisticc 0 26 (p > .50)

With & 1 equal to zero, eq. (5) becomes equal to eq (4), and with
equal to zeio, the intervention component of the model equals zero No
gradual and sustamed supplementation effect on the mean productivity
of the HES Group can thus be demonstrated.

Abrupt, temporary change. The last intervention model tested was:

Yp= ¢ — (—)et_f % (1-B)l; (6)
(1~ &8

with all the paramecters defined as befoic. The paramcter estimates are
as follows

©: — 2262, SE: .1004, t-statistic: —2.25 (p < .02)
Wo: —25942, SE: 3 080, t.statistic. —0 84 (p > .20)
Sy 5144 SE. .7311,tstatisticc  0.71 (p > .25)

Thus the infervention component of the model is equal to zero, and no
abrupt and temporary shift m the Y¢ series was present,

DISCUSSION

Findings may be summarized as follows. The encrgy supplementation

9 Thecloser § 1 is to unity, the slower the asymptotic change takes place.
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program was effective in significantly raising the total encrgy intake of
the HES Group workers, except towards the end of the program, The
evidence further suggests that the workers gencrally maintained energy
balance, and that the HES Group workers mitially increased their total
cnergy output, Under conditions of incentive wages an ummediate or a
gradual and permanent inciease in the daly productivity of the HLS
Group workers would be expected. Either impact pattern could not be
demonstrated over an exiended period of energy supplementation.

We have previously speculated as to the reason(s) why an cffective
increase in daily energy intake did apparently not result in higher pro-
ductivity among these workers (17). Possible reasons include: (a) pur-
poseful behavior on the part of the workers to avoid sctting a precedent
of higher productivity level given the short-term natwie of the study;
(b} measurement errors in the estimates of energy intakes of immdividuals
in part due to day-to-day variation in food intake, so that the actual
increase in energy intake of the HHES Gioup was less or equal 1o zero;
(c) prior to supplementation, the study subjects existed on energy in-
take levels above the aveiage for Guatemalan agricultural woikers, and
thus, were not rcpresentative; (d) the nonrandom assignment of workers
:jo the two supplement groups which introduced a wcakness in the study

esign.

We heavily discounted reasons (a), (b) and (c) as vahd explanations.
Post-supplementation interviews revealed that the majornity of the woikers
felt that no minimum work load was imposed upon them. The one-day
recall method has been shown to provide vahd and ieliable mean es-
timates of energy intakhe, and measuiement crrors can be assumed to have
affected the mean cnergy intake cstimates over time the samme way. The
fact that energy supplementation of the IIES Group did not imitially
result in 1002/o substitution of supplement energy for home energy
intake, suggests that these workers were at least marginally cnergy defi-
cient. Reason (d) given above, does provide a2 rival hypothesis so that the
cffect of energy supplementation was confounded by the effect(s) of cx-
trancous factors. The ARIMA time seric analysis just presented does not
control for extrancous variables. Multivaiiate ARIMA models have been
derived which would allow the introduction of extraneous vanables (13).
Nevertheless, at present we lack the computer software required to
estimate these models.

Clsewhere we have argued that functional parameteis such as worker
productivity must be mncluded when diagnosing marginal energy-protem
malnutrition (10) The results from this study demonstrate that cven
though a nutntion infervention has the expected b.ological outcome, the
impact on certain functional parameters is unceitain, as biological pro-
cesses inferact with behavioral and enviionmental factors. For example,
workers’ motivation, managenial and organizational factors as well as
the workers’ relative preferences for leisure versus income, may have
resulted in workers expending the additional energy in after-wotk activ-
itics. This in tum calls for a broader definition of productivity to include
performance in work and non-work actwitics when assesing the functional
consequences of improvements in encrgy intake levels and nutritional
status.
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RESUMEN

EFECTO DE LA SUPLEMENTACION ENERGETICA SOBRE LA
PRODUCTIVIDAD DE TRABAJADORES AGRICOLAS:
UN ENFOQUE LONGITUDINAL

Se llevd a cabo un programa de suplementacién energética de largo plazo para
determinar su efecto en la produclividad de irabajadores agricolas en Guatemala El
programa suminisiraba, sin costo alguno, una bebida embolellada, sabor a naranja,
baja en calorias (24 Kcal) y alto en calorias (350 Kcal), a2 dos grupos de cortadores
de caiia, residenies permancnies de una finca situada en 1a costa Sur del pais.

Previo a, y penodicamente a {ravés de la implementacién del programa, se re-
coleclaron datos relacionados con la ingesta energética y de antropometria. A través
de dalos obtenidos de plantllas de trabajo, se construyé una serie longituding de
productividad promedio (tonelaje de cana cortada y cargada por dia), que cubrié 48
semanas de pre suplementacién, 90 semanas de suplemeniacién y 21 semanas post-
suplemenlacion Dianamente se lievé un control del consumo de suplemento. No fue
posible la asignacion al azar de trabajadores, a! grupo que recibio ¢l suplemento alio
en calorias (1IES) y al que consumia el suplemento bajo en calorias (LES).

Previo a la suplementacion, ambos prupos acusaron las nusmas caracteristicas
en {érminos de cdad, nivel de ingesia cnergética, peso, talla, adiposidad (ncipital y
productividad diaria. Se enconlré poca vanacion a lo largo del tiempo en cuanto al
consumo del suplemenio por el grupo HES Su mngesta energética aumentd significa-
tivamente en {érminos absolulos y en relacion al grupo LES, salvo a finales dcl pe-
riodo de suplementac:on de 28 meses, Los frabajadores de ambos grupos se mantu-
vieron en balance energético durante la suplementacion.

Se construyé una serie longitudinal de la diferencia en productividad media de
ambos grupos de suplemento (Y}, serie que fue modclada sigmiendo la téecnica anali-
tica denominada ARIMA (auto-regresiva, imicgrada, promedio mévil). Se enconiro
que el modelo escolistico mejor representativo de la serie era el del promedio mévil
porgue no habia ningin término auto-regresivo. El modelo ARIMA (0,0,1) se «4justd
y fue amphiado con diferenies componentes de intervencion.

Los resuliados revelaron que ninguno de los parametros de los componentcs de
intervencion csliniados eran cstadisticamente significativos. Se concluyé, por lo tanto,
que la suplemenlacion cnergética no tuvo ningin efecto sobre la productividad, ya
fuese repentino o gradual y sostenido.
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