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I. Introduction

The University of North Carolina at Chapel Hill and the Institute
of Nutrition of Central America and Panama have cooperated in an Agency
for International Development sponsored project on "Food Wastage/Sani-
tation Cost-Benefit Methodology." The project was directes to the study
of the environment (water supply, sanitation), the impact of health education,
diarrheal morbidity and food wastage (through intestinal malabsorbtion)
and the relationships between these variables.
The contract with A.I.D. requires the contractor to develop, field
test and prepare a manual describing a methodology which could be utilized
to determine the economic relationship between different levels of improved
environmental sanitation and the waste of food energy. The waste of food
energy was determined by measuring the efficiency of absorption of food
in the intestinal tract. This was expected to be related to the prevalence
of those intestinal diseases which are transmitted under unsanitary conditions.
Three major reports are required to describe and give the findings
of the several phases of the project. These include:

a) A Methodology Report which describes the background of the project,

the design of the field trial, and presents a detailed description of the
methodology that has been tested in two Guatemalan rural communities.

The Methodology Report has been prepared along with an appendix containing

the forms used in the project and detailed protocols. The draft Methodology
hegort (August 31, 1977) is available, A final edited version will be ready

by March 31, 1978.
b) A Report of the Scientific Results of the Field Trials. This

report includes the details of data analysis and the results of the field



studies with their interpretation.
c) A final Report on the Significance of the Findings to planners

in Guatemala and other Less Developed Countries, as well as a manual
describing a simplified methodology for future studies in the LDC's,
is in preparation.

This report on the scientific results of the field trials has two
cbjectives:

1) To provide a detailed presentation of the data and results of the
field trials.

2) To test the methodology that was used in the study and which
will provide the basis for evaluation and development of a simplified or
alternate methodology. This objective will be dealt with in the final
report of the study scheduled for June 30, 1978.

The first objective is oresented here and should be considered in
light of the constraints and methodological limitations which existed in
the field. A current evaluation of the problems inherent in studying water/
health relationships are discussed in the Report of an Expert Panel on
“Measurement of the Health Benefits of Investments in Water Supply" to the
1.B.R.D. (Jan 1976).

Those readers who seek data which establishes a linkage between water
supply and sanitation on one side and a decrease in diarrheal disease and
improvement in intestinal absorption on the other, will be disappointed.
However, significant guides for future studies and insights into the dynamics
of morbidity, malabsorption, and health behavior modi fication which flow
from improvements of water supply and sanitation are presented.

The possibility and limitations of using field studies to determine

outcomes in specific objectives such as the economic relationship between



different levels of improved environmental sanitation and waste of food
energy are made clearer through these field trials. However, the over-
riding conclusion, which should be considered in any future studies,

is to approach these complex questions through more limited studies in
which the time frame is compatible with the objectives. Further, biological
linkages should be experimentally established outside of the context of

any such study. In sum, four years of field trials are not sufficient to
measure the social and biological changes which might result in an improved
healthgitatus. The relationship between malabsorption and water supply will
not be demonstrable until the 1inkage between water supply/diarrheal

morbidity/malabsorption is established.



I1. Village Comparisons

The environmental and demographic characteristics of the two study
villages, Guanagazapa (experimental) and Florida Aceituno (control),
were not static during the forty-two month study. The principal ohjective
for using a control village was to track internal and external changes in
health status, behavior and the community environment which presumably
would have occurred even in the absence of any large scale intercession.
in addition to expected changes over time, the mere presence and activities
of the study staff could have stimulated some of the changes. Measurement
of both physical and behavioral changes were part of the study design in
the experimental village.

Historical and geographical characteristics of the two villages were

given in some detail in the Methodology Section (volume 1) of the report.

Demography
A monthly census was used to quantify the population dynamics in

each village. Detailed census information is presented in the Appendix.
The population of both villages by family, age category and sex at the
beginning and end of the study period is given in Table II.1. These
statistics illustrate the demographic comparability of the two villages.

TABLE II.1
Village Populations by Age and Sex

Guanagazapa Florida Aceituno
Characteristic May 73 August 76 May 73 August 76
0 - 1 years 45 42 37 52
1 - 7 years 203 218 170 199

7+ years 769 837 656 755

Number of males 528 566 469 535
Number of females 489 531 394 an
Number of families 202 238 199 210

Total population 1017 1097 863 1006



Family size is a variable which has implications for computing
crowding statistics, changes and needs in household sanitation;
and the relationship to disease incidence. A significant rela-
tionship between family size and morbidity was observed. This relation-
ship will be examined in some detail in a later chapter. The family structure
of the villages is presented in Table II.2.
TABLE I1.2
Village Population by Family Size in May 1973

Number of Families Present

Family Percent Percent
Size Guanagazapa of Total Florida Aceituno of Total
1 19 9.4 16 8.0
2 17 8.4 34 17.1
3 28 13.9 37 18.6
4 27 13.4 29 14.6
5 24 11.8 25 12.6
over 5 87 43.1 58 29.1
Total 202 100.0 199 100.0

The populations in these villages were more mobile than was antici-
pated (Figures II.1 and II.2). Some of the mobility in Guanagazapa
can be explained by the absence of adult males for extended periods for
occupational reasons. However, there was also considerable in and out
migration. This mobility may have implications, particularly in Guanagazapa,
for the reporting of disease incidents and on the impact of environmental
exposures such as water quality and household sanitation. Figures II.1
and 11.2 give the dimensions of these population dynamics. No attempt

was made in this study to determine why an individual or family moved



FIGURE II.1
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FIGURE 11.2

Dynamics of Births, Deaths and Migration in Florida Aceituno
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in or out of these villages.

Birth and death rates have been widely used in the health compari-
son of communities, regions and nations. Some vital statistics vrom the
two villages for the years 1974 and 1975 are given in Table II.3.
Meteorology

Guatemala has a rather uniform rainy-dry seasonal cyclie. The rainy
season is May through October and the dry season is November through
April. There are, however, monthly and daily fluctuations within the
monthly seasonal cycles. Rainfall was an interesting variable because
other investigators have suggested that morbidity, particularly diarrheal
disease, is seasonally related. Rainfall data for the years 1972-1975
is shown in Tables II.4 and II.5.

TABLE II.4
Amount of Rainfall (Millimeters)

Guanagazapa Florida Aceituno
Month 1972 1973 1974 1975 1972 1973 1974 1975
Jan 0 0 20 0 0 0 20 10
Feb 0 0 0 0 20 0 10 10
Mar 10 0 90 0 30 0 100 0
Apr 80 150 50 90 180 110 10 50
May 430 220 400 260 310 390 330 390
June 330 610 560 250 370 420 570 210
July 190 290 180 190 290 280 200 400
Aug 130 520 110 340 190 470 290 300
Sept 210 400 450 630 210 360 610 660
Oct 330 500 120 340 240 470 180 390
Nov 190 70 20 220 140 80 40 180
Dec 0 0 0 20 0 30 20 40

Total(in.) 75 108 79 92 78 103 94 104




Vital Stati

stic

Crude death
Crude birth
Infant Mort
Vital index

rate
rate
ality rate

Vital Statistics from Guanagazapa and Florida Aceituno

TABLE II.3

Compared to Countries in the Americas

Guanagazapa
1974 1975
9.9 10.8
46.5 37.1
0.0* 97.6
4700.0 3417.0

Florida Aceituno

17.6
54.9
60.0
3125.0

1974

1975

12.3

fuatemala
1972

16

42.0

24.3
2416.7

46
89

Mexico
1972

10
44
64

Panama
1972

10
42
43

United States
1972

9.5
17./
21.0

*
The infant mortality rates in these villages are based on very few infant deaths. Infant deaths 1in

Florida Aceituno were: 1973-2; 1974-3; 1975-1 and in Guanagazapa: 1973-3; 1974-0; 1975-4.

Key:
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Crude birth rate
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Vital index =
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total live bi
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total populat

Jon 1000

X 1000
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TABLE II.5
Average Number of Days with Rainfall, 1972-1975

(Rainfall Millimeters)

Month Guanagazapa Florida Aceituno
January 0 1
February 0 1
March 1 3
April 5 6
May 15 18
June 17 19
July 13 15
August 15 20
September 19 | 20
October 16 ' | 18
November 6 7
December 0 1

Village Economic Status

Economic studies in these two villages were initiated in April
1973 and terminated in September 1974. Four indicators (total hours worked,
total energy expenditure, gross individual income, days of no economic
activity) were chosen to provide a community economic profile. The studies
were intended to determine the impact of changes in water usage and improved
sanitation on the economic status of families in Guanagazapa. However,
these studies were terminated on the recommendation of an external review
commi ttee.

Adult males in Guanagazapa were generally employed on coffee plantations
and those from Florida Aceituno on sugar plantations. There was very little
(15% or less) employment in non-agricultural occupations. The average
number of hours worked per two week period during the harvesting season

was 93 (¥ 29) for Guanagazapa workers. The harvesting season varies



n

with the crop grown and the annual rainfall. The mean gross income per
worker for a two week period (August 1973-September 1974) was slightly
higher in Fiorida A:eituno ($17.42 } 9.55) than in Guanagazapa ($12.81
: 9.05). The gross income includes monetary jncome from agricultural
and nonagricultural employment but excludes income from agricultural
self-employment (sale of crops) and net income from property (real and
financial).

The economic data, though limited in scope and based on a relatively
small sample, indicated less unemployment, a higher gross income and
more land ownership in Florida Aceituno than in Guanagazapa. The
methodology report (Chapter II) provides further information on the study
communities including detailed descriptions of the villages, ethnic

origin of the villagers, occupational patterrs and literacy.
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III. Morbidity

Morbidity data was collected in both viliages during each month
of the study although several months were missed. For instance, field
work was not done in December because of the holiday patterns in

Guatemala. A two-week recall method was used (see Methodology: Volume

1). Therefore, the data and analyses presented here cover only two
weeks of each month and is subject to all the limitations of recall
information, including problems of time and of the respondents knowledge
of the family health status.

Total morbidity was not significantly different in the two villages
(Tables III.1 and II1.2). Hhat appears to be a higher total morbidity
and diarrheal morbidity in the first six months of the study (season 1)
can only be interpreied as an observer effect due to the newness of the
experience for the villagers.

TABLE III.N
Total Morbidity by Season

Total Morbidity/Fortnight/1000 Population*

Season**
Village IR 2 3R 4 SR 0 R
Guanagazapa 153 123 186 133 130 107 124
Florida Aceituno 170 134 144 126 163 145 155

*Incidence computed on two-weeks experience in each month. The true
incidence will be higher than this for an entire month.
**R: rainy season (May-October); D: dry season (November-April).

Diarrheal and respiratory illness, skin infections and infectious diseases
were selected for detailed analysis. Respiratory illness and diarrhea

accounted for 67% of the total morbidity in Florida Aceituno
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and 68% in Guanagazapa. Skin infections and respiratory disease were
seen more frequently in Guanagazapa while malnutriti~a and chronic

diseases occurred more often in Florida Aceituno.

TABLE III.2
Total Illness by Disease Category

Total Morbidity (May 1973-August 1976)

Florida Percent Percent
Disease Category Aceituno of Total Guanagazapa of Total
Eruptive and viral 72 1.5 161 3.1
Trauma 132 2.7 119 1.8
Skin infections 181 3.7 439 8.6
Respiratory 1633 33.5 2096 40.8
Anemia 92 1.9 77 1.5
Digestive(1) 139 2.8 173 3.4
Malnutrition 390 8.0 188 3.7
Infectious 572 1.7 458 8.9
Chronic and subchronic 23 0.5 4 0.1
Diarrhea 1647 33.7 1414 27.6
Total 4881 100.0 5129 100.0
Person Months 32831 372

(1) Excluding diarrhea.

There was significant monthly variation in the illnesses being
monitored (Tables II1.3 and III1.4). For a single individual, it can
not be assumed that the two week recall each month represents exactly
50% of the incidents of illness during that month. The "true number
of illnesses" in any given month for an individual may be less than

or more than twice the incidence recorded by the field staff. Doubling
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the average community rate reported should be reasonably close to the

vtrue rate" of 1llness.

TABLE III.3

Mean Seasonal Morbidity Rates for
Selected Diseases in Guanagazapa

Mean Morbidity Rate/1000 Population (1)

1nILT$a1 Diarrhea Respiratory Skin Infectious (2)
season 1 (R)(¥) 82.4 17.2 24.0 3.0

2 (D) 39.7 53.8 12.5 3.5

3 (R) 33.3 109.4 12.4 16.6

4 (D) 23.3 69.6 7.7 10.0

5 (R) ' 28.2 34.4 8.6 37.1

6 (D) 27.8 53.9 10.1 1.6

7 (R) 39.5 52.7 8.1 4.3
Total (Std. Error) 38.3(1.00) 56.7(1.20) 11.9(0.56) 12.4(0.58)

(1) Rates computed on two weeks experience in each month.
(2) Infectious diseases: conjunctivitis, otitis.
(3) Rainy season (May-October); Dry season (November-April).
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TABLE III.4

Mean Seasonal Morbidity Rates for Selected
Diseases in Florida Aceituno

Fean Morbidity Rate/1000 Population

InI;TSal Diarrhea Respiratory Skin Infectious
Season 1 (R) 98.5 12.2 9.6 26.4

2 (D) 59.2 38.0 4.6 7.7

3 (R) 40.5 68.5 2.3 11.9

4 (D) 39.4 55.5 4.6 13.4

5 (R) 38.2 55.3 6.2 32.4

6 (D) 40.6 49.3 5.1 11.9

7 (R) 47.1 62.0 6.8 12.9
Total (Std. Error) 50.4(1.21) 49.9(1.20) 5.5(0.41) 17.5(0.72)

There was an apparent epidemic of respiratory disease in Guanagazapa
during the rainy season of May to October 1974 (Season 3). The etiology
is not known, nor were there any attempts to determine etiological agents
by laboratory analysis.

Diarrhea

No cases of typhoid or cholera was seen in either of the villages.
Salmonella and/or shigella cultures were done ona sample of the population
and were infrequently isolated from individuals with diarrhea. The
laboratory tests were not intended to confirm a diagnosis and the
etiology of most diarrheas was not established. No laboratory tests
for viral isolations were attempted.

Children in the 1-2 year age group had a significantly higher
diarrheal morbidity rate than other age groups in these populations

(Table 1II.5). This age group represents the period when children
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have been weaned and are beginning to walk extensively. They are likely
to have the highest fecal-oral exposure. Children seven years and under

accounted for 83% of all the diarrhea reported in the total population.

TABLE III.5

Diarrheal Morbidity Rate by Age and Sex

Mean Morbidity Rate/1000 Population]

Age Group Guanagazapa Florida Aceituno Std
(years) Male Female Male Female Total Error
0-1 140.9 99.5 122.4 96.0 113.5 5.68
1-2 204.8 208.8 218.3 225.4 214.4 7.86
2-1 69.9 74.3 121.0 98.¢ 89.1 2.64
7-15 17.8 26.3 35.0 40.5 28.3 1.39
15-30 9.5 13.4 11.3 22.6 13.9 0.88
30-45 15.1 12.8 14.0 30.0 17.3 1.31
45-99 19.3 33.0 18.1 34.2 25.4 1.55

(1) Rates computed on two weeks experience in each of 35 months.

However, adult diarrhea was probably underestimated. Mild diarrheal
episodes in adults were not considered as disease events by the villagers
and often were not reported. Adults who elected to come to the health
post with complaints of diarrhea usually had clinical dysentery with six
to eight bowel movements each twenty-four hours.

Diarrheal disease was not related to sex except in the one year
and under age group where the males had a significantly higher rate than
females (Table III.5). Whether this represents a cultural difference
in the maternal management of infant males and females is not known.

There appears to be a higher incidence of diarrhea in adult females
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but this is probably an artifact due to the fuller knowledge of the
informant (usually an adult female) about diarrheal episodes in the
female family members than in the adult male, who left home each day to work
in the fields.

Diarrheal morbidity was not seasonal in these populations. Diarrhea
did not increase in the rainy season. Even when adjusted for age and
sex, diarrhea was not significantly higher in the rainy season (Tables

I11.6 and II1.7)., However, when all the reference factors, including °

Table III.6

Diarrheal Morbidity Rate by Age and Season

Florida Aceituno

Morbidity Rate/1000 Population
Seasons (thirty-five months)

__uc;t‘geo, IR 20 ki 40 5R 60 ®
0-1 169 92 85 105 93 120 n3
1-7 183 152 1M 929 98 116 135

7+ 55 31 19 18 18 14 19
Guanagazapa

0-1 151 136 96 94 122 139 98

1-7 190 104 93 51 76 69 103

7+ 49 15 13 12 10 10 19

sanitation, were controlled for in the analysis, both infectious diseases

and diarrhea rates were statistically higher (p < .05) in both villages

in the rainy season (see page 79, text and Figures IV.12 and IV. 13).
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TABLE III.7
Diarrheal Morbidity Rate by Village, Sex and Season

Morbidity Rate/1000 Population
Seasons (thirty-five months)

Category R 20 R n R 6D R
Florida 98 59 40 39 38 4 47
Guanagazapa 82 40 33 23 28 28 39
Males 82 45 33 3 32 30 40
Females 98 53 4 3 34 a8 47

Diarrheal morbidity varied with famfly size in both villages.
The rate increased with family size up to a family size of five or
more persons (Table III.8 and III.9). This relationship was not un-
expected since larger families have more persons at risk and
in close contact with an index case. However, an analysis of diarrheal
morbidity rates in families with and without infants (< two years),
did not show a higher rate in adults in those families with children.
This seems to indicate that infants (< two years) were not the usual

source of diarrhea for adults in a family.

TABLE I1I.8
Diarrheal Morbidity by Family Size and Village

Morbidity Rate/1000 Population
_ Number of Persons in Family

Village 1 2 3 4 5 5
Florida Aceituno 26 21 44 54 55 49

Guanagazapa 12 25 35 38 42 35
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TABLE III.9

Diarrheal Morbidity for Families of Five
or More Persons by Season and Village

Mean Morbidity Rate/1000 Population

village iR » R & R R
Florida Aceituno 111 61 39 36 37 4 53
Guanagazapa 91 44 35 17 28 27 42
Village Morbidity

Detailed morbidity data for both study villages is presented in
the Appendix {(page vii). This data covers 32,831 person-months of morbidity
experience in Florida Aceftuno and 37,172 person-months in Guanagazapa.
Respiratory 111ness was the leading cuase of morbidity. This was
followed by diarrheal disease, with childhood diseases (measles,
chickenpox) a distant third. The morbidity profile for both villages
was not unusual since it appeared to reflect the experience of a

free-11ving population with poor sanitation and low family incomes.
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IV. Water and Sanitation

A water supply system was constructed in Guanagazapa (experimental
village) by the Ministry of Public Wworks. Part of the cost was borne
by the project. The construction stavrted in August 1972 and was completed
in September 1973. The disinfection equipment was installed after the
distribution system was on-stream and chlorination began in January
1974. 11 : approximate total cost of construction of the system was
$67,240 or $410 per connection (including a faucet and water meter for
each connection). This estimate is approximate because it was not
possible to compute the exact cost since some of the costs were absorbed
by the Ministry of Public Works and some of the later connections were
made by individual homeowners.

Water was piped into the yard of 103 houses during the original
construction. By May 1976, an additional 61 connections had been made
and at the end of the study 164 houses (65%) were using the new water
system. In addition, 13 houses in the center of the village were using
a small water system which existed prior to the installation of the new
system. The water supplied by the old system was and still is not
chlorinated (Figure IV.1).

After construction, the operation of the system was taken over
by the National Institute of Municipal pevelopment (INFOM). The community
provides a municipal employee who is responsible for bill collection,
system repairs, meter reading and adjusting and measuring residual
chlorine levels. Each family was charged $10 for a connection to the
system and $0.65 per month for quantities of water up to 30,000 liters

(1000 1iters/day). At the maximum consumption rate (30,000 liters),



FIGURE IV.1
Hater Distribution System In Guanagazapa
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this is equivalent to 12¢ per 1000 gallons. The usual water rate in
the United States is 60-80¢/1000 gallons, however, $0.65 represents
3% of the mean monthly income for workers in Guanagazapa. The mean
water consumption in Guanagazapa at the end of the study (July 1976)
was 68.4 liters per person per day (Table Iv.8). Thus, a family of
four would use 273.6 liters per day or 8345 liters per month. At this
usage level, the cost of water would be 30¢ per 1000 gallons for this
family.

Shallow wells were the principal water source in Florida Aceituno
(Table IV.1). These wells were generally of the dug variety with no
casing. The parapet was usually an old automobile tire and no covers

were used. Water was drawn manually by bucket.

TABLE IV.1

Water Sources in Florida Aceituno 1975

Source Number of Families Percent of Families
Family well 98 48
Neighbor's well 47 23
River 19 9
Unknown _4 _20
Totals 204 100

Nine percent of the families in Florida Aceituno carried water
from the river which ran beside the village. The river was also used
for clothes washing and bathing.

Protection of Water Quality

The water distribution system in Guanagazapa was continuously

chlorinated and this was reflected in the high bacteriological quality
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of this water. However, each time a sample was collected for bacteriolo-
gical analysis, the condition of the faucet was observed and the data
recorded. Nineteen percent of the faucets were not properly maintained,
thirty-one percent were leaking and thirty-four percent were dirty
(encrusted with foreign matter). These conditions did not appear to
affect the high quality of the water being delivered to the consumer
(Table IV.5).

An inspection of individual dug wells in Florida Aceituno (control
village) was also made when samples were collected. These wells were
poorly constructed and protected. Sixty percent were without any type
of cover to protect against dirt, insects or other contamination,
seventy percent were not cased and most were curbed with an old automobile
tire.

Domestic water containers in Guanagazapa were not adequately
protected to maintain the high quality of the water provided in the

distribution system (Table IV.2). Sixty percent of the containers

TABLE IV.2

Protection and Water Quality in Household Containers
in Guanagazapa by Season

Percent of Total Examined

Container Container Coliform Bacteria
Season Dirty Uncovered Present
1R 53% 63% 34%
2D 61 86 52
3R 58 84 53
4D n 80 40
5R 90 72 28
6D n 50 29

7R 70 60 49
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examined were dir‘y, twenty-four percent were in poor condition and only
thirty-three percent were covered. These conditions did not improve
over the course of the study (Table IV.2). Water containers in Florida
Aceituno were in worse condition. Seventy-seven percent were dirty

and only twenty-nine percent were kept covered.

Chemical Water Quality

Fifteen water samples were collected from each village during the
study period (1973-75) for chemical analysis. Potable water quality
met all the criteria, except turbidity, of WHO's International Standards

for Drinking Water (1958) and the United States National Interim Primary

Drinking Water Standards of 1975 (Table IV.3). Drinking water in both

villages was "soft", contained few total solids and had a neutral
pH. The well water in Florida Aceituno was, on the average, more turbid
than is desirable.

Bacteriological Water Quality

Bacteriological water quality in both villages was determined using
a field test (Colitester*) and standard laboratory procedure (Standard

Methods for the Examination of Water and Wastewater, 12th edition,

APHA-AWWA-WPCF). Source water quality (wells in Florida Aceituno,
distribution system in Guanagazapa) and final use water quality (domestic
containers in both villages) were measured.

1. Standard Laboratory Analysis

Twenty-one water samples were collected randomly among longi tudinal
sample families in each village during the study period and analyzed

for total and fecal coliform bacteria (Table IV.4).

*Millipore Corporation



TABLE IV.3

Chemical and Physical Hater Quality

Mean Values
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Constituent (ppm) Elgglﬂﬁo Guanagazapa WHO* United States**
Color 3+2 4:5 5 units 15 units
Turbidity 13t28 2+4 5 units 5 units
Total solids 16547 190+43 500 500
Total hardness 69+20 76+28 - -
Carbonate '

alkalinity 4+5 10+14 - -
Bicarbonate

alkalinity 56:18 87+:43 - -
Chlorides (C1) 9+5 3:2 200 250
Nitrates (N03) 2+4 0.4+0.5 50-10L0 45
Sulfates (SO4 1414 158 200 250
Copper .0340.1 0 1.0 1.0
Iron .0710.1 .07%0.1 0.3 0.3
Manganese .01+.03 0 0.1 0.05
Lead 0 0 0.1 0.05
Total alkalinity 5616 95£41 - -
Fluorides .09+.01 .03¢.03 1.0-1.5 1.4-2.4
pH 6.9:0.€ 7.3:0.8 7.0-8.5 -

*permissible standards
**National Interim Primary Drinking Water Standards 1975
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Bacteriological Water Quality

(Laboratory Analysis)

Mean Number of Bacteria/100 ml

Village and Criteria Well

Guanagazapa

MPN (total coliform) -
Range (total coliform) -
Percent satistactory -
o ]
Range (fecal coliform) -

Percent satisfactory

Florida Aceituno

MPN (total coliforam) 1840
Range (total coliform) 23 - 2780
Percent satisfactory 0%
Fecal coliform 1205
Range (fecal coliform) 5 - 2400

Percent satisfactory 0%

Faucet

611

0 - 5420

a2%
484

0 - 5420
75%

Domestic Container

423
0 - 1609
25%
393
0 - 2400
50%

2767
1300 - 9180
0%
1304
79 - 2400
0%
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The laboratory analysis of these samples was used as an external
quality control for the field test method. Duplicate samples analyzed
by both methods indicated that the results were in agreement for 11
samples, questionable for 5 samples and did not agree in 2 samples.

2 Colitester Analysis

The Coli-Count Water Tester (Millipore Corporation, Bedford,
Massachusetts) provides a simple, rapid, field method for detecting
the presence or absence of coliform bactgria in water.

a. Guanagazapa Water Distribution System. Six hundred and ninety-
eight samples were tested. Ninety-seven percent of these samples were
free of coliform bacteria (satisfactory quality). The results are shown
in Table IV.5. These results demonstrate the high quality of water

delivered to the homes connected to the distribution system.

TABLE IV.5

Bacteriological Water Quality in Guanagazapa

Distribution System Hater
Colitester Analysis (faucet) Container
Number of samples 698 753
Percent satisfactory (no coliforms) 97.3% 65.2%
Samples with 1<5 coliform/100 ml 15 142
Samples with >5 coliform/100 ml 4 120

b. Guanagazapa Domestic Water Containers. The use of domestic
water containers decreased in Guanagazapa over the period of the study.

It became more convenient to go directly to the faucet in the yard and

collect only the amount of water which was needed for a specific use.
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Seven hundred and fifty-three samples were analyzed and sixty-five
percent contained no coliform bacteria (Table IV.5). When water
containers were used -the final use water, i.e., stored in a container
in the home - was of a lower bacteriological quality than that in the
distribution system. This contamination could have resulted from using
a dirty container, from the air or from human sources (Table 1V.2).
One objective of the sanitary education program was to improve final
use water quality (Chapter V).

c. Florida Aceituno Well Water. Five hundred and five samples
were tested. Forty-eight percent of these samples were free of coliform
bacteria (Table IV.6). Source water quality in Florida Aceitunn was
generally unsatisfactory. This correlates well with the poor construction

and protection of individual wells in this village.

TABLE IV.6

Bacteriological Water Quality in Florida Aceituno

HWater
Colitester Analysis Well Container
Number of samples 505 875
Percent satisfactory (no coliforms) 48.3% 40.6%
Samples with 1<5 coliform/100 ml 133 206
samples with>5 coliform/100 ml 97 314

d. Florida Aceituno Domestic Water Containers. Eight hundred
and seventy-five samples were analyzed and fifty-nine percent were
positive for coliform bacteria (Table IV.6). Even though only 52%

of the well samples contained coliform bacteria, 59% of the samples

from domestic containers were contaminated. This substantiates the



data from Guanagazapa that the containers were a source of contumination
for final use water quality.

Water Consumption

Families in Guanagazapa used, on the average, two and one-half
times as much water per person (68.4 liters/person/day) as those in
Florida Aceituno (26.0 liters/person/day) after the installation of the
water system (Table IV.8). Water consumption in Guanagazapa increased
in the first few months after the new distribution system was onstream
(Table IV.7) but then leveled off between 70-80 liters per person per
day and remained relatively constant, on the average, for the remainder
of the study. A1l of this increase does not represent a true doubling

of water use. Some of the increase was due to transference of water

TABLE IV.7

Mean Water Consumption in Guanagazapa
(Six Months Experience with Distribution System)

Water Consumption

Month liters/person/day*
October 1973 40.3
November 1973 49.2
December 1973 48.3
January 1974 70.4
February 1974 7.2
March 1974 68.8
July 1976 64.5

*Sample includes all families using distribution system.
Consumption computed from water meters. Consumption data
exceeding 200 liters/person/day was considered spurious
and excluded in the computation of means. (see text).
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TABLE IV.8

Mean Water Consumption in Guanagazapa
and Florida Aceituno by Quarter

Mean Water Consumption

liters/person/day*
Quarter Florida Aceituno Guanagazapa
1 (5/73) - -
2 - 40.3
3 24.6 56.0
4 21.8 70.2
5 31.3 63.8
6 18.0 61.9
7 33.6 79.0
8 27.1 82.0
9 25.2 70.2
10 22.1 70.0
n 25.5 80.0
12 32.2 74.0
13 (9/76) 24.6 73.5
Mean 26.0 68.4

*Florida Aceituno: consumption computed on longitudinal families
only, recall method used to compute usage, and usage above 200 1/p/d
excluded (see text).

Guanagazapa: consumption collected on all families using the distribution.
system, usage computed from water meters, and usage above 200 1/p/d
excluded (see text).
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se activities from the river or the community “pila" to the home.
However, this usage pattern does demonstrate that, when a high quality
chlorinated water is available, it will be used for most household
purposes. (Figures IV.2 and IV.3) Family consumption which exceeded
200 Viters/person/day was not included in the computation of means shown
in Tables IV.7 and IV.8. This rate was so much above the mean that

it was assumed that leakage had occurred or the water was being used
for agricultural or other non-household purposes.

The amount of water used, on the average, in Florida Aceituno
(control village) was significantly less than that in Guanagazapa
(Table IV.8). However, the data for this community was obtained by
recall and represents only the water which was drawn from he well and
does not include the use of the river for laundry and bathing purposes.
The river in Florida Aceituno was in close proximity > the village which
was not the case in Guanagazapa.

Water Uses

Each month longitudinal families in both villages ..2re asked for
what purposes they used water in the home (Table IV.9). In both villages,
most families brought water to the house (faucet in the yard is assumed
to mean water in the house) for personal hygiene purposes, food preparation
and the washing of eating and cooking utensils.

In Florida Aceituno, less than one-third of the families did their
laundry and less than one-fifth bathed at home. Eighty percent of the
families in Guanagazapa washed clothes and bathed at home. These data
were collected starting in November 1973, thus the water use practices
prior to the installation of the water discribution system is not known.

Twenty percent, on the average, of the families observed in Guanagazapa
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Mean Water Consumption by Family in Florida Aceituno
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TABLE IV.9

Home Water Uses in Guanagazapa
and Florida Aceituno by Season

Percent of Famiiies

Seasons

Water Use 1R* 2D 3R 4D 5R 6D 7R

........... Florida Aceitung-sceeesscccce
Personal hygiene - 100 92 100 98 98 100
Food preparation - 100 100 100 99 99 100
Utensil washing - 95 96 96 92 96 96
Laundry - 28 23 33 3 30 19
Bathing - 26 16 16 18 10 12

............... Guanagazapa..............
Personal hygiene - 100 100 100 100 100 97
Food preparation - 100 100 99 100 100 100
Utensil washing - 100 100 99 100 9 97
Laundry - 75 83 83 80 91 84
Bathing - 75 79 80 80 91 79

*Information not available.
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continued to wash clothes and bath away from home even though water
was available in their yards and the cost per month was the same
whether they used 1 or 30,000 liters.
More detailed data on the protection of water sources, protection
of water quality and water consumption are shown in Appendix IV (page xxix).

Housing Quality and Household Sanitation

Forty-nine randomly selected houses in Guanagazapa were thoroughly
inspected in Aujust and September 1972 at the beginning of the study.
These inspections were used to document housing quality including
construction, number and arrangement of rooms, housekeeping, presence
of domestic animals, and protection of food and water. Based on
observations made during the study period, these 49 homes were representative
of the village as a whole.

Only two houses in the sample formed a duplex, most were single

unattached structures. House size ranged from one to eight rooms (Table 1vV.10)

TABLE IV.10

Number of Rooms in Guanagazapa Houses

Rooms Number Houses Percent
1 15 3
2 19 39
3 7 14
4 6 12
5 1 2
6 0 0
7 0 0
8 1 2

Total 49 100
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with 31% (15) single room dwellings in which all eating, sleeping and
leisure activities took place in that one room. The cooking hearth
(usually an open fire) was located outside at many of these homes.

In houses with two or more rooms, one of the rooms was usually a kitchen-
dining area. Etighty-four percent of the houses contained three rooms

or less.

The quality and permanence of construction materials was generally
a function of house size. Larger houses usually were more permanent
and substantial. For example, the one eight room house in our sample
was constructed with a metal roof, adobe walls and a cement floor in
the kitchen. However, there were earthen floors in the other rooms.
Sixty-one percent of all kitchen floors and eighty percent of the other
floors in our sample were earth (Table IV.11). Only 9 houses had cement
floors throughout the structure.

Metal was the most common roofing material. Even though it was
more expensive than cane or bamboo, it provided better protection during
the rainy season.

Seven families (14%) had provided compounds to restrain domestic
animals. Animals were observed inside or in the yard of 90% of the
homes inspected. Twenty-nine percent of the families had chickens,
twenty-three percent had dogs, fourteen percent had pigs, twelve percent
had cats, six percent had ducks, four percent had parrots, and two percent
had rabbits. These animals were usually allowed to wander freely in
and out of the house.

Annual surveys were made of these houses. Only minor structural
improvements were made during the course of the study (August 1972 -

August 1976). The only structural modifications advocated by the project



TABLE IV.1

Housing Construction in Guanagazapa

Number of Houses

Cane- Wood None
Component Adobe Metal Bamboo Straw Tile Cement Earth Boards Present
----------------------------- -Living - bedroom(s) - -eeeeereeciciniiriiieenaectiinonaenens
Roof 44 3 2
Walls 8 32 3 6
Floor 4 6 39
------------------------------------- KitCchen s «sssreeevrrsecnnsscencscssncnscscnccconcnscocce
Roof 23 7 3 16
Walls 4 24 1 4 16 __
Floor 2 3 30 14

LE
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were the installation of a door barrier to keep animals out of the kitchen
and the construction of a latrine.

Home Sanitation

Regular surveys were made throughout the study (see Methodology)
to determine the sanitary conditions of houses included in the longitudinal
sample in both villages. Sixteen criteria were chosen as being repre-
sentative of sanitary behavior in Guanagazapa and Florida Aceituno (Table
IV.12). These results indicate that garbage and trash were poorly handled,
domestic animals were frequently present in the kitchen, eating utensils
were not stored to prevent contamination, and housekeeping was poorly done.
Maintaining a clean home environment was extremely difficult because of
dusty conditions in the dry season, continual mud in the rainy season,
earth floors, and the loose construction of walls and roofs. Except for
one criteria, cleanliness of clothing, home sanitation was superior in
Guanagazapa.

Nine of the sixteen criteria were examined over time (by season)
to detect improvement in sanitary behavior (Table IV.13). This methodology
was also used to evaluate the impact of the health education program in
Guanagazapa (see Chapter V). There appeared to be some improvement in:
(1) the use of barriers to exclude animals from the kitchen; (2) the
protection of cooked food; (3) the condition of the kitchen floor (absence
of trash and garbage); and (4) the removal of trash and garbage from the
yard. However, there was also improvement in the handling of trash and
garbage in Florida Aceituno, both inside and outside the house, and no
health education program was instituted in this village.

Additional data on housing quality and sanitation is presented in

Appendix IV (Page 1ii).



TABLE IV.12

Home Sanitation in Study Villages

Mean Percentage of Sanisfactory Observations*

Environmental Variables

Cleanliness of informants clothes**
Animals in the kitchen

Kitchen barrier present

Glasses and cups properly stored
Cooked food protected

Fecal material on kitchen floor
Flies seen on food

Garbage on kitchen floor

Eating plates protected from animals
Garbage and trash burned

Garbage in the yard

Latrine clean

Yard recently swept

Cleanliness of family's clothes**
Cleanliness of house**

Soap observed in house

Guanagazapa
76%

46

8
19
94
67
66
62
%6

1
47
61
50
72
50
61

39.

Florida

Aceituno

85%
42
1
10
94
52
61
42
95
3
4
50
40
83
45
36

*Mean percentages rounded *o nearest whole integer.

**Met the norm for the village.



TABLE IV.13

Home Sanitation in Study Villages by Season .

Selected Environmental Variable:

Mean of Satisfactory Observations (Percent and Standard Error)*

Animals Kitchen Cooked Food Fecal Matter on Flies on Garbage on Latrine Garbage Yard
Season Kitchen Barrier Covered Kitchen Floor Food Kitchen Floer Clean in Yard Swept

1R** 57(3.5) 3(1.3) 48(3.9) 99(0.5) 99(0.6) 48(3.5) 56(7.1) 16(2.5) 47(3.4)
2D 34(3.6) 1(0.6) 61(4.1) 61(3.7) 95(1.7) 25(3.3) 80(7.4) 7(1.9) 51(3.8)
3R 31(3.3) 5(0.5) 58(3.7) 42(3.5) 73(3.2) 23(3.0) 74(6.9) 17(2.6), 38(3.4)
4D 28(4.8) 1(1.1) 58(5.6) 34(5.1) 61(5.4) 32(5.0) 45(11.4) 35(5.0) 36(5.0)
5R 30(2.9) 1(0.6) 41(3.2) 30(2.9) 41(3.2) 48(3.2) 66(6.1) 56(3.2) 34(3.0)
6D 40(5.6) 3(1.8) 57(6.0) 38(5.5) 60(5.9) 35(5.4) 65(10.2) 47(5.6) 35(5.4) .
7R 59(3.8) 1(0.6) 59(4.0) 71(3.5) 63(3.8) 60(3.3) 48(7.6) 70(3.5) 55(3.8) .
................................................... GUANAGAZAPA* “ "t ctcTtterreTeressssesatesanassnotasrsstse e
1R 17(2.6) 2(1.0) 53(3.6) 71(3.2) 94(2.0) 20(2.8) 83(3.9) 11(2.2) 58(3.5)
2D 20(2.8) 1(0.7) 54(3.6) 42(3.4) 59(4.3) 22(2.9) 69(5.0) 19(2.7) 40(3.4)
3R 39(3.5) 2(0.9) 48(3.8) 60(3.5) 80(3.5) 23(3.0) 35(6.5) 29(3.2) 30(3.2)
ap 41(4.8) 1(1.0) 74(4.6) 70(4.4) 65(5.2) 50(4.9) 47(7.1) 57(4.8) 56(4.8)
5R 54(3.3) 17(2.5) 76(2.9) 81(2.6) 47(3.3) 35(3.1) 58(5.1) 61(3.2) 60(3.2)
6D 53(5.8) 24(4.9) 81(4.7) 70(5.3) 66(5.6) 43(5.7) 86(5.5) 55(5.7) 55(5.7)
7R 46(4.0) 29(3.5) 81(3.2) 62(3.9) 79(3.2) 62(3.9) 67(4.4) 68(3.7) 57(3.9)

*Mean rounded to nearest whole integer and standard error to one decimal place.
**R-rainy; D-dry.

ot
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Crowding In the Home

Some investigators have suggested that crowding in the home, institution
or military barracks can contribute to morbidity.

The number of persons occupying bedrooms and total rooms in Guanagazapa
was consistently higher (>1.0 persons/bedroom, and 1.0 persons/room) than in
Florida Aceituno (Table IV.14). The mean and standard deviation of
respiratory illness and diarrheal disease rates were plotted against crowding
in bedrooms and in total rooms for both villages (Figures IV.4 through IV.11).
Morbidity rates did not increase with either more persons per bedroom or more
persons per room.

Additional data on crowding and morbidity is shown in Appendix IV (page 19id).

Data Analyses For Morbidity-Sanitation-Hater Associations

The combined census, morbidity, and sanitation data have been examined
quite extensively by general linear and categorical models in an attempt
to reveal any significant relationships between any of four types of morbidity
and any of the study's measures of household sanitary quality or changes
in sanitary quality. A1l of the analyses were adjusted for known "noise
factors" such as month-to-month variability or seasonal differences. The
analyses also included adjustments for, or took accouut of, factors such
as age, sex, size of family and village, which are believed to influence
morbidity. The results were adjusted for these factors so that the effects
of sanitation could be estimated and tested "clearly", free of the possible
effects of other characteristics, which might also affect morbidity. Four
classes of morbidity were examined exhaustively: skin infections, infectious
diseases, respiratory diseases and diarrhea. The sanitary measurements, which
were examined, came from three survey instruments (see Methodology): Monthly

Sanitation Survey (Form 32), Water Consumption and Usage (Form 37) and Water



42

TABLE IV.14

Household Crowding in Study Villages by Season

Mean of Observations

Persons/Bedroom Persons /Rcom
Season Guanagazapa Florida Aceituno Guanagazapa Florida Aceituno
1R* 5.4 4.1 5.1 4.0
2D 4.9 4.0 4.7 3.8
3R 5.2 4.3 5.1 4.2
4D 5.4 4.6 5.3 4.5
5R 5.6 4.5 5.5 4.4
6D 5.7 4.4 5.2 4.3
7R 5.8 4.4 5.4 4.3

*R-rainy; D-dry.
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FIGURE IV.5
Diarrheal Morbidity Rate Versus Bedroom Crowding Index
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FIGURE IV.6

Diarrheal Morbidity Rate Versus Total Room Crowding Index

(Florida Aceituno)
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FIGURE IV.7

Diarrheal Morbidity Rate Versus Bedroom Crowding Index

(Florida Aceituno)
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Respiratory Morbidity Rate Versus Total Room Crowding Index
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FIGURE IV.9

Respiratory Morbidity Rate Versus Bedroom Crowding Index

(Guanagazapa)
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FIGURE IV.10

Respiratory Morbidity Rate Versus Total Room Crowd1ng
(Florida Aceituno)
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Quality Survey (Form 26).

Unfortunately, perhaps, the results of these analyses may be succinctly
summarized. The variables which were "controlled for" in the analyses,
such as age, community, month (or quarter or season), and size of family
were typically shown to have discernable effects on morbidity. The sizes
of the estimates of the effects were different for the different types
of morbidity and also varied from analysis to analysis, depending upon the
"adjustment variables" being used.

In contrast, there were no sanitary status variables which showed
persistent effects on morbidity. That is, if a statistically significant
effect was found in one group, the effect would not be significant for another
related group, as for example, a group with identical characteristics
except for a difference in age or sex. MWMoreover, when statistically significant
effects were plotted on graphs, the "effects" proved to be very indefinite.

One can conclude from these analyses that changes in sanitary quality
of the magnitude observed in these villages did not produce striking changes
in morbidity over the relatively short period of this study. Some very
small trends or associations with  canitation may have been detected.

For example, increased water consumption in Guanagazapa was associated with
decreased diarrhea and skin infections in children aged 13-24 months,

but the trends or associations are so small that it is not possible to
“separate the signal from the noise." A large number of statistical tests
were performed in these analyses and the proportion of "statistically
significant" test results was near 5%, about what would be expected when
testing at the 5% significance level. It was therefore difficult to determine
if effects, such as the one noted above, are real or the result of random

variability. Using scatter diagrams, in which morbidity is plotted against
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water consumption [actually, 1og]0 water consumption], it is apparent that
even if an effect exists, it was quite small over the time period of this
study and is masked by random variability in morbidity experience.

A comprehensive description of one statistical analysis, which indicates
the complexity of the models and the number of variables invulved, is presented
here. This ;ype of analysis was done for all variables of interest.

1. General Linear Model Analysis of Family Monthly Morbidity Data for

Associations with Monthly Sanitation Survey Variables

The influence of water consumption and sanitary behavior upon morbidity
was examined using the monthly family morbidity data. For each family,
morbidity rates were computed each month for four categories of morbidity
(respiratory diseases, skin infections, diarrhea, and infectious diseases).
In this analysis, observations on a particular family in different months
were treated as independent. For three of the disease categorics (skin
infections, respiratory diseases, and infectious diseases), the empirical
evidence (i.e., month-to-month correlations over families) indicates that
this assumption is justified. For diarrhea, correlation of "within family
morbidity" was found, but the magnitude was so small that the effect on
the results is minor. It should be noted that the effect of such correlations
would be to increase bias in the tests of hypothesis. Thus for
diarrhea, marginally significant results must be viewed with some
caution.

General linear model techniques were used to examine the effect of
the various predictor variables on the morbidity rates. The factors studied
were:

a. Village. Florida Aceituno versus Guanagazapa

b. Family size. 1, 2, 3, 4, and 5+ family members
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c. Month. Thirty-five calendar months for which morbidity data were
available
d. Sanitary Condition Variabies. An indication of whether or not a’
sanitary survey (Form 32) was made on this family during the month
and, if so, sanitary condition as assessed by each of eleven questions
from Form 32.
e. Longitudinal Sample Membership. An indication of whether or not
this family was a member of the longitudinal sample.*
f. Water Consumptic . (in Guanagaza only). An indication of whether
or not the family had piped water, and if so, monthly water consumption
For each of these factors, a number of indicator variables were created.
The precise form of these variables will be described in a subsequent section.
In the course of the preliminary examination of these data, it became
evident that the variance of the morbidity rates changed as a function of
family size, large families showing greater variability. In order to
deal with this, it was necessary to use weighted least squares techniques,
a straightforward generalization of ordinary least squares (c.f. Searle,
1971; Bock, 1975).
2. General Description of the Models Fit

For practical puv oses, one can consider that eight separate models
were fit, one for cach of the four morbidity categories in each village.
At a later stage, the two "within village models” for each morbidity type
were combined in order to assess interactions of the various other factors
with village. The general structure of all eight models is identical. The
model described in this section is thus the mode) applicable in each case.

The form of the modei is:

*The longitudinal sample is described in the Methodology report for the
p oject. Membership in the sample is based on the participation cf a family
member in the Detailed Absorption Studies (Secticn VII)
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xije1 = ey s i=1,2,...,N.

-
n
o 11 O

i i

Y, is the observed morbidity rate for the i-th family in a specific month

i
(in FA, N=7715 observations; in GU, N=7619 observations). Xij is the value
of the i-th observation (family for a particular month) on the j-th "inde-
pendent variable". These independent variables were computed from the factors
listed above and described in the next section. In Florida-Aceituno 63 such
variables were used while in Guanagazapa 65 wevre used.

e, = Yi - zj Xiij is the observed morbidity rate (Yi) minus the "model
predicted" morbidity rate, zjxijsj. We assume ey is random and arises from
a distribution with a zero population mean and a population variance which
depends upon community, family size, and type of morbidity rate.

It is not possible to know the exact values of the Bj’ the model's
primary parameters. The method of weighted least squares is used to estimate
the Bj and the estimate of Bj is called bj. The precision of the estimate,

bj' is indicated by its standard error.

3. Description of Independent Variables in the Model and Corresponding

Primary Parameters

One or more independent variables were created from each of the factors
listed above. Most of these were "indicator variables" which take on only
values of 0 or 1. For example, one independent variable in the model was
an indicator variable which corresponds to longitudinal family membership.
This variable has a value of 1 if the observation comes from a longitudinal
sample family and O otherswise. In some cases, more than one indicator
variable was generated corresponding to family size. Every observation
has a 1 in each of the indicator variables, its position depending on the

number of people in the family, as shown in Table IV.15.
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TABLE IV.15

Formation of Family Size Indicator Variables

Indicator Variable

1 2 3 4

1 1 0 0 0

Family 2 0 1 0 0
Size 3 0 0 1 0
4 0 0 0 1

>51- 0 0 0 0

Corresponding to each such variable is a Bj’ one of the primary para-
meters. The model parameters, rather than the study variables, are used
here because they are more meaningful.

The’primary parameters were grouped to represent the effects on
morbidity attributable to:

a. Family size (Variables: vvFAM! - vvFAM4)

b. Calendar month (Variables: vvMNTH1 - vvMNTH35)

c. Environmental conditions (Variables: vOBSFAMO - vLATCL1)

d. Participation in the environmental survey (Variable: vHAV32)

e. Membership in the longitudinal sample (Variable: vLNGSAMP)

f. Having piped water and water consumption (Guanagazapa only).

(variables: GHAVWAT, GLOGFMWT).
[Note: vv denotes the letters FA or GU; v denotes the letter F or G, depending
on the village involved.]

Monthly "Adjusted" means

The data for this analysis included 35 calendar months and the model
includes one parameter for each month. The estimate of the parameter

corresponding to a particular month is the adjusted mean morbidity rate
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for the month for families satisfying the following conditions:

a. Family size: 5 or more

b. Month: the specified month

c. Environmental conditions: not surveyed

d. Participation in environmental survey: Not surveyed

e. Membership in longitudinal sample: Family not in longitudinal

sample

f. Piped water supply: Family does not have access to piped water

supply
These conditions are called the "reference levels" of these factors.

For practival purposes, a separate model was fit to data from each
of the two villages. Each monthly mean was "adjusted" for the other
variables to reflect the values of the six variables given aquove. Thus,
for example, the adjusted mean diarrheal morbidity rate for Guanagazapa
families in May 1973 (month 7305) was 35.9 % 7.2(adjusted mean *+ standard
eyror) incidents reported per thousand persons (Figure IV.12) while the
corresponding rate in June, 1973 (7306) was 130.5 7.1 (adjusted mean *
standard error). The corresponding rates in Florida Aceituno (Figure
IV.12) were 52.9 + 8.4 in May 1973 and 168.4 + 8.3 in June, 1974. This
large jump in diarrheal morbidity from the first to the second morbidity
survey is discussed in additional detail in Chapter III.

The parameters (and estimates) corresponding to family size represent
the average difference in morbidity rate between families of a given size
and families having 5 or more members if all other factors are equal. Thus,
the coefficient for family size = 1 (Table IV.16) has a value of -25.8 +
4.4 (coefficient * standard error). This means that in Guanagazapa, other

factors being equal, single-person families had an average diarrheal



FIGURE IV.12

Adjusted Diarrheal Morbidity Rates In Guanagazapa By Month
(Mean and Standard Error)
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TABLE IV.16

Increments In Monthly Diarrheal Morbidjty Rates
Associated With Selected Parameters

Florida Aceituno Guanagazapa

Parameter Rate S.E. Significance Rate S.E. Significance
Fanily Size = 1 -22.1 5.6 * % -25.8 4.4 fald
Family Size = 2 -31.8 3.9 *k -10.3 4.1 *
Family Size = 3 - 7.2 3.7 NS - 0.4 3.9 NS
Family Size = 4 4.2 3.8 NS 1.4 3.6 NS
Surveyed, Form 32 118.3 71.3 NS - 1.5 108.8 NS
Longitudinal Sample 2.9 2.8 NS 2.2 2.6 NS
Piped Water Supply =  -c-cmcca--- NA--eeocmm e 20.5 15.1 NS

Legend: NS: p>.05; /t/<1.96
*: p<.05; /t/21.96
**. p<.01; /t/>2.58

85
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morbidity rate 25.8 *+ 4.4 units below the rate for Guanagazapa families of
5 or more persons. Similarly, the family size =2 coefficient indicates
Guanagazapa families of two persons had an average diarrheal morbidity rate
10.3 + 4.1 units below the rate for Guanagazapa families of 5 or more persons.
Families of 3 persons and those of 4 persons had essentially the same rates
as the 5+ person families, the estimated difference being 0.4 + 3.9 units
lower for size 3 families and 1.4 + 3.6 units higher for 4 person families.
Table IV.16 presents the increments for mean diarrheal morbidity rates for
families of sizes 1, 2, 3, and 4 compared to families of 5 or more persons
averaged over months and for “reference levels" of the other factors.

The parameter corresponding to longitudinal sample membership
represents the average difference in morbidity between families in and
not in the longitudinal sample, holding the other factors constant at
their reference levels. Thus, one can see from Table IV.16 that, in
Guanagazapa, mean diarrheal morbidity for families in the longitudinal
sample was 2.2 + 2.6 units higher than the rate for families not in the
sample. In Florida Aceituno, families in the longitudinal sample had
mean diarrheal morbidity rates 2.9 + 2.8 units higher than those not in
the longitudinal sample, with all other factors again held constant at
their reference levels.

One parameter in the model corresponds to the incremental effect
on morbidity of having been surveyed with a Form 32 in a given month in
comparison to the reference condition of not having been surveyed. Thus,
on the average (Table IV.16), families who were surveyed had d7arrheal
morbidity rates 118.3 + 71.6 units higher in Florida Aceituno ana 1.5 *

108.7 units lower in Guanagazapa than families who were not surveyed.
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In addition, the model has 11 pairs of parameters, each pair corres-
ponding to one sanitation variable from Forn 32. The reference level for
each Form 32 varfable is "not surveyed". For each variable, the first
of the two parameters represents the increment in morbidity associated
with a negative response for the particular Form 32 variable. "Negative
response" means that response which, fer any particular item, corresponds
to a less sanitary condition regardless of whether this was coded as a
yes or a no answer to a particular sanitary condition. Diarrheal morbidity
for families in Florida Aceituno with a negative response to the variable
K_FLIES (i.e., families who had flies in the kitchen) was on the average,
6.1 + 16.5 units lower than that for families who were not surveyed (Table
IV.17). The second parameter represents the increment in morbidity
corresponding to a positive response in relation to the negative category
(not in relation to the reference level). Thus, families with a positive
response to K FLIES in Florida Aceitunc had a mean diarrheal morbidity
rate -10.5 + 7.9 units lower than families with a negative response. For
K_FLIES, then, the average di fference in diarrheal morbidity between the
families not surveyed and those with positive responses is 6.9 * 10.5 =
17.4 units. The pairs of parameters for the ten other Form 32 variables
were defined by the same analogy.

In Guanagazapa, the model has two parameters for water consumption.
The first is simply the incremental effect of having a water tap beyond
the reference level of "no tap". Families with a water faucet had an
average rate of diarrheal morbidity 20.5 + 15.1 units higher than that
of families without. The second water parameter is the coefficient
of the log]o of the monthly family water consumption in liters per person

per day. Thus, it is the siope of a regression line relating morbidity
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Increment in Monthly .Diarrheal Morbidity Rate

Associated With Sanitary Variables (Form 32)

" VARIABLE FLORIDA ACEITUNO GUANAGAZAPA
NAHE
AUD RESPONSE RESPOMSE
PESCRIPTION - ) + ) - : +
: RATE SE SIG. | RATE SE SIG.| RATE SE SIG. | RATE St S1G,
OBSFAM 42,1 32.7Ns }112.8 8.0 KS | 21.2 37.1 NS Pty 5.7 NS
Poservation atout . .
.ﬂ-lly
INFCLOTH  |-128.1 80,7 NS | 2.7 8.2 NS [-13.3 150.6 NS 3 55 NS
-Btate of inforcant's
clothes
. ..
K_GARFLR 30.1 96.7 NS [-1.5 6.1 NS [-1.3 46.9 NS |-2.4 5.0 NS
Kitchen - Garbage on a ‘1.
floor
KBARRIR | -62.4 164.0ms | 8.1 24.7 NS [-27.3 64.0 NS [-7.3 8.0 NS
ftchen - Sarrier ’
sgainst znirals
KARIBAL 51.0 132.1 NS| 5.8 5.2 NS | 20.7 56.9 NS | 3.9 4.4 NS
fnfrals in kitchen .
+ gpocy | 6.7 13.4ns) 5.0 7.6 NS | 67 9.5 NS [-8.7 5.3 1
fooked food covered : ¢
K_FLIES -6.1 16.5 NS|-10.5 7.9 NS 3.7 9.0 NS | 4.3 5.2 &S
fiies on food ) )
!
K_CONTCY 6.2 7.145|-8.4 6.1 Ns | -3 50 KS | 5.2 6.2 NS
‘Hater conteiner covered :
. 0_GAREAG 18.9 72.9ns| 1.3 6.9 KS |-26.6132.9 ns } 9.1 8.8 NS
[arbage outside .
O_SYEPT .59.0 60.8 Ns| -2.1 6.1 NS | 32.9 74.2 us |-8.2 8.4 NS
Jard suept
0_LATCL 212.9 7.3ns] -5.7 9.7 &S | -1.1 5.9 NS |-5.5 6.7 NS
Latrine Clean

NS:
*.
**:

Note:

p>.065 /t/<1.96
p>.05; /t/21.96
p<.01; /t 22.58
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rate to amount of water consumed. The estimate of this slope is -6.3

+ 3.8 units for this effect. Hence, the trend of the relationship is for
diarrheal morbidity to decrease as water consumption increases (with

all other factors held constant).

Descriotion of Hypotheses Tested and Secondary Parameters Estimated

The model was constructed to answer most questions relating to many
of the primary parameters. In addition, there were a number of secondary
parameters (1inear combinations of the primary parameters) which were
estimated and about which corresponding hypotheses were tested.

1. Questions Involving Primary Parameters

a. What was the extent of the association between sanitary conditions
(as indexed by the eleven Form 32 items)*and morbidity rates?
b. In Guanagazapa, what was the extent of the linear relationship
between the log of water consumption and morbidity?
c. that was the effect of family size (categorized as 1, 2, 3,
4, 5+ persons) on morbidity?
d. Was there an effect on reported morbidity by simply having been
surveyed with Form 32 in a particular month?
e. What was the difference in morbidity rates between families
in the longitudinal sample and those not in the sample?
These questions were directly addressed by the primary parameters of the
model. Note that each of these questions was evaluated within each of
the two variahles. The differential effects of these factors (between the
two villages) are also obviously of interest. They were estimated as
secondary parameters.

2. Estimates of Secondary Parameters and Corresponding Questions of

Interest

*Copies of the forms are included in the project report and appendix
on methodology.
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a. Was there siguificant variability in morbidity from month to
month? This was assessed by taking the difference between the
estimated morbidity rate for August 1976 and the cstimated rate
for each of the other months. These are differences in the
primary parameters for months defineu earlier. A1l other factors
were controlled at their reference levels. The test of the
hypothesis of no monthly differences is then a simultaneous
test of whether all 34 of these secondary parameters are equal
to zero.

b. Was the morbidity rate homogeneous from month to month within
ouarters? That is, were there significant differences in morbicity
rates among the months within each quarter? This question was
addressed one quarter at a time (for the eight quarters in which
all three months of morbidity data was available) and simul-
taneously over all thirteen quarters in which at least two
months of morbidity data was available.

c. Were there significant differences among average quarterly morbidity
rates? This was done by averaging the monthly morbidity rates
(estimates of primary paramcters) within each quarter to form
secondary parameters which estimate average quarterly morbidity
and then taking differences among these averages.

d. Were there significant differences amonj seasonal (6 month)
average morbidity rates? This is analogous to (c.) above.

e. HWere the rainy and dry seasons different with respect to average
morbidity?

In addition, the interactions of all of these parameters with coirnunity

were estimated and the corresponding hypotheses were tested.
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Results of the Analysis

The results of these analyses for both primary and secondary parameters
are given below.

¥. Results Involving Primary Parameters

. a. Sanitary Conditions. The estimates of the parameters associated
with the various sanitary conditions are presented in Tables IV.17,
Iv.18, IV.19 and IV.ZOL The general pattern of results in these tables
is rather clear. None of the sanitary behaviors, as measured by Form 32,
were substantially related to changes in morbidity in either village or
for any of the four morbidity categories. Furthermore (Tables IV.16,
IV.21, IV.22 and 1V.23), there was no significant difference in average
morbidity between families surveyed with Form 32 and those who were not.
As a final check on the effect of the sanitary condition variables on
morbidity, a simultaneous test of the influence of all 11 pairs of effects
was performed. It would be possible, although uncommon, for each of the
2¢ individual tests of significance on Form 32 variables to be non-significant,
yet for the variables to have a joint effect (acting all at once)
which is significant. These tests were perfermed for each community
and for each of the four morbidity categories. Seven of the eight tests
were non-significant while the eighth (skin infection in Florida Aceituno)
was marginally significant. Thus, in summary, sanitary conditions, as
measured by Form 32, appeared to have no substantial effect on morbidity
rates.

b. Water Supply. The relationship between water supply and morbidity

in Guanagazapa also appeared to be slight. There were no significant
intercepts for the effect of having piped water (Tables IV.15, IV.21,

1V.22 and 1V.23). Furthermore, none of the slope parameters (for the



TABLE IV.18

Increment in Monthly Skin Infection Morbidity Rate
Associated with Sanitary Variables (Form 32)

65

VARIABLE FLORIDA ACEITUNO GUANAGAZAPA
NANE "
D RESPONSE RESPOHSE
DESCRIPTION - ‘ + - ‘ +
RATE SE SIG. | RATE SE SIG.,| RATE SE S!G6. | PATE St SIG.
0BSFA -47.9 12.4 **| 3.3 3.0 NS}17.9 21.8 NS |- 1.9 3.4 NS
Dbservation about
family
INFCLOTH 52.4 30.7 NS|-3.7 3.1 NS|-13.1 88.8 NS |- 2.6 3.2 NS
State of informant's :
clothes
K_GARFLR 5.0 36.7 NS}]-1.3 2.3 NS|18.0 27.6 NS |- 2.1 3.0 NS
Kitchen - Garbage on ’
floor
UARR]R - 9.4 62.3 NS{-7.1 9.4 NS| 21.2 37.7 NS }-0.1 4.7 NS
fAtchen - Sarrfer
against animals
KANIMAL |- 2.1 50.2 NS} .7 2.0 NS -43.3 33.6 NS | 4.5 2.6 NS
Anirals in kitchen
K_Fncov 3.2 5.1 Ns|-2.0 2.9 NS| 1.9 5.6 KNS |-4.8 3.1 NS
Cooked food covered ’ .
K_FLIES .2 6.3 NS[-1.4 3.0 NS|-%1 5.3 NS |28 3.1 NS
Flies on food
KCONTCY |-1.6 2.7 NS| 6.1 2.3 **| 3.4 2.9 NS|1.5 3.7 NS
Hater container covered .
. O_GMBAGF""K‘G 27.6 NS|-7.3 2.6 **} - .8 784 NS {-5.9 5.2 NS
Carbage outside
0_SKEPT 4,1 23.1 NS} 1.7 2.3 NS]12.8 43.7 NS |7.5 5.0 NS
fard swept
OTCL | 2.0 2.8 Ns| 24 3.7 Nsl-2.8 3.5 Ns |29 29 ns
Latrine Clcan

Note:

NS:

*.

k.

p>.05; /t/<1.96
p<.05; /t/21.96
p<.01; /t/22.58




TABLE IV.19
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Increment in Monthly Respiratory Disease Morbidity Rate
Associated Yith Sanitary Variables (Form 32)

VARIABLE FLORIDA ACETTURO GUANAGAZAPA
NAME -
AND RCSPONSE - RESPOISE
DESCRIPTION - IS | - L *
) RATE SE SIG. | RATE SE SIG.| RATE SE SIG. | RATE SE SIG.
OBSFAN 38.1 41.6 NS|-12.310.1 NS} 53.4 59.1HS |~ 1.5 9.2 NS
Dbservation about : . .
_family
INFCLOTH  F 73.1 102.7 NS 8.7 10.4 NS 0.07 240.1 NS 1.9 88 NS .
‘btate of informant's " . . .
clothes '
K_GARFLR 53.9 123.0 NS|{- 6.9 7.7 NS }139.4 74.7 NS } 10.9 8.1 NS
Fitchen - Garbage on
floor
UARRIR -184.6 208.6 NS|- 29.3 31.5 NS }119.9 102.1 i-'S 22.9 12.7 NS
Rftchen - Sarrier .
against anirals :
KANIMAL - ]146.9 168.1 &S ..8.16.6 NS }13.2 90.8HS 6.9 6.9 NS
\nfrals in kitchen' .
K_FDCov 12.1 17,1 Ns|-12.3 9.7 NS ) 20.5 15.2 NS °}23.3 8.5 *¢«
Looked food covered ’ o0
KFLIES |- 6.5 21.0 ts| 2.510.1- ns [-12,1 14.4ns |20.5 8.3 +
Flies on food
KCONTCY | 6.9 9.0 Ns|11.5 7.8 ns|-16.5 7.9.¢« | 1.9 9.9 ns
later contafner covered ’ .
. 0_GARBAG 27.8 92.6 NS}12.2 8.8 NS | 57.5 211'.9 8BS ]-7.9 14.1 NS
Farbage outside
0_SHEPT -36.3 77.4 NS }16.9 7;7 * 33.8 115.3 NS 3.8 13.5 NS '
fard swept . . :
0_LATCL 13.8 9.3 NS }-33.6 12.4 ** | 6,8 9.4 NS 115.9 10.6 NS
Latrine Clean .

Note: NS:
*.
**:

p>.065 /t/<1.96
p>.05; /t/21.96
p<.01; /t/22.58



http:t/>.2.58

Increments in Monthly Infectious Disease Morbidity Rate
Associated With S:aitary Variables (Form 32)

TASLE IV.20

67

VARIARLE FLORSDA ACEITUNO GUANAGAZAPA
NAME
AD RESPONSE - RESPONSE
DESCRIPTION - e - .
S RATE SE SIG. | RATE SE SIG.}] RATE SE SIG. | RATE SE SIG.
CBSFAN 10.5 19.3 NS | -1.1 4.7 NS |-12.6 24.9 NS | -0.6 3,8MS
Dbservation about . . .
'famﬂy
WrFcloty |-16.5 47.7ns | -4.9 4.8 ns | 15.61001.3 NS | -3 3.7 MS
Ptate of inforcant's ‘e .
clothes
KGARFLR  |213.0 s7.1%* | -2.5 3.6 ns | -2.3 31.5 ns | 4.8 3.4 s
Kitchen - Garbage on ’
flcor
K BARRIR | 222.6 96.9 * | -1.8 14.6 NS | -5.0 43.1 nS 4.4 5.4 NS
{tchen -~ Sarrfer
against animdls .
KANIMAL .0.4378.1 ks | -1.3 3.1 Ns{ 10.5 38.3 NS | -6.5 2.9 *
nfils $n kitchen E
KEDCOV | =7.9 7.9Ms | 0.8 4.5 NS| 5.8 6.4 NS | 1.2 3.6 NS,
[ooked food covered ‘ * ’
KFLIES | 3.0 9.6 NS | -2.8 4.7 HS| -5.4 6.1 NS 2.6 3.5 NS
F1ies on food ’
Keoutey | 8.0 a.2ns | -0.9 3.6 NS| -0.0 3.3 NS | 1.0 4.2 NS
Hater container covered ) . .
 OGARBAG | . 6.242.6ns | -1.8 4.3 ws|-14.8 89.4 Ns | -0.9 5.9 ns
Barbage. outside
0_SWEPT 13.135.985 | -0.3 3.6 ns| 27.3 49.9 ns | -2.6 5.7 s
avd swept
O_LATCL 6.1 4345 -10.9 5.8 Hs| 2.9 3.9 NS | -5.2 4.5 NS
latrine Clean .
o \ .

Note: NS: p>.05; /t/<1.96

*: p<.05; /t/21.96
**. p<,01; /t/22.58




TABLE IV.21

Increments In Monthly Skin Infection Morbidity Rates

Associated HWith Selected Parameters

Florida Aceituno

Parameter Rate S.E. Significance
Family Size = 1 0.4 2.1 NS
Family Size = 2 - 1.0 1.5 NS
Family Size = 3 7.5 1.4 NS
Family Size = 4 1.6 1.5 NS
Surveyed, Form 32 -10.2 27 .1 NS
Longitudinal Sample - 0.2 1.1 NS
Piped Water Supply «c----cea-e-- NA-cecccncanae

Guanagazapa

Rate S.E. Significance
-9.2 2.6 bl
-1.4 2.4 NS

0.1 2.3 NS

6.5 2.1 faad

-5.1 64.1 NS

1.1 1.5 NS

-3.5 8.9

NS

Legend: NS: p>.05; /t/<1.96
*: p<.05; /t/21.96
**. p<.01; /t/22.58
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Parameter

Family Size
Family Size
Family Size
Family Size

[}
How N -

Surveyed, Form 32

Longitudinal Sample

Piped Water Supply

TABLE. 1v.22

Associated With S=lected Parameters

Fiorida Aceituno

Rate S.E. Significance

20.0 7.1

4.8 4.9

6.0 4.7

6.0 4.7

35.4 90.7

11.4 3.6
............ NA-—=cccmmnee=

*k

NS
NS
NS

NS

Tk

Guanagazapa
Rate S.E. Significance
- 9.6 7.0 NS
-13.2 6.6 *
- 0.4 6.2 NS
-13.3 5.7 *
-54.2 173.3 NS
- 7.7 4.1 NS
19.6 24.1 NS

Legend: NS: p>.05; /t/<1.96

*: p<.05; /t/21.96

**: p<.01; /t/22.58
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TABLE IV.23

Increments In Monthly Infectious Disease Morbidity Rates
Associated With Selected Parameters

Florida Aceituno Guanagazapa
Parameter Rate S.E. Significance Rate S.E. Significance
Family Size = 1 - 8.7 3.3 *k -12.0 2.9 *k
Family Size = 2 -10.9 2.3 *k - 5.3 2.8 NS
Family Size = 3 - 5.7 2.2 dek - 4.4 2.6 NS
Family Size = 4 4.6 2.3 * 3.4 2.4 NS
Surveyed, Form 32 - 2.9  42.1 NS -22.0  73.1 NS
Longitudinal Sample - 0.3 1.6 NS 2.2 1.7 NS
Piped Water Supply --=ccecacae- NA-ccceccmaaaa 17.4 10.2 NS

Legend: NS: p>.05; /t/<1.96
*: p<.05; /t/21.96
**: p<.01; /£722.58
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regression of morbidity as a function of water consumption) were sig-
nificantly different from zero. In summary, these results show no
relationship between water supply and the morbidity rate.

c. Family Size. Family size had a substantial effect on morbidity
rates, especially for infectious diseases and diarrhea. Tables IvV.16,

IV.17, 1v.20, IV.21, 1V.22 and IV.23 present the estimates of increments

in morbidity rates for families of size 1 through 4 when compared to larger
families. In particular, families of size 1 reported significantly lower
morbidity rates in every case except for skin infection in Florida Aceituno
and respiratory diseases in both villages. In general, morbidity rate
increases with increasing family size up to three persons.

d. Effect of Being Surveyed with Form 32. There was no significant
difference in morbidity rates between families who were and were not surveyed
in a given month. Estimates of the effects with standard errors and
significance levels are presented in Tables IV.16, Iv.21, IV.22 and IV.23.

e. Longitudinal Sample Membership. As shown in Tables IV.16 and
IV.21 through IV.23, longitudiral sample members did not differ significantly
from non-members in mean morbidity rates.

2. Results Involving Secondary Parameters

a. Monthly Variability. The results of the significance tests
clearly show significant differences in morbidity rates from month to
month in each village and for each morbidity category (p <.01 in every
case). Thus, it was clear that the mean morbidity rates in the two villages
did change significantly over time. Figures IV.12 through IV.19 are
plots of the adjusted mean monthly morbidity rates for each of the four
morbidity categories in the two groups. These were adjusted to the reference

levels for all factors. The boxes represent the adjusted means, while
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Adjusted Skin Infection Rates In Guanagazapa By Month
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FIGURE IV.16

Adjusted Respiratory Morbidity Rates In Guanagazapa By Month
(Mean and Standard Error)
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Adjusted Infectious Disease Rates In Florida Aceituno By Month
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FIGURE IV.18

Adjusted Infectious Disease Rates In Guanagazapa By Month
(Mean and Standard Error)
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Adjusted Diarrheal Morbidity Rates In Florida Aceituno By Month
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the vertical lines above and below the boxes represent one standard error,
and indicate the variability around the mean.

b. Homogeneity Within Quarters. The equality of the monthly rates
within quartcrs was tested for all those quarters in which two or more
months of morbidity data was collected. The "withiﬁ quarter” variability
was significant for all disease categories in each village (p < .05
in all cases, p < .01 for seven of the eight tests). The vast majority
of the individual quarter tests were also significant.

c. Differences Between Average Quarterly Morbidity. The quarterly
average moébidity rates also differed significantly from each other, for
each village And each morbidity category (p < .05 for one test, p <
.01 for the other seven).

d. Differences Between Averége Seasonal Morbidity. The seasonal
average morbidity rates d*ffered significantly from each other for both
villages and all disease categories (p < .01 for all tests):

e. Wet Versus Dry Season Morbidity. There was no significant
difference in morbidity rates between the wet and dry seasons for skin
infections or respiratory diseases in either village. For infectious
diseases and diarrhes, morbidity rates were significantly higher during
the wet season than during the dry, in both villages (p < .05 in all four
cases).

3. Results for Interactions Between Village and Other Factors

The exteni to which the estimates of the effects previously defined
diffored betveen the two communities was assessed. This was done by
defining and estimating a series of interaction secondary parameters.
For example, to estimate the difference between Florida Aceituno and

Guanagazapa of the effect of longitudinal sample membership on diarrheal
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morbidity, the estimate of the longitudinal sample parameter in Florida
Aceituno (2.9) was subtracted from the estimate in Guanagazapa (2.2), giving
a difference of - .7 + 3.8 (which is not significant). Thus, it was
concluded that the effect of longitudinal sample membership was not different
in the two villages. Analogous interaction parameters were defined
based on most of the primary and secondary parameters. In each case,
those parameters (and the associated tests) address the issue of whether
or not the effect of the factor being considered was different in the
two villages. The majority of these effacts turned out to be slight
(i.e., non-significant). The two exceptions were the village by family
size parameters and village by time parameters.

The overall tests of the family size by village paramnters were
significant for skin infections, respiratory diseases, and diarrhea
(p < .01 in each case). While this demonstrates that family size had
different effects on these morbidity categories in the two villages,
camparison of the FA and GU family size parameter estimates in Tables
IV.12, 1v.22 and IV.23 reveals no systematic pattern to these differences.
The overall tests of the month by village interactions were significant
for respiratory diseases, infectious diseases, and diarrhea (all p < .01).
Unfortunately, there is again no discernable pattern in the differential
effects of time in the two villages.

4. Correlations Among Types of Morbidity

The correlations among the four classes of morbidity, adjusted for
all sources of variation in the model, are shown in Table IV.24. The
correlations are shown separately by community. Since each correlation
matrix was based upon more than 7000 degrees of freedom, it can be firmly

concluded that the four types of morbidity were uncorrelated, on a within-
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TABLE Iv.24

Correlations Among Four Classes of Morbidity
Adjusted For A1l Variables In the Hodel By Community

A. Florida Accituno

Morbidity Skin Resjiratory Infectious

Class Infections __')isease Discace Diarrhea

Skin
Infections 1 -0.022 -0.001 -0.016
Respiratory

Disease -0.022 ] 0.007 0.005
Infactious

Disease -0.001 0.007 1 0.023
Diarrhea -0.016 0.009 0.023 1

B. Guanagazapa

Morbidity Skin Respiratory Infectious

Class Infections Disease Disease Diarrhea

Skin
Infections 1 -0.005 -0.010 0.023
Respiratory

Disease -0.005 1 0.009 0.017
Infectious

Disease -0.010 0.009 1 0.014

Diarrhea 0.923 0.017 0.014 1
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family basis, in both communities. HNote that these correlations have had
the effects of month-to-month (and other sources of) variations removed.
If raw correlations were computed, ignoring the effects of month-to-month
variability and other known sources of variation included in these model:,
non-zero corvelations which would reflect temporal variation in mean morbidity
rates would he seen. Such non-zers correlations would not indicate undarlying
associations batween diseases or conditions in the four ciasses analyzed here.
Summary

These results make it clear that the four types of morbidity are extremely
variable. In addition, the monthly family morbidity rates are preponderantly
zero. These two features of the data tend to make analyses of the effect
of various variables on morbidity difficult. Other than time, family size
was the only othe: factor shown to produce substantial effects. The large
families have disproportionately high morbidity rates. No substantial
morbidity ¢ Ffects were found to be associated with sanitary conditions, water
source, vater quantity used or longitudinal sample memoership.
Other Morbidity -- Sanitation Analyses

These analyses were based upon family monthly morbidity rates.
‘“hat is, rates were computed for each family each month. The analyses
do not take varishility into account in morbidity rates among the various
age groups within a family nor possible morbidity-sex relationships. In
addition, since rates were computed monthly, a large proportion of the data
values were zeroes (no morbidity in that class for family within a given
month).

A second series of linear medel analyses were performed separately
for subjects in different zge groups which are defined in Table IV.25.
These analyses were performed using morbidity rates accumulat>d over six-

month seasons. The dafinition of "seasons" is given in Table IV.26.


http:accumulat.bd

TABLE 1V.25

Age Groups Used in Model Analyses

Age group
Mnemonic _
AGEQO_01
AGEQ1 02
AGE02_07
AGE07_15
AGE1E 30
AGE30_45
AGE45+

Definition

Age < 365 days

365 < Age < 2 years

2 years g Age < 7 years
7 years s Age < 15 years
15 years < Age < 30 years
30 yeers < Age < 45 years
Age x 45 years

83
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TABLE 1V.26

Definition of Seasons Used in Analyses

Type ' y . Year

of :
Season fonth '73-'74 t74-75 v75-'76 '76

May
Jun
July
Rainy " Aug
Sep
Oct

Ia—l-‘—l—l—d
W W W W W W

Nov "2
Dec - —_—
Ory Jan 2
2
2

Season Number
Season Number
Season Number
Season Number

Feb
Mar
Apr

mmmctlmmmmmmm

.xz-.a-s:.z:n!

NOTE: A dash (—) indicates that no morbidity data were collected in the
indicated month.
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A morbidity rate was then computed for each age-sex group in each
family for each season:
number of morbid incidents in this

age-sex group in this family during
this season

Morbidity rate = 1000 X
total number of person-months in this
age-sex group in this family in this
season

A "person-month" is one person in one month. Thus, one perth in an
age group present for six months of a season would equal 6 person-months.
No rates were computed for cases in which the denominator would be zero.

Since a family was sometimes surveyed for sanitary siatus several

times in a season, the average of all surveys of the sanitation

variable (e.g., CCOVER) was computed in order to assign\sanitation scores.

These sanitation scores, based upon the average, were:

0.5 s<average: score = '+'
average s 0.5: " score = ' !
no data this season: score = (missing).

Since sanitation variables were assigned a '1' connoting a "positive"

or "good" response and a '0' connoting a "negative" response, families
having at least half of their responses in a seasbn being "good" received
'+' scores. '

A varmety of general linear models analyses were performed to examine
the data for possible sanitation status-morbidity relationships. More
than a thousand model fittings produced no persistent (over age groups
or community groups) significant relationships between any of the sanitary -
variables and any of the morbidity rates. Statistically significant
results were found at approximately the rate to be expected (5%) if

all null hypotheses (Ho: no correlation between sanitary status and
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morbidity) were false. Where statistically significant associations were
found, examination of appropriate data plots indicated little or no real
significance of the result. Figure I1V.20 is the printout of one of the more
than 1000 general linzar models analyses performed. The other thousand

or so figures are omitted.

In addition to the linear models analyses, morbidity rates were
computed for each group defined by age, sex, season, village and family
seasonal score for a sanitary variable (e.g., '+' or '-' for 'CCOVER' for
whether the water container was covered). Some nine hundred graphs, such
as Figure IV.21, were produced to examine the data for possibie differences
between morbidity for families with good sanitation scores and families
with poor sanitation scores. Extensive examination of such graphs and
comparison with the corresponding linear models analyses failed to produce
strong evidence of persistent morbidity-sanitation relationships.

Another form of graphical analysis was performed in which morbidity
rates were computed for each community, month, and age group. The proportion
of families having "positive" scores on a sanitation variable was also
computed by community and month. More than one thousand scatter diagrams,
such as Figure IV.22, were produced to illustrate possible sanitation-
morbidity associations. Extensive examination of the scatter diagrams
and comparison with the corresponding linear models analyses failed to
produce strong evidence of persistent sanitation-morbidity relationships.
Conclusions

It can not be reasonably concluded from these results that there is
no association between sanitation and morbidity since the highei death rate
from infectious diseases in the deve}oping countries is clearly demonstrable.

The issue here is whether, in a free-1iving population in lowland Guatemala, the
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Ltinear Model Analysis of Relationship Between Morbidity and Sanitation
(Sample Printout)
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FIGURE IV.20 CONT'D

Linear Model Analysis of Relationship Between Morbidity and Sanitation
(Sample Printout)

AL (T _AOPPLO2AY #ATLSE _Sibee LRISUMAL __SERS 220 U \FE
Bob CALLuuhT S8 YLANL-AuwiudeSs  LANLideY WARLAMLLOCCLLLED
CINLIAL LIBEAK GUSLLL PhuCrDURE
DEPLEOLHT VARLAGLLY ALSJRATA
T Ik hwl 2k 2 13} $TO LYFrUA OX
_RAIANTTER LR TITY PARANETINAO rSTITEL -—
) 13,5205 16%0_8 0. 42 0.4274 £1.81263029
[3 ~dodrvieves B Y. us Verbbd 61.61263339
7 Veovdududy B - - .
e ZANUIILASUY ] Teovelieaic ® [ L] [ I DENCIYIREIY]
2 IPSMITINR ) .89 0074 61,81263023 —
1) W lobRivve B Yo Ul Veudud b lowi2L judy
[ wealluvvst V.87 veyull Li.8120002) —
S svatuiulica b 1.2 0.27)38 51.81203029
& si.vloviins B Vet? v.51c0 £1,8326102% -—
1 . deviuduidv b - - -
VLt PoSTRLNDOS ABCLD P F Y2 FIT] =0,18 0,652 5 02280212 ——

88



http:1L&IM.-A.LV

FIGURE IV.21

"Diarrheal Morbidity In Families With Good (+) and Poor (-) Sanitation
(Sample Graph)
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FIGURE (V.22

Comparison of Respiratory Morbidity and Water Quality
in Domestic Containers in Both Villages
(Sample Graph)
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minor variations in sanitary conditions (which are measurable using

surveys such as the ones used in this study) produce macro-level changes

in morbidity which are measurable by a two-week recall method, as used

in this study. The conclusion is that the relationships between morbidity
and sanitation may not exist at this macro level. If they do exist, they
are too small to be reliably measured by the instruments and with the sample

sizes used in this study.
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V. Health Education

The objective of the health education program was to reduce fecal
contamination in the home and surrounding area and to promote adequate
use ¢f the convenient potable water system. The program was conducted
only in the experimental village. This component of the study focused on:

1. Persuading the residents of Guanagazapa to redqce the pre-
sence of both human and animal fecal wastes in the home‘and the yard.

2. Assisting families to install gates to keep domestic animals
out of the kitchen.

3. The promotion of latrines and assisting families in building
latrines with an objective of reducing contamination from human excrement.
4, Improving food and water storage practices to reduce contami-

naticn from human, animal, insect and air-borne sources.

5. Increasing potable water consumption for hygienic uses,
particularly in kitchen cieanliness, handwashing before eating or
preparing food, and after defecating or changing soiled diapers.

The education program took a community health development approach
to stimulating change in behavior. This program is described in the
Methodology section of this report anz includes descriptions of the
field procedures and details of the survey instruments.

Behavioral Changcs

In order to examine the change in sanitary behuavior over time,
the study was divided into two phases. One covering the time period
prior to the initiation o the health education component in Guanagazapa
(the period prior to April 1975) and the other consisting of those

months after the initiation of the health education program (from May
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1975 to the end of the study). The means from the measurement of environmental
variables were computed for each family from the monthly sanitation

survey (Form 32) for both phases of the study. In all, ten

variables were analyzed. Using the means of these as the dependent

variables, a linear model (2x2 factorial) analysis was performed for

each of the ten variables.

Statistical Analysis

Using the model, the pre- and post program means were estimated
for each sanitary behavior variable studied. These estimates, with
their associated standard errors, are presented in Table V.1.

From these estimates, secondary parameters (effect of community,
effect of time, community by time interaction) were defined, estimated
and tested for significance. The main effect of community is the difference
between the means of the two villages averaged over the two time periods.
The main effect of time is the difference between the pre- and post-
program means averaged over the two communities. The interaction effect
is the difference between Guanagazapa's improvement, if any, from the
pre-program to the pust-program period and Florida Aceituno's pre-
to post-period improvement, if any. This estimate represents the
difference in trends over time in the two viliages.

Results

The results of twenty seven significance tests are summarized
in Table V.2. A1l tests were two-tailed (i.e., no directional
hypotheses were prespecified). In interpreting these results, a decrease
in mean for three of the variables (garbage on the kitchen floor,
cleanliness of the kitchen floor, garbage in the yard) indicates improve-

ment while such a decrease is retrogressive in the other seven variables.
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TABLE V.1

Program Means of Observed Sanitary 8ehavior in the Home

Florida Aceituno Guanagazapa

Pre-Program Post-Program Pre-Program Post-Program

Variabla .
Description Mean S.E.* Mean S.E. Mean S.E. Mean S.E.
Family
Clothing 1.010 .032 0.993 .034 0.902 .031 0.886 .033
Informants '
Clothing 1.080 .031 1.150 .033 1.050 .031 9.975 .032

Fecal matter
Kit. floor 0.465 .021 0.613 .021 0.386 .021 0.222 .02

Garbage on
Kit., floor 0.688 .020 0.482 .,023 0.738 .020 0.560 .023

Cooked food ‘
.021 0.760 .,021

Covered 0.528 .021 0.44\ ,022 0.592

Garbage in

Yard 0.771  .020 0.444 .022 0.704 .019 0.329 .022
Wacer Cont.

Covered 0.778 .040 0.536 .040 1.190 .040 1.480 .039
Informants

Shoes 0.358 .025 0.445 .024 0.580 .025 0.619 .025
Yard swept

Recently 0.369 .021 0.333 .019 0.347 .021 0.670 .019
Latrine

Clean 0.470 .045 0.497 .050 0.479 .036 0.589 .03¢

*Standard error



Yariable

Family
clothing

Informants
clothing

Fecal matter
kitchen floor

Garbage on
kitchen fioor

Cooked food
covered

Garbage in yard

Water container
covered

Yard swept

Iinformants shoes

Main Effect
of Community

Sigq.

p<.01

p<.05

p<.01

p<.05

p<.01
p< 001

p<.01
p<.01
P<.01

TABLE V.2

Hypcthesis Testing for Sanitation Variables

Mirection

i?l q}l eﬂ
=nl Tl i

Main Effect
of Time

Sig. Direction
p>.05 T]=T2
p>.05 lerz
p>.05 T1—T2
p<.01 ?1>72
P<.01 T£>?]
p<.01 f2>Tl
p>.05 T2>T1
p<.01 T2>T1
p<.01 T2>T]

Interaction Effect
Community x Time

sig.

p>.05

p<.01

p<.01

p>.05

p<.01

p>.05

p<.01

p<.01
p>.05

Direction

(6y-Fp)= (6;-Fy)
(F,-6,)>(F;-6;)
(F,=6,)>(Fy-6;)
(F,=6,)=(Fq-Gy)

(Gz'F2)>(G1‘F1)
(6,-Fp)=(8;-Fy)

(6,-F,)>(6y-F;)
(6,-F5)>(6-Fy)
(6,-Fp)={6¢-Fy)

F=Florida Aceituno

G=Guanagazapa
— = Mean

T.=Period before educaticn program

T..=Period after start of program

66
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For the variable which measured the interviewer's rating of the
cleanliness of family clothing, families in Florida Aceituno were rated
significantly cleaner and both villages were rated significantly cleaner
in the period preceeding the start of the sanitation education program.
There was ao evidence that the health education program had any desirable
effect on this variable.

The interviewer's rating of the cleanliness of the clothing worn
by the informant (rather than the family as a whole), showed Florida
Aceituno, once again, to be significantly cleaner than Guanagazapa.

The average trend in time was not significant, nor was the interaction
of community over time. It was anitcipated that the availability of abundant
convenient, potable water in Guanigazapa would result in an observable
difference §n the cleanliness of the clothing of the female head-of-house
(the usual informant). However, this did not occur. The introduction

of piped water in Guanagazapa was followed by a number of changes in

the method of clothes washing. Previously, clothing had been washed

on rocks in the river, or at a communal pila which consisted of a number
of concrete wash sinks filled from a common water reservoir. Clothes
washing was a social opportunity for womem in the villages. Based on
observation, clothes were washed with greater frequency in the home after
introduction of water. Many families purchased individual wash sinks

and connected them to the water system. tomen reported that, while

they generally washed clothing more frequently, they washed smaller
quantities. Therefore, with increased water availability, women did

not wear clean clothing more often. Clothes washing was an all-day

chore before the introduction of water. Afterwards, washing was done

two or three times per week, requiring less time on any given day but
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not ‘impacting in a noticeable way on the appearance of the family clothing.

For the variable describing the presence of animal or human fecal
matter on the floor, Guanagazapa had sfgnificantly Tower means (desirable
for this variable). There was no significant average trend over time,
but there was a significant time and comrmunity initeraction. Thi: was
due to the fact that, while conditions {mproved over time in Guaragazapa,
they got worse in Florida Aceitumo. This pattern suggests that the program
did influence families in Guanagazapa to prevent or to remove vecal matter
contaminating their floors.

Reduction of fecal matter in the home environment was accemplished
in a variety of ways including introduction of latrines and building of
animal barriers. In addition, it seems unlikely that this reduction would
have occurred if fanilies had not become move sanitation conscious in their
behavior. The fact that the control community (Florida Aceituno) got worse
over time while Guanagazapa got better suggests that the program inter-
vention had an impact.

Guanagazapa had a significantly higher mea than Florida Aceituno,
averaged over time, for the variable which indicited whether or not cooked
food was kept covered. While Florida Aceituno got worse over time,
Guanagazapa improved. Thus, the average trend was an improvement in the
protection of cooked food. The time by community jnteraction was, therefore
significant and supports the conclusion that the desired behavioral change
did occur.

The education program presented to women consistently stressed
kitchen hygiene and the importance of keeping food and water in clean,
covered conteinerz. Women's programs were well attended and the interests

of participants were continually appraised in order to match programming
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with these interests. Cooking was of great interest. Cooking courses
which provided new receipes and integrated demonstrations on handwashing,
hygienic food and water storage were extremely well received. Homen
took pride in their cvoking, even though their rieans wave very Vimited.
Program implementation allowed for group cooking and the practice of
the new behaviors while building on the existing cultural mores.
Guanagazapa had a significantly higher average score (over time)
on K _CONTCY, a variable which indicated whether or not water containers
were kept covered. There was RroO significant trend in iime (averaged
over the two conmunities). However, change cama about because lorida
Aceituno was getting worse over time while Guanagazapa got better, leaving
the average roughly unchanged. The intereaction nf comnunity over time
was significant. Water, stored in the kitchen, was used for drinking,
cooking, and handwashing. Potable water was available throughout the
pre-educational period. However,it was not until after the program was
in operation that the hygienic storage of water took place.
In the case of the surveyor's observation of whether or not

the yard was swept, a crossover pattern was observed. In the pre-program

period, Fiorida Aceituno was slightly better than Guanagazapa. In

the post-program phase, however, Florida got worse, while Guanagazapa
got much better and finished with a mean nearly twice as high as that
for Florida. This interaction effect was clear and resulted in a
significant effect of increase over time and a significant community
effect with Guangazapa higher than Florida Aceituno. It was demonstrated
that families in Guanagazapa did improve the environment around their
homes during the study period.

The presence of garbage in the patio was also observed during
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monthly surveys. Guanagazapa had a lower mean, averaged over time,

for this variable. The number of times garbage was observed on the
ground surrounding the house decreased significantly over time, averaged
over the two communities. There was no significant interaction effect.
Although Guanagazapa was considerably cieaner than Florida Aceituno

at the end of the study, the results of this analysis do not suggest
that this was due to the sanitary education program since improvement
was also seen in the control community.

The presence of garbage or refuse on the floor of the kitchen
was noted on the survey forms. On the average, kitchen floors were
cleaner in Florida Aceituno than in Guanagazapa. Even though the sanitary
condition of kitchen floors did improve in Guanagazapa over the period
of the study, Florida followed the same pattern. This improvement
in garbage disposal on the kitchen floor cannot be attributed to the
education program in Guanagazapa.

Garbage threwn on the floor in the kitchen and on the ground outside
the house was not uncommon in both villages since food wastes were
often fed to domestic animals in this way. Actually this aarbade was
quickly consumed. Non-edible refuse was occasionally burned or buried
but usually it was dumped on the fringes of the property.

No attempt was made in the educational program to encourage
behavioral changes in the use of shoe.. However, during the monthly
surveys, interviewers noted whether the informant was wearing shoes.

This data demonstrates that the practice of wearing shoes, particularly
by the female hgad—of—househo1d. was seen more frequently in both villages
at the end of the study. Since no educational effort was made for this

variable, the change suggests a developmental improvement in family
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living standards.

Attitude Changes

The assumption underlying the health education program was that more
and more families in Guanagazapa would acquire new perceptions of sanitation
and change existing attitudes to follow those advocated in the
sanitary education program,

Longitudinal sample families were interviewed a total of six times,
three in 1975 and three in 1976. A mu)tivariate linear model was fit
separately for each variable on Form 41 (Assessment of Attitudes and
perceptions).” The six scores for a family over time were trcated as
six dependent variables, thus time was considered as a within-subject
factor. The community was treated as the between-subjecf factor in the
analysis. Conventional main effect and interaction parameters were estimated
and the corresponding hypotheses were tested. The following tests were
performed: (a) an examination of the difference between the two communities
averaged over time; (b) the difference botween the time periods averaged
vover the twe communities; (c¢) the difference between the trend with time
in one community and the trend with time in the other. Scores in
Guanagazapa weve expected to jncrease more rapidly than in Florida Aceituno
as a result of the education program.

Many of the changes in behavior related directly to the cultural
role of women. The data collected from the female head-of-household was
considered the most sensitive indicator reflecting attitudinal changes
in the family. However, A0 single response or perception could accurately
reflect the attitude of a family toward a wide range of sanitary improve-

ments. A series of questions, covering a number of dimensions, were used

*See Methodology Report
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and then summarized using a weighted scale.

The responses were ranked so that the highest score would reflect
those attitudes conforming to the goals of the program. The lowest score
reflected a negative or indifferent perception. These scores were veighted
and then added to produce a health education scale. The variables were
not weighted equally. Those considered more significant were the perceived
di fference between the quality of potabie and nonpotable water, attitudes
relating to the disposal of human feces, the perceived health implications
of domestic animals and flies in the kitchen, knowledge concerning the
causes of diarrhea in children, and the family's perception of the relation-
ship of personal hygiene and disease. These variables were given more
weight. Other variables, given less weight, were knowledge of the
cause of diarrhea in adults, knowledge of the germ theory, reasons
for handwashing and bathing by family members, and the use of soap
in the house.

Together, these weighted variables formed a summed health educa%ion
scale. A sanitation perception scale was computed for the longitudinal
population sample for both Florida Aceituno and for Guanagazapa. There
were three tests in 1975 and three tests in 1976 at approximately equal
intervals. Each community was surveyed during the same months. The first
data point wepresents a baseline before the start of the educational program.
Table V.3 shows the changes which occurred in the weighted means of health
behavior and perception variables over time as measured by the health

education scale.
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TABLE V.3

Percestion Scale Over Time

1975 1976
Community nr 2 1 n 2 13
Florida Aceituno 182.7 210.7 204.7 213.7 2¥9.4 219.3
Guanagazapa 185.7 232.2 238.9 274.4 262.9 268.3

*ppior to health aducation program.

Based on this scale which represents changes in perception but not
necessarily in bhehavior; the community main effects, the time main effacis,
and the community-time interaction effects were ail significantly different
at p<.001.

Since the health edvcation population sample was considered vepre-
sentativa of each village, the conclusion can be drawn that this program
clearly reached the residents of the experimental village and influenced
their attitudes rolating to the sanitation changes, Whether these
changes in attitude and perception will become permanent is not
known.

Hater Uses

Although it was anticipated that Guanagazapa families would bath
more frequently given a ready supply of available water, no significant
di fferences were reported in the year following the introduction of the
health education program. In both communities, women reported bathing
eleven times per month on the average.

The change in perceptions of Guanagazapa women with regard to differences

between tap water and river water was significant. Guanagazapa residents
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generally described potable water as cleaner and recognized that it was
treated,while non-potable water was described as dirty and could carry
disease. In Florida Aceituno, the benefits of treated water were not as
frequently associated with cleanliness or healthfulness. People

did not distinguish between well water, river water and tap water.

These perceptions on water use, although different in the two communities,
were not noticeably translated into behavior change over the time period
measured. The data compares perceptions only between 1975 and
1976, which is a very short period for behavioral changes to occur.

Cultural mores on bathing and handwashing included the belief that
bathing while menstruating, 111, or lactating had deleterious health
effects. In the latter case, water was thought to "chill" the mother's
milk, making her and the infant more prone to0 diseases. Menstruation and
pregnancy were considered to place the body in a "hot" state. The shock
of cold water to this person was considered haymful. Men, returning from
work in the fields who had perspired and whose hands were "hot" from working,
believed that the chill of handwashing would cause arthritic or rheumatic
symptoms to appear. The educational program did not attempt to change
these widespread beliefs. The emphasis was on behavioral rather than
cultural change. Thus, the change in the health belief system was not so
much marked by the replacement of old beliefs with new ones,but by providing
additional modern explanations for the behavioral changes being advocated
through the health education program.

Guanagazapa residents reported poorer handwashing behavior than did
Florida Aceituno at the start of the study. While both communities showed
significant improvements over time, Guanagazapa' change was dramatic and

the interaction effect was statistically significant. This suggests that
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improved handwashing in the experimental community was produced as a result
of the educational program.

The program placed emphasis on the need for handwashing,using soap
in addition to water. The village perception of handwashing was "any contact
with water'. The program sought to improve handwashing methods, frequency,
and the use of soap. Field surveyors asked the female head-of-household
to recall when she normally washed her hands during the course of a day.
The frequency and purpose for each handwashing was then: recorced.

The reasons for handwashing were analyzed and handwashing before
food handling and handwashing after defecating or urinating showed a
significant community by time interaction effect. These findings further
support the conclusion that program efforts did change hygienic behavior,
particularly those most closely linked to fecai-oral contamination.

Latrinization

A 1972 housing survey showed that 32% (66) of the households in
Guanagazapa reported having a latrine although no visual inspection was
made. Observations made later indicated that usage varied and that many
families failed to use the latrines they owned. A Community Betterment
Committee was formed to set guidelines for the introduction, sale and

control of latrines. The guidelines, discussed in the Methodology Report,

were designed to encourage optimal usage by the family and to overcome
difficulties encountered in a previous program o encourage latrine
construction some seven years prior to the current study.

During the period between Moy 1975 and the close of the field program
in the summer of 1976, seventy-nine new latrines were installed in
Guanagazapa. This result is significant since almost no construction of

latrines was seen in Florida Aceituno during this period. Seventeen of
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the new latrines were constructed at homes which already had Tatrines.
The old latrines were either in a state of disrepair or otherwise
unacceptable to the family.

Latrinization is a difficult innovation to introduce, particularly
among population groups whose previous custom is to defecate by squatting.
Latrines were made available for village houses in Guahagazapa by the
Guatamalan government. Utilization required, in addition to a change in
behavior, physiolcgical changes in the use of abdominal muscles. ' This
factor complicated the change effort needed to accustom the family to this
innovation.

Eighty-two percent of all latrine construction occurred in houses
with water connections in the patio. This linkage between sanitation
improvements implies a directional change which can be related to the
health education program. Eighteen percent of the latrines served two
or more families, however most latrines were used by members of a single
household. Generally, latrines were well maintained once they were constructed.

The building of a latrine represented a special effort by the family.
The cost of construction varied between $1 and $30 depending on the materials
and labor source the family used. However, the majority of families (68.5%)
spent under $2.00. In order to limit the cach outlay, the pit was usually
dug by the male head-of-househoid and the building was constructed from
materials which were free or inexpensive and readily available. Scrap
wood, cane and bamboo were the most common wall materials and tin was
usually used for the roof.

Thirty-nine latrines were installed during the months of November
and December 1975. This effort followed a community program, led by the

Village Betterment Committee composed of local men, to organize groups
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of families throughout the village for six informal discussion sessions
regarding sanitary innovations in the home. Two of these sessions verve
devoted to the subject of latrines. One session concerned construction
and included a visit to a latrine already installed by a local family and
another was devoted to cleaning, usage and maintenance of the latrine.
These meetings were held during October and November,at the end of the
rainy season. This season appeared to be the best time to construct latrines.
Soil conditions were ideal and village men had the time to provide the
necessary labor. A similar promotional effort the following spring, at
the height of the dry season, was disappointing. Even a sound promotional
program could not encourage the men to construct latrines during the dry
season when the soil became rock hard after months of no rainfall.

In November 1976, after the field program ended, latrines continued
to be installed at a rate of about two per month.

The sanitary inspector re-visited homes with latrines during 1977 to
ascertain usage. This was after the program terminated. The
Betterment Committee had assumed responsibility for the distribution of
latrine materials during this period. Families continued to request latrines
with a slow but steady rate of adoption. Visual inspection and discussion
with families by the inspector confirmed that latrines built during the
educational program were still being used and vere adequately maintained.
Only one family had stopped using their latrine.

No significant differences in the perception of latrine usefulness
was found between those families in Guanagazapa who built latrines and those
who did not,as determined by attitude surveys. However, the guidelines

for the latrine program as daescribed in the Methodology Report

required that the family make a considerable time investment in digging
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the pit before a latrine could be obtained. Based on informal discussions
with families the effort expended before installation was important because
it helped insure a committment for usage. The male head-of-household
usually spent three to five days in excavating the pit and latrines could
not be purchased until the excavation was complete. The factor that
differentiated those who were willing to provide funds and labor for a
latrine from the unwilling is not identifiable from the surveys.

The principal promotional effort that precedad the sharp rise
in latrine construction during November and December 1975 was done by
selected villagers. Many of these had recently fnstalled latrines for
their households. These loral men and their families could discuss
the advantages and difficulties they encountered in building and using
a latrine from their own experience. Although many villagers were aware
of the fact that latrines were available, 1t was not until after
recommendations by neighbors and an opportunity to visit an installation
that many families adopted this improvement.

Animal Barriers

The most commonly owned domestic animals (dogs, pigs, chickens) were
kept in the house or in the yard. Many homes consisted of a singie room
and no attempt was usually made to keep the animals out of the kitchen
segment. The sanitary education program premoted the construction of
barriers to prevent the entrance of animals.

Pigs were considered a source of ready cash and financial security
to the family rather than a source of food. A piglet could be purchased
at little expense, and with care and minimal feeding it could later
be sold for ready cash. Women and children were responsible for the care

of the pigs. 1In a tropical climate such care required close attention
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since pigs can easily become overheated and die Trom heat exhaustion.

Thus, pigs were nct allowed out of sight for very long. During the mid-
afternoon, it was common for them to be sheltered from the sun inside the
house. Pigs were allowed to roam the yard and scavange for food. Building
pig pens would have been expensive and would have necessitated feading them
and removing fecal material. Thus, pig pens vere not considered as a
practical alternative.

Chickens were kept for a ready source of eggs and were later sold
rather than being eaten by the owner. They were also allowed to scavange
in the yard and in the house and were often seen on food preparation
surfaces and eating tables.

There was a belief by some villagers that animals that were put in
a pen were more susceptible to disease. However, there were no cultural
mores against barring them from kitchen areas. The design for kitchen
barriers called for inexpensive materials such as cane or small branches.
These could be secured to the door frame with nails and a piece of rubber
cut from innertubes.

In Guanagazapa, forty-eight households built these animal barriers
between June 1975 and the end of the field study. This was highly sig-
nificant since virtually no barriers were installed in the control village
during the same period. Data collected from the two communities showed
differences in the perception of the harm associated with the presence
of domestic animals in the house. Ten percent of the families in Florida
Aceituno saw no risks associated with the presence of domestic animals
while less than two percent of the families in Guanagazapa felt this way.
Although there was no significant measurable change in this perception

over time in Guanagazapa, the installation of animal barriers sujgests
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a greater readiness to initiate new behaviors.

Community Participa:ion

Family participation in all activities related to the health education
program was measured. Attendance at group sessions and hours of participation
by each family were recorded. Two hundred aad Tive familias i{n Guanagazapa
participated at least once in a planned program. The hours of attendance
for these families ranged from one to tvo hurdred sixty with an average
of thirty-seven contact hours for each participant family. The total
number of contact hours with jndividuals in the community during the program
was seven thousand five hundred and sixty two. This extensive contact
was achieved through the use of group multiplier methods. In general,
no more than two or three program sessions, requiring supervision by the
field staff, were scheduled per week.

Regular sessions for women met once per week in the afternoon for
about two hours. Forty to ¥ifty women were usually present. A total of
three thousand one hundred and eighty-six contact hours or 42% of the total
affort was directed to women. The men's Betterment Committee meti once per
veek for two to three hours in the evening, except during the wo month
period when they were preparing for the community extension project. This
latter project involved two sessions per week of about three hours and
was attended by a core group of some thirty men. A total of three thousand
five hundred and nine contact hours or 46% of the total hours were directed
to men in the community. The same men's group organized additional meetings
in the cormunity to discuss sanitation methods. Each team invited from five
to ten families to participate in cix two-hour sessions. Some eight hundred
and sixty-seven contact hours (11%) of the total program effort were

completely organized and carried out by these village groups.
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The field team responsible for health education ccnsisted of two
women with a high school education and the part-time support from the health
post physician. A Sanitary Inspector helped with latrine installation and
group sessions for men. Nurses from the health post were integrated into
special activities such as midwi fery training. A Health Education Consultant
was responsible for the overall program design and operation.

Group methods as opposed to jndividual contacts or home visits were
observed to be more effective because: (1) group methods allowed for
greater participation by community members without increasing staffing
requirements. Rather than spending one hour visiting one family, the staff
could meet with a group of twenty to thirty persons at the same time; and
(2) group methods seemed to encourage the assumption of family responsibility
for changes. Group methods serve to increase peer pressure and mutual
support for change. Where the potential for bekavioral change was likely
to be difficult, as in the construction of latrines or animal barriers,
families became aware of the problems through discussion before trying the
innovation. Thus, their actual experience in trying the new behavior matched
their expectations. Difficulties encountered were not a surprise. Families,
listening to peers discuss their experience, seemed more prepared to deal
with problems and accept them as part of the adaptive prou=ss.

Relationship of Participation to Change

The relationship between behavior change and attitudes was examined.
Specific behaviors such as the covering of fcod, the covering of water
containers, keeping fecal matter off the floor, sweeping the yard, making
a water connection, building an animal barrier, and installing a latrine,
were analyzed. Although significant changes in the attitude of the community

members can be attributed to the senitary education program, the question
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remains unanswered as to the connection between attitude and behavior
change at the family level.

Pearson product moment correlation coefficients were computed to
establish the association between the degree of family attitudinal change
and the level of observed behavioral change. With two hundred and three
observations, no singificant association was found. This seems to point
to the independence of the two phenomena. It is clear that the program
did produce attitude changes and behavior changes in the population of
Guanagazapa. However, these two effects appear to be independent indicators
of the program processes. At the family level, no association was observed
to exist between attitude and behavioral change.

The behavioral scale was correlated with total hours of participation
in the health education program, to determine the association between family
participation and behavior change. The Pearson product moment correlation
coefficient was 0.44. This s a hishly significant association with a
p<.0001. This firding is very important because it supports the value of
the approach used in designing and implementing the program.

Summar

Emphasis was placed on group multiplier methods to increase
the opportunity for community participation. Programing was ¢ signed
to maximize villager involvement and minimize the number of required field
personnel. An important part of the methodolgoy was that community needs
and interests were considered in the program design whether or not they were
directly related to health or sanitation. This was done to maintain interest
and to attract as many participants as possible to some or all phases of
the program.

The health educaticon program was designed to change sanitation behavior
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in order to maximize the benefits arising from the potable water system.
Analysis of results indicates a marked program impact on the attitudes
and behaviors of the experimental community. SignifTicant differences were
observed in the cleaniiness of the yard surrounding the house and in food
ana water storage methods. Guanagazapa families adepted the practice of
covering food and water confairers to prevent centamination. Alsg, Tasilies
became more vigilant with vegard to the presence of fecal matter in the home.
No significant change was noted in the cleantiness of family clothing or
in the amount of garbage seen around the home. Handwashing practices did
improve but the frequency of bathing did not change.

Attitudes toward health and sanitary improvements clearly changed in
the experimental village as a result of the program. However, no association
between attitudes and Lehavioral change was found. Participation by community
members in the health education program was strongly associated with

subsequent behavioral change.
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Vi. Digestibility Studies {Reference poputation)

The human gastrointestinal tract is not one nundred percent efficient
in digesting and absorbing fucd or in metabslizing the absovbed nutrients.
It 1s necessary to take into account the extent to which the ingested food
is digested and absorbed in order to determine the wsount of encrgy made
available to the budy from a nutrient. The s¢¥iciency of digestica
varies from one food to another. The relaticnship betwzen the amount of
nutrient in the ingested food to the amount of nutrient which is excreted
in the feces is termed the ccefficient of digostibility. This coefficient
is a measure of the completeness of digestion and the difference between
intake and output represents that portion of the ingested food which was
digested and available to the body.

The diet regularly consumed by individuals 1iving in the rural area
of Guatemala (Pacific lowlands) is characterized by its high content of
corn and beans and a minimal amount of food of animal origin. Information
regarding the digestibility and biological value of this diat is fragmentary.

In order to obtain this information, studies viere dome on healthy
soldiers who were designated as 2 npeforence” group to whom other
Guatemalan populations could be compared. These soldiers were all born
in the Pacific lowlands of Guatemala and had been Tiving, during the
jmmediate eighteen months to two years priov to this study , at a militavy
jnstallation near Guatemala City. The lavel of envirommental sanitation
at the military post was higher and the diet quantitatively superior to
that available to the rural population in the test and control villages.

1. Summary of Results

The data obtained from 13 of the soldier-subjects, who were hospitalized
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duving the full period of this study, is presented here in some detail.
statistical analysis indicated that the variahility between the results
of Balances & through 7 weve less marked than that observed during the
previous balance periods. This is interpreted as evidence that, during
galance & through 7, the subjects were maximaily adapted to the rural
metabolic corn and bean diet. The mean ahsorption values derived from
these four balance pericds wore used as “normal intestinal abscrption
criteria® for calories, nitrogen and fat for voung Guatemaian males.
The values, using a hierarchal statistical analysis, were 92.3% absorption
of calories, 85.6% absorption of nitrogen, and 86.0% absorption of fat.
After evaluating the distribution and behavior of absorption of the
three compenents in the subjects studied, the lower third of the
distribution curve, rather than the mean, was chosent as "noymal". There-
fore, 90.5% for the absorption of calories, 82.5% for the absorption of
nitrogen, and 83.5% for the abscrption of fal were selected.

2. Sumnary of Conclusions

a. This vork represents the first study to evaluate the digestibility
of a mixed diet containing large amounts of corn and beans such as the
one regularly consumed in rural Guatemala.

b. The "values” derived from this study for the “normal” intestinal
absorption of calories, nitrogen and fat for subjects on the rural
Guatemalan diet are more reaiistic than those currently availabie firom
the Viterature. This literature js more applicable te North American
and Western Euvonean dievs.

c. The us2 of these values permiis a scientific approach to
evaluation of the efficiency of the gastrointestinal system of rural

Guatemalans in regard to the absorption of a diet similar to that which
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they regulariy consume.

Detal icd Assessment of Digestibility and Bintogical Yalue of a Mized

Corn-Bean Rural Guatemalan Diet

The principal objective of tnis digéstibi%ity stndy was to evaiuvate
the capacity of the gastrointestinai tract of a “refevence populatien”
to absorb the 2,800 Calorie diet which was peitized st the vurel metabolic
ward for village subjects. A second objective was 19 determing values
for obligatory nitrogen loss in this "referemce populatien” abile they wers
receiving an essentially nitrogen-Tree diet.

The results were used to provide an operational definition of
absorption for comparison with subjects Tiving in the Towtands of
Guatemala. The experimental design permited an eshinale of the variability
of absorption and excretion of the components of this diei, including
subject-to-subject variability and veriabiiity within-a=-subject fvom one

balance to another.

1. Experimental Design_and #ethodoloay

The reference popuiation was a group of healthy Guatemalan males
between 18 and 25 years of age with the same or similar ethnic and
environmental backarounds as the village subjects but who had been 1iving
under betier sanitary conditions for two years prior to the study.

‘SOIdiers from the Guatemalan army, who Were born in the Pacific lowlands
of Guatemala, but had been living for the last 2 years at the "HMariscal
Zavala" military post near Guatemala City met Chese criteria.

The protocol to study this reference population included three
phases:

a. Phase I: Selection of the study subjects and specification of

the Mariscal Zavala Diet (M.Z. Diet).
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L. Phase 1i: Determinmation of the obligatory nitrogen fecal Yoss.
c. Phase 11I: Detailed absorption studies using the Rural Hetabolic
piet.
Phases 13 and 111 were carried out in & 10-bed motabolic ward built at
Mariscal Zavala (nfirmary. Speciaily trained persoanat, under the direction
of @ nutritionist, closely supervised the subjects during the studies.

Phase I: Seloction of the study subjects and specification of the

Mariscal Zavala Biet (M.Z. Diet)

1. Selection of the study subjecis. Cne hundred soldiers between
18 and 25 years of age, born 1a the Pacific lewlands of Suatemala and who
had Vived for 18 months to 2 years at the Mariscal Zavala barracks, were
jdentified. Nineteen of these subjecys wers selected. The selection
criteria were: normal phiysical exemination, normal d-Xylose absorption,
normal urdine and hematological analyses, three consecutive negative stool
examinations for ova and parasites, normal 24-hour urinary creatinine
excretion, and a weight/height ratio above 34 (Ki]ograms/meters).

2. Specification of the Mariscal Zavala Diet (M.Z. piet): The
daily dietavy intake of the 19 selected scldiars was carefully investigated
using both the 24 hour recall and divect weighing metiods (Table VI.1}.
This information was used to define two differers diets: The "N.Z. Diet®
which was equivalent to the diet regularly consumed by thesa soldievs, and
a “modifled M.Z. diet" containing the samz foods components as the M.Z.
diet but vormulated with lesser amounts of each food in ovrder to provide
only 2,800 Cais/day. Both of these diets were used in Phase III of this
study. Although eguicaloric, the compcnents of the modi fied M.Z. diet
and tne vural metabolic diet were very different {Table ¥I.2), particularly

in their content of beans and corn:



TABLE VI.1

Daily Dietary Iantake of 19 Soldiers Studied
Mariscal Zavala" Uhile On Active

At The "Regimiento
puty (1974)

Valuas, 24 Hours

CALORIES (metabolizable).........ccveeeenns feeeeeriennseanrsenasseaensane et ieeeeeessaeeseses3096G £ 62 Keal.
Beans 580 + 39 Cals. = 18.5 + 1.0 % of total
Corn 538 + 5 Cals. = 17.5 + 0.3 % of total
Beans + Corn 1178 + 44 Cals. = 35.0 = 1.0 % of total
PROTEINS ... ceoveeescansscacascssonasscoss Veeerasesses . smssancsnnsvse Ceeesecsnens ceeceessanns 107.11 + 2.2 grams
0f animel origin 4017 + 2.9 g. = 36.5 + 1.6 % of total
O0f vegetabie origin 3.8 + 1.9 g. = 63.5 1.6 % of total
TS e e eveeveensensasnsosasnsssnssnsoesssssesssassssasontcsosroseronossnenss cesesessases ...00.30 £ 2.0 grams
Of animal origin 25.2 + 2.9 g. = 43.9 2 3.0 % of totai
0f vegetable origin 31.6 + 1.6 g. = 56.1 £ 3.0 % of total
PER KILOGRAN OF BODY WEIGHT
CALORIES = 48.8G = 2.02 Calories
PROTEIRS = 1.78 * 0.05 grams
FATS s 7.08 % 0.08 grams

*Mean = S.E.

L1
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Comparison of the "Medified Mariscal Zavala Diet” and the
trural Hetaboiic Diet"

sodified HMariscal

Rural Metabolic

Component Zavala Diet Diet Units
gty* (% of Total) - Qty* (% of Total)
Total Calories {bomb) 3037 N 100% 03 +0,1 100% Keal
From beans 568 +14 190% 528 +0.0 17%
From corn 589 =+ 0.0 19% 1266 +0.0 414
Beans, corn
combined 1187 14 38% 1794 0.0 58%
Total Nitrogen 18.2 = 0.10 100% 18.1 #0.02 100% g
Total Protein 113.7 + 0.6 100% 113.1 0.1 100% g
Animal origin 43.1 + 0.2 38% 38.9 0.1 34%
Vegetable origin 70.6 + 0.6 62% 74.2 0.0 H6%
Total Fats 38.7 + 0.2 100% 32.5 20.0 100% g
Animal origin 14.9 + 0.2 39% 7.0 0.01 22%
Vegetable origin 23.8+ 0.1 61% 25.5 0.0 78%

*mean + S.e.
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Diet Modi fied ¥.Z. Diet Rurai Diet

Approx. Bean: Corn Ratio 1:1 1:2.4

Percentage of Total Calories
provided by corn + beans 39% 58%

Phase 1I: Determination of the obligatory nitrogen fecal loss in healthy

soidiers

A Tow nitrogen diet (Table VI.3) was specially prepared for this
purpose. Due to limitations of beds in the ward, the 19 soldiers had to
be divided into two groups. Group 1 was studied in October 1974 and group
2 in November of the szme year. The protocol was the same for both groups:

Day 1 = Admission to the metabolic ward. Physical checkup.

Day 1-3 = Fed the reqular M.Z. diet. No balance study.

Day 4-6 = Adaption period to the low-nitrogen diet; 3-day balance

study (Balance A).

Day 7-13 = 7-day balance study; subjects on low-nitrogen diet (Balance B).

Day 14-16 = Period of readjustment to M.Z. diet; no balance study

The total period spent on the low-nitrogen diet was 10 days and a
careful record of each subject's daily intake was kept. Biological material
(stools and urine) were collected and analyzed to determine their nitrogen

content.

Phase IIX: Detailed absorption studies using the rural metabolic diet

The protocol for this phase required 29 days of hospitalization. The
activities carried out during this period of time were as foilows:
Day 1-4 Mariscal Zavala ad. 1ib. diet (no control on conshmption);

Day 5-8 Modi fied Mariscal Zavala diet (~2800 metabolizable calories/
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TABLE VI.3

Low-Nitrogen Diat Given To Soldiers
In Periods II-4 and II-5

Quantity Per

Component Day (grams)
Juice, Tang 20
Sugar 61
Bread (H-free Paygel G flour, General Mills) 360
Honey } 34
Coffee : ' 12
Margarine 10
Soft drink - 579
Pudding 95
Marmalade 70
Cookie (N-free Paygel G flour + corn and cotton seed oil +
flavoring) 11
Soun (n-free corn flour starch + flavoring + water) 480
Toast (N-free Paygel G flour, General Mills) 23

Vitamin supplement

Approximate daily total intake
Nitrogen 0.6 grams

Metabolizable calories 2500-2600 Kcal
Fat 33-34 grams




121

day); A-day balance study (Balance 2).

Day 9-11 Adaption to Rural Metabolic Diet; no detailed absorption
(balance) studies.

Day 12-14 Rdaption to Rural Hetabolic Diet; 3-day balance study
(Balance 3).

Day 15-17 Rural Metabolic Diet, 3-day balance study (Balance 4).

Day 18-20 Rural Metabolic Diet, 3-day balance study (Balance 5).

Day 21-23 Rural Metabolic Diet, 3-day balance study (Balance 6).

Day 24-27 Rural Metabolic Diet, 4-day balance study (Balance 7).

This Phase II1 group was augmented by one additional subject (not in the

original 19) who had been screened at Phase I and had met all criteria for

admission to the study. Only 14 of the original group of 19 soldiers were

studied in this phase.

Phase III-1 was a "be;eline study" of absorption characteristics of the
soldiers on their usual d{ét.. Phase I11-2 was a second "baseline study"
of the soldiers on the "Modified Mariscal Zavala Diet" (Table ¥I1.2) which
was a controlled diet but differs from the "pural Metabolic Diet". In
Phases II1-3 through 111-8, the soldiers werc subjected to the "Rural
Metabolic Diet," also summarized in Table IV.2. Phase I1I-3 is wholly
an adaptation period and no balance studies were performed. Adaptation
continued in Phase III-4 but balance studies were performed. Phases 111-5
through I11-8 (Balances 4-7) were directed toward establishing reference values

As mentioned earlier, the "Modified Zavala Diet” (*MZ") and the "Rural
Metabolic Diet" ("RD") differ in the bean:corn ratios and the proportion
of Calories provided by corn and beans combined.

Results

Nineteen soldiers were studied. Table IV.4 is a summary of some selected
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TABLE VI.4

General Characteristics of 15 Soldiers
studied In Phase Il

Unit Measurement
D-Xylose % 28.30 + 1.20*
Age years 20.70 + 0.30
Body Weight Kg 60.10 = 1.17
Height cm 164.0 = 1.20
Body Surface meter2 1.66 + 0.10
Weighi/Height Kg/meter 37.00 = 0.01
Plasma Proteins ] 8,10 £ 0.20
Hemog . abin g/100 ml 17.40 + 0.40
Hematociit /100 m} 49.00 + 0.62
Urine Analysis Normal
Direct Stool Examination Essentially Negative

* Mean + SE
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clinical measurements of the 15 soldiers who completed Phase II.

1. Daily Dietary Intake Of Healthy soidiers On Active Duty

Tadle V1.1 summarizes the average daily foed intake of 19 soldiers
surveye¢ tor 3 consscutive days while on active duty and eating the regular
Mariscal Zavala Diet. The caloric intake in these subjects was of
3094 + 52 {mean * SE) metabolizable Cals/day. The bean:corn ratio
was 1:1 with beans and corn providing 362 of the total caloric intake.

The average intake of proteins was 107.1 + 2.2 g/day. of which 36.5%

was of animal origin and the rest of vegetable origin. The fat intake
was 60.3 £ 2.0 g/day including 43.9% of animal origin. The quantities
of calories, proteins, and fat ingested per kilogram of body weight mect
the nutritional requriements of the individuals in the study.

2. Determination of Ohiiocatory (Endogenous) Nitrogen Excyation

0f the 19 soldiers admitted to the metabolic ward, only 15 completed
the studies described in Phase II of this program. Table VI.5 contains
a summary of the results obtained during the two balance periods while
these 15 subjects were on the low nitrogen diet. The intake of nitrogen,
calories, and fat remained fairly constant during the 10-day period
of the nitrogen-free diet. The amount of nitrogen and calories present
in the stools every 24 hours decreased significantly from Balance A (days
4-6) to Balance B (days 7-13). Fecal nitrogen decreased from 1.8 + 0.26
g/day (mean % SE) to 0.9 + 0.07 g/day and fecal calories decreased from
167.8 + 20.2 Cals/day to 82.3 6.22 Cals/day. Fecal fat also decreased,
but only slightly, from 3.9 * 0.45 g/day to 2.6 + 0.32 g/day.

Tnhe improvement in the absorption of nitrogen,calories, and fat during
Balance B was refiected in a drop in the fecal content of all these

nutrients since the intake remained fairly stable.
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TABLE VI.5

Summary of Detailed Absorption Studies in 15 Healthy Soldiers
Given A Low Nitrogen (Nitrogen-Free) Diet

Heans
Age (years) 20.7 + 0.30%
Body ieight (BW) (Ka) 60.1 % 1.17
Height (cm) 164.0 £ 1.20
Body Surface (mz) 1.66 + 0.10
Intake Yalues/24 Hours

Balance A Balance B
(days 4-6) (days 7-13)

Nitrogen Intake/Day

Intake...ccoooenvee total mg 598 + 11.0 598 + 11.0
mg/Kg of BW 9.6 + 0.50 9.6 + 0.50

St00TS.eeeencovens g 1.8 £ 0.26 0.9 + 0.07
Caloric Intake/Day
Intake..ccoeeeeces total Kcal 2530 + 68.0 2527 + 58.4

Kcal/Kg of Bw 42.3 + 0.90 42,1 £ 0.60

Stoo1S..ceceencancs Kcal 167.8 + 20.2 82.3 + 6.22
Absorption........ % 93.0 = 0.86 96.6 + 0.25
Fat Intake/Day
Intake...ccovnveee total grams 34.4 + 0.30 32.9 + 0.29

mg/Kg of BW 0.55 + .01 0.52 + 0.02

371101 F- g 3.9 + 0.45 2.6 + 0.32

Absorption........ % 88.6 + 1.32 91.2 + 0.96

*Mean + SE
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Table V1.6 summarizes endogenous nitrogen excretion (urinary and
fecal), urinary creatinine excretion/day, changes in body weight, and the
concentratic. . plasma proteins during the first 3 days and the last
3 days of the 10-day period on the Tow nitrogen diet. The body weight of
these individuals remained stable all through this period. Average 24-hour
urinary creatinine (expressed as the total amount excreted, mg/kg of BW
or mg/cm of height or muscle mass) did not change. The concentration of
plasma proteins decreased from 8.6 * 0.1 g (Balance A) to 7.4 £ 0.1 g
(Balance B). The endogenous nitrogen excretion also decreased significantly
from one period to another. In the urine, these subjects excreted an average
of 5.1 + 0.27 g of nitrogen/day (equal to 82.1 4.4 mg/kg of BW) during
days 1-3 while during the last 3 days, the urinary nitrogen decreased
to 2.6 + 0.10 g/day (equal to 42.8 + 1.6 mg/kg of BY). The daily decrease
in endogenous urinary nitrogen excretion is presented in Figure Vi, It
can be seen that the decrease occurred mainly during the first 5 days.

From the 6th day on, the urinary nitrogen excretion remained stable, between
2.25 + 3.00 g/day (40-42 mg/kg of BW). On the other hand, the fecal
nitrogen was 1.8 + 0.26 g/day (30.4 * 4.1 mg/kg of BW) during Balance

A and decreased during Balance B to 0.9 * 0.07 (14.8 + 1.2 mg/kg of BW)
(Table VI.6).

The behavior of these subjects while on a nitrogen-free diet was
similar to that described in healthy individuals from industrialized
countries. It is important to note that the body weight and the urinary
excretion of creatinine did not change significantly during the 10-day
period of study. The total nitrogen intake of 0.6 g/day was similar to

that used by Calloway and Margen (1971)] and others. Nevertheless, when

]Ca11oway. D.H., and S. Margen. J. Nutrition 101: 205-216 (1971).
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TABLE VI.6

Endogenous Nitrogen Excretion Of 15 Healthy Soldiers
On A Low Nitrogen Diet

Measurement Days 1-3 Days 8-10%
Body Weignt (Kg) 60.7 £ 0.70** 60.1 ¢ 0.70
Serum Proteins (g) 8.6 + 0.10 7.4 + 0.10
Urinary Creatinine/Cay
Total milligrams 1266 + 68.0 1240 + 60.0
mg per Kg BW 53.4 = 3.00 54.1 + 4.30
mg per cm Height 144.3 + 7.50 150.8 + 11.4
Muscle mass (Kg) 25.1 = 1.40 26.9 + 1.20
Urinary Witrogen/Day
Total grams 5.1 + 0.27 ' 2.6 + 0.10
mg per Kg BU 82.1 + 4.40 42.8 = 1,60
g per g creatinine 4.2 + 0.16 2.1 £ 0.0
Days 1-3 Days 4-10
Fecal Nitrogen/Day
Total 1.8 + 0.26 0.9 ¢ 0.07
mg per Kg BW 30.4 + 4.10 14.8 + 1.20
mg per cm Height 11.2 £ 1.60 5.4 + 0.40
mg per 100 Kcal eaten 76.5 + 10.7 - 36.9 + 3.00

* Days on N-free diet.
*% Mean + SE



FIGURE VI.1

Endogenous Urinary Nitrogen Excreticn By 15 Guatemalan
Soldiers Given A Low Nitrogen (Nitrogen-Free) Diet For 10 Days
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this intake 1s expressed per unitﬁof body weight, the intake of 9.6 my/kg
of BY s higher than the & mg/kg of BH calculated by Young and Scrimshaw
(1968)]. This difference is due to the faci that our subjects ware smaller
and thinner than the individuals in the cited studles. Even 5o, the

ameunt of endogenous urinery % cbtained during the last 3 days of the study
(42.8 + 1.5 mg/kg of pi/day) falls within the range reported by Calioway
and Margen. Fecal nitrogen during the same period was 14.8 .2 mg/Ry

of Bl/day which 1 similar to shat reported by the FAG/UHO Expert Committee
(1973)2. Thus, it was concluded that the obligatory nitrogen fecal loss/day
of healthy aduit Guatemalan males, living at 4800 Veet of altitude and with
an average temperature of 22.28°C, is on the order of 14.8 + 1.2 mg/kg

of body weight.

3. Detaiied Rural-Diet Absorption Studies

The principal objective of Phase 111 was to estabiish accurate reference
values for absorption and excretion of nitrogen, fat, and calories. These
reference values can be used to define malabsorption as measured in other
Guatemalan popuiations.

0f the 19 soldiers studied in Phase II, only 15 were wvailable for
study in Phase III. puring the course of phase III, two of the 15 subjects
experienced substantial diarrhea and were dismissed from the study. WO
data on these two subjects are presented. In addition, subjects 061
and 064 experiznced very mild, or marginal, cases of diarrhea during
Balances 7 and 6, respectively. The indications of diarrhea were: more
than 3 bowel movements in a 24-hour period, stool volume greater than the

average volume from previous days, and stools had changed from solid to

YYoung, V.R. and R.S. Scrimshaw. Bv. d. Nutr. 22: 9-20 (1968).

ZHorld Health Organization Technical Report Series, No. 522. FAD
Nutrition Meetings Report Series, No. 52. published by FAO and WHO,
121 ps., 1973.
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semiliquid or Tiquid. Heither subject presenied mucus or blood in the
stools. These marginal casas of diarrhea vere determined not to be
sufficiently severe to warvant exclusion of the data from swimaries of
results or estimates of reference values.

Table VI.7 contains a susmary of the detailed absorption studies of
Balances 2 to 7. It can be seen that the intake of nitrogen and calories
in the subjects was very similar during Balances 2 through 7. Fat intake
was relatively stabie except during Balance 2 when the soldiers vere
receiving the 2800 Calorie aodified "Mariscal Zavala® Biel. In contrast.
the fecal excretion of nitrogen, calories, and fat fluctusted fram balance
to balance. Figures VI.2 and Vi.3 show the pattern of this behavior.
Figure V1.2 presents the changes in ihe avevage fecal Toss of nitrogen,
calories, and fat during Balances 2 through 7 as wall as the respective
absorption of these constituents. A significant increase in the fecal
content of nitrogen and calories occurved during Bailawce 3, indicating a
decrease in absorption. From Balance & to 7, the amount of nitrogen and
calories present in the stools did not change substantially, aYth@ugh'

a slight improvement in the abscrption of both was observed during Balance
7. The absorption of nitrogen in Balance 7 was 87.9 = 1.4%, and that of
calories was 93.0 + 1.3%.

The differences in the content of fecal nitrogen, calories, and fat
between Balances 3 and 7 and their absorption is summarized in Figure
VI.4. The amount of the three nutrients in feces decreased in Balance
7, indicating an improvement in absorption in most of the subjects. Subjects
061 and 064 presented, on the contrary, a reverse patiern. The amount
of nitrogen, calories, and fat ia their feces increased in Balance 7

indicating a decrease in absorption. It was found that both had suffered
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FIGURE VI.2

Fecal Excretion and Absorption of Nitrogen, Calories
And Fats In A Group Of Soldiers Receiving Their Usual
Diet And The Rural Metabolic Diet
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FIGURE VI.3

Fecal Excretion Of Calories In 13 Soldiers Receiving
Their Usual Diet And The Rural Metabolic Diet
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FIGURE VI.4

Fecal Loss and Absorption of Nitrogen, Calories and Fats of 13
Soldiers During Balance 3 and 7 of Phase 111 (values/24 Hours )

©H BALANCE 3
0O BALANCE 7
S 100
Feca' 4 Nitrogen 90
Nitrogen Absorption
Grams 2 % 80
! &
O‘ 704 [
800 -
Fecal °9° "
Calories nH 3 Calorie
Kcal 4003 4 [ . Absorption
200! : E : %
ol :
12~ 100
Fecal
8- : Fat 90
Fat L i a
Absorption :
Grams 4.;3—] ? g_ 2 Fl e % gol=| | "! ﬁ
AT | {iiEal
P idbae]edtbed it i:iﬂij.i el LY 70¢E o o a1k
Cq O .. 0-,05,2

005%2733%94°9599,5%65%66%92°95700 %/ %6
Subjects Subjects

geL



134

marginal episodes of diarrhea.

Figure VI.3 shows the individual variations in fecal calorie excretion
and in absorption during Balances 2 through 7. Wide fluctuations from one
jndividual to another js evident. Even so, a majority of the subjects
had a sharp increase in fecal calories, indicating a drop in absorption,
during Balance 3. Three subjects seemed to follow vather different curves.
Subjects 064 and 061 (heavy lines) presented a marked increase in fecal
calorie excretion and a frank increase in absorption during the episodes
of marginal diarrhea (064 during Balance 6 and 061 during Balance 7).
Subject 092, on the contrary, consistently had a very Tow excretion of calories
throughout the period of study and a very efficient capacity to absorb
caloires.

The daily stool volume observed during each of the balance periods
is presented in Figure VI.5. The smallest volume observed was 141.7 %

20.7 (mean * SE) grams/day during Balance 2. The highest stool volume
observed was 263.1 28.0 g/day during Balance 3.

4. Reference Values For Nutric t Absorption In Adult Males From The

pacific Lowlands of Guatemala

Malabsorption must be defined on the basis of some “norm" or reference
value for a population. The primary objective of this study was to provide
data for the accurate estimation of such reference values or "norms"
for Guatemala. The reference value was defined as the sample mean of the
observed values from the reference population of 13 soldiers. The mean
values for total calories, nitrogen, and fat are presented, together with
95% confidence intervals and standard errors, in Table VI.S8.

For example, the reference value for percent absorption of total

Calories is 92.0%. There js a 95% certainty that the true population
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FIGURE VI.5

Stool Volume In 13 Soldiers Given.Their Usual
Diet And The Rural Metabolic Diet
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Nutrient
Component

TABLE VI.B

Marginal Distributions OF Nutrient Absorption

In A Reference Group Of 13 Soldiers

(Four Balances Per Subjact)

feasure

Total
Calories

Nitrogen

Fat

Excreted (Kcal)
Absorbed (Kcal)
% Absorption

Excreted {(gm)
Absorbed {gi)
% Absorpiing
Excreted {gm)

Absorbed (gm}
9% Absorption

136

Standard
Deviation
Standard of
Error (s=) a95% C.I. Individual
Mean X Low High Observations
247 20.1 203 291 114.5
2846 20.3 , 2802 2890 115.6
92.9 0.65 90.6 93.4 3.70
2.64 0.2% 2.09 3.18 1.22
15.3  0.26 14.7 15.9 1.23
35.3 1.41 g82.2 88.4 6.80
4.95 0.38 4,12 5.78 1.98
30.1 0.38 29.3 30.9 2.62
85.8 1.08 83.4 83.1 5.76
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mean 1ics between 90.6% and 93.4%. A subject, from a population for
which the test populatien is a reasonable reference popuiation, may be
compared as follows. If the subject exhibited 85% absorption of total
calories, the subject malabsorbed 92.0%-85.% = 7.0% of total calories.
If the subject exhibited 95% absorption of total calories, the subject
hyperabsorbed 3% of total caloires. The means of the other variables
serve as reference values in the same mandaer.

The “standard deviation of an individual observation” column in
Table VI.8 gives an indication of biological variability between subjects
in a stable population. For example, if a population exhibited a mean of
85% absorption of total calories, one would expect approximately 95% of
the individuals in the population tn exhibit a percentage absorption of
total calories between (approximately) 85%9-2x3.7% = 77.6% and 85% + 2x3.7%
= 62.4%, i.e., within the interval: mean = 2x standard deviation (of an
individual observation).

Tables VI.S and Vi.10 contain information about the estimated spread
of the reference population under the statistical assumption of a Gaussian
or novmal distribution, which seems reasonable. The values from Table
V1.9 contain the "best estimates” of the percentiles of the distribution.
For example, given many repeated measurements over a long time, about 10%
of the measurements from the reference population would be less than 87.3%
absorption of total calories {frem the third line of the table) while
. jut 10% of the measurements would exceed 96.7% absorption of total calories
(i.e., the S0-th percentile, third 1ine). Those are the best estimates
of the 10-th and %0-th percentiles. In this approach, the estimate is that
80% of the measurements would lie between 87.3% and 96.7% absorption of

total calories. In contrast, there is a 95% certainty that 80% of the



TABLE VI.9
Tolerance Limits And Percentiles Of Individual Measurements

Tolerance Limits Fer Individual Measurements In & Fopulation
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#bsarbed 25836, 2640 2539 3743 2788 Lt 2546 2676 2938 2347 233 3082 3156

2 fiserzed a2 £5.8 e?.8 5.8 §2.0 $1.0 - 92.2 93.0 4,0 £5.2 §7.6 8.6 100,0
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Abseriad j2.4 12.3 3.7 4.2 6.7 +5.6 1%.3 15.6 8.8 18.3 188 7.3 8.2
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% avtored 72.4 78,3 ¥a.8 £2.3 1.3 &5.8 £7.3 £3.8 €3.8 €3.2 82.3 85.2
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TABLE VI.10

Estimates of Among-Subject and Within-Subject
(among balance) Variance of NHutrients

Nutrient Measure Total Ameng-Subject Within-Subject

Component. Variance Variance Component Variance Component
2 ! ‘ o
6 . Oy £ 83 <
. Total ‘ ) ” S e :

Calories Excreted (Kq;l) 13104. 2650. 207  10454. 80%

Absorbed (kcal)® 13375.  2691. . 203 10683. 207

g Mbsorption (£2)  13.92 298 208 10.95 80X

Mitrogen  Excreted (gn?) 148 061 &% 0.87 5%

' * Rbsorbed (gn%) 151 0.64 42 0.87 - 58%

g pbsorption (22)  46.21 19,19 . 428 27.02  50%

fFat Excreted (gn%) .94 115 29% 279 %

Absorbed (gn®) 6.88 0.19 3% 6.69 973

g Absorption (%2)  33.12 9.16  28% 23.96 72%
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measurements would iie between 87.0% and 97.0% absorption of total

calories. These values, 87.0% and 97.0%, come from correspording entries
of Table VI.9 (i.e., third line and the 10% and Y0% tolerance Timits).
Similarly, we estimate 98% of future measurenents of calories excreted
would lie between O and 513, the estimated 1%-ile and 99%-11e, respectively,
but we are 95% certain that the interval O to 554 would contain 98% of
future measurements (assuming stability).

Tables VI.8 and VI.10 can be used to define malabsorption., These
tables incorporate considerations of the precision of estimates of
population means and the inherent biological variability of the measurements.
There are two important statistical constraints which must be consideved
in the interpretation and analysis of these resulis. First, muitipie
observations from one subject cannot be considered to be statistically
independent. The data from consecutive balances on one subject are in
this category. As a consequence, multivariate (or multiresponse) statistical
methods were required for the analysis of the data. The secund point
concerns the sample size. These data contain the results of 4 balance
studies from each of 13 subjects. Of course, one would wish to have more
than 13 subjects for the purpose of establishing reference values. The
fact that there are 4 balance studies from each subject increases the
neffective sample size" somewhat, but there is less information than would
be available from 4x13 = 52 different subjects, given one balance per subject.
This is taken into account in the analyses described.

If more subjects were available, the effect would be to increase
the precision of the estimates of the means, i.e., to decrease the
standard errors and decrease the 1engths of confidence intervals. However,

the confidence intervals used accurately reflect the precision attained
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in this experiment..

pistributions of Measures of Nutrient Absorption

1. Nutrient Absorption
These data contain substantial information about the pzrameters of

the distributions of measures of nutrient absorption in the reference
popuiation. These results are of biolegical and statistical interest

and will be of importance to persons designing future studies.

2. Variance Compcnents
One method of quantifying the variability of measurements in this

study is to examine the "components” of the variance of an ohservation.

One can pose the following model for ore of the variables:

Yig = n gt ey

where:

Yij denotes a determination of one characteristic (e.g.,
cercentage absorption of total calories) on the i-th
subject during the j-th balance period, i =1, 25
.., 13, §=4,5,6,17.

u denotes the (unknown) population mean value of the
characteristic for this population (the reference value
is an estimate of u).

ay A---+ 5 the average deviation about for the i-th

subject; we assume that each subject operates around his
own level of efficiency, the level of efficiency being

w o+ a, for subject 1.

js a term which includes two sources of variation which
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are indistincuishable in these data. First, even though
each subject s assumed to operate at his own level of
Wt ag, we assame, based the data from the reference
group, that the subject's vesponse varies abnut p ¥ &y
from one balance Lo ancther. The tevd e?j {ncludes

this variability. In addition, we recognize that there
is some laboratory mezsurement yavianility and this is

also included in the e;4 term.  Thus oy, is the deviation

¥y - (u + ai) for the {-th subject, J

may come from TWo Or WMOre S0uUrces.

14
-ih balance, and

There are three further assumptions. First, we assume the eij
are random and independent, i.e., a subject's deviation from his character-
istic level of efficiency, u + a;, On one balance 15 unvelated to his
deviation on any other balance. We also assume ong subject's deviations
from his characteristic level of efficiency is unrelated to any other
subject's deviaticns. He assume the lona term average of the e 4s denoted
E(eij)’ is zero and the variance of each €3 is 052, j.e., all 23
terms have the same variance. The parameter oez is a measure of a subject's
variability from cne balance to another in the same series of balances.

We assume the Ay the deviation of the individuai's characteristic
Jevel of afficiency from the population characteristic level of efficiency,
is random, which is true if the subjects are selected at random from the
population and is also true under other circumstances. We assume var(ai)

= caz, j.e., that each a; has the same variance. The parameter “ad

is a measure of the subjact-to-subject variability under the conditions

of this experiment. We “urther assume the a, are all independent of the

eij.
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Given all these assumptions, the objective is to estimate the para-

meters u, oaz, and aez for each measure of nutrient component, absorption.

In this case the experiment is a hierarchal design, which permits estimation
of the paraﬁeters. The estimates of the u's were discussed in the previous
section. The estimates of the components of variance.ua2 and oez, are
given in Table ¥I.10.
Note that the estimate of the variance of an individual observation
(one subject, one balance)} is o = oaz + oez, which is estimated as
2 2 2

6 = oa + ae“. It is interesting to consider the percentage of the

esiimated total variance (52) contributed by each component (oaz, oez),
viz,
100 0, ° 100 6,°
% and These percentages ave presented in Table v1.10.
2., 2 2,.2
63 "o 6 *0¢

The percentages of total variance (Table VI.10) illustrate that the
within-subject balance-to-balance variation is at least as large as the
among-subject variability. This indicates that the subjects are quite
variable from balance to balance. A subject who is a “malabsorber”
(absorption below the ~aference value) today could well be a hyperabsorber
three days from now and a malabsorber again next week. variability of
this sort is not unusual in biological measurements.

Correlations

One expects that when multiple measurements are made on one subject

the measurements will be correlated. This is indeed the case with the

present data.

Table VI.11 contains some of the correlations of interest relating



Correlations Between Measuvres of Hutriest Absorption

TABLE VI.IX

Excretion HMeasures

Nitrogen
calories

Fat

Absorpticn Heasures

Nitrogen
Calories

Fat

9 Absorption Measures

Nitrogen
Calories

Fat

i trogen
1.00

0.85
0.79

Nitrogen
1.00 .
0.86
0.79

Nitrogen
1.00

0.85
0.79

Calories
0.85
1.00
0.81

Calories
0.86
1.00
0.82

Calories
0.85
1.00
0.82

144

Fat
0.79
0.8
1.00

Fat
0.78
0.82
1.00

Fat

0.79
0.82
1.00
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to multiple measurements. First, the correiations between measures of
excretion, absorption, and percentage absorption which are the threz
correlation matrices in the Table, are essentially identical. This rela-
tionship is expected because these three types of measures ave nearly
linear functions of each other.

In each case the correlations are quite high, ranging from 0.79 to
0.85. This indicates that any enderlying factors which cause soidiers
to differ from one another, tend to affect the absorgtion of nitrogen,
calories, and fat in a proportional manner. However the correlations
are not sufficiently close to 1.00 to support a conciusion that a single
underlying factor is being measured in three different scales.

If all the assumptions of the variance components model discussed
above are correct, one would expect the correlation between any two balances
on the same subject to be estimates of [cazi(ca2 + 062)31/2.

The approximate resulfs are:

Variable Approximate Correlation
{variance Components Model)
% bbsorption Calories 0.45
4 Absorption Nitrogen 0.64
% Absorption Fats 0.84

The correlations in Table VI.12 tend not to be constant within each matrix,
suggesting that the variance components model may be inappropriate. In
fact, the correlations tend to decrease with "distance" in time, i.e.,
correlations between two successive balance studies are higher than
correlations between the fourth and sixth or fifth and seventh balances.

These, in turn, tend to be larger than correlations between the fourth
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TABLE VI.12

Correlations Between Determinations of % Absorption From
Different Balance Studies On 13 Soldiers

pPercentage

Absorpti~n of

Calories Balance 4 5 6 7

Balance 4 1.00 0.72 0.39 -0.18
5 0.72 1.00 0.54 -0.02
6 0.39 0.54 1.00 0.02
7 -0.18 : -0.02 G.02 1.00

Percentage

Absorption of

Nitrogen

Balance 4 1.00 0.72 0.2% 0.17
5 0.72 1.00 0.50 0.50
6 0.25 0.50 1.00 0.63
7 0.17 0.50 0.63 1.00

Percentage

Absorption of

Fat

Balance 4 1.00 0.56 0.34 -0.13
5 0.56 1.00 0.46 0.09
6 0.34 0.46 1.00 0.49

7 -0.13 0.09 0.49 1.00
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and sixth or fifth and seventh balances. These, in tuen, tend to be larger
than correlations between the fourth and seventh balances. These results

are based upon only 13 observations and are not conclusive, but they indicate
a stochastic or growth curve modal may be more appropriate than a variance
components model. This topic is also the subject of further study. Regard-
less of the validity of the model, the estimates of the variance components
are useful statistics in that they clearly illustrate the large magnitude

of the within-subject variability relative to among-subject variability,

This is one of the most important statistics of these studies.
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VIi. Detailed Absorption Studies

Experimental Design and Results of Detailed Absorption Studies

1. sSelection and Participation of Subjects

The details of the initial selection of subjects for detailed absorp-

tion studies have been presented in the Methodology Report. Only a summary

of the procedure is presented here.

Adult male inhabitants (15 or more years of age) of each village who
jndicated a willingness to participate in the studies were given a medical
screening and a d-Xylose absorption test. Within each village this
population was stratified into three equally sized groups on the basis
of d-Xylose absorption results.

The appropriate sample size for the experiment was based on statistical
computations of estimated intestinal absorption measurements. These cal-
culations indicated that the sample size should comprise at least 60
subjects from each of the two villages. A stratified random sample of
75 subjects was selected from each community, with stratification based
upon the outcome of the preliminary d-Xylose tests. The additional 15
subjects in each village were to be used as a pool to replace "dropouts"
from the study as these occurred.

After the initial selection of subjects, the rate of participation
was unexpectedly and sharply reduced by subjects moving to other villages,
subsequent refusal to participate and inability to schedule the subjects'
participation in the studies at appropriate times. Over the four years
of the study the initial chosen sample of 75 per village was extended to
a total of 98 subjects in Florida Aceituno (FA) and 97 subjects in

Guanagazapa (GU) to compensate for the high dropout rate.
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Table VII.1 and Figure VII.1 presents information on the numbers of
subjects who participated in the studies (through every possible combination
of samples) from 1973 through 1976. Following is a brief summary of

participation by the villages.

FA GU Total

Total number in pool of participants

selected (for four years) 98 97 195
Subjects who never participated -19 -24 -43
Subjects who participated at least

once in an absorption test 79 73 152
Subjects who participated at least

once, but not in all four years 42 28 70
Subjects who participated in all

four years 37 45 82

Prior to the study it was assumed a subject's absorption for the
various years of the study would be highly correlated, in that a "malabsorber"
in 1973 would probably always be a malabsorber and a "hyperabsorber" in
1973 would continue ta be a “hyperabsorber". Tihis study has shown the
converse. Results from year to year are not highly correlated. This Tow
correlation makes the subjects appear as members of an annual random
sample, rather than a one-time random sampie of their populations.
Therefore, the fact that some of the subsets participated in all four
studies and others participated in three or less of the annual tests
is not of real importance to the analysis of the data.

2. Summary of the Metabolic vard Schedule and Protocol

A summary of the metabolic study procedures which are rmost important
to an understnading of the results are presented in the following sections.

Extensive details of these protocols, as vell as the study design, have
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FIGURE YXI.1

Hetabolic Hard Sample
(Frequency of Participation)

EQNGITUDIHAL SAMPLE . ' o I

Key :—98 subjects from Florida Aceituno
[:97 :] subjects from Guanagazapa




152

been presented in previous reports and are found in the Hethodology Report.

Metabolic studies were performed at a facility adjacent to a Natiomal
Hospital in Esquintla, Guatemala. Fsauintla is located in the pacivic
coastal lowlands approximately midway between the two study cormunities.
Approximately 6-8 subjects were scheduled for examination in each study
pericd. The 1973 studies lasted 6 days for each group and this period
was extended to 9 days for 1974-1976 studies.

Studies were initiated in June of each year and continued through
November. Study groups were chosen alternatively between villages.

During each six- or nine-day study al? subjects were from only one of the
two villages. Subjects from the two villages were never taken together
in the same study period.

Scheduling of subjects for the metabolic ward was complicated by
a nunber of factors. The scheduiing had to be done several weeks in advance.
Episodes of diarrhea or other types of morbidity in the two weeks prior
to the study period led to exclusion of the subject. Also, the required
six- or nine-day absence from home and work made scheduling difficult.

The schedule of activities within a study period changed over the
first three vears of the study. These schedules ave shown in Tables
VII.2, 3 and 4. The 1973 studies included only a single three-day balance
period. An additional three-day balance period was added in 1974 to study
the effects of adaptation to both the metabolic ward and diet. Subjects
were assigned to one of three dietary regimens in the first balance
period but the second balance period was identical for all subjects. The
1975 and 1976 studies involved two consecutive and identical three-day

balance periods.

The treatment of subjects in the sacond balance period of the 1974,
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TABLE VIi.2
Schedule of Activities for the 1873 Metabolic Studies

Day Hour Description of Activity
Day 1 11:00 hours Admission

Physical check-up and anthropometry
12:00 hours Beginning of 72-hour balance period
({Carbon 1g, P.0.)

Day 2 ~=---==mem=ecscccecsosoosacon Continuation of balance
6:00 hours Blood drawn for hematological work-up.
Day 3 ~e-mewmmeeesme-ccscosenoocoos Continuaticn of balance
Day 4 12:00 hours End of balance period (Carmine C.5 g,
P.0.)
Day 5§ ~=womomcesmmcmcsssseeooooocos No activities
Day 6 6:00 hours d-Xylose absorption test
12:00 hours Discharged.
Notes:

1. Stool cultures for parasitological and microbiological studies
were cbtained during days 1 or 2.

2. Body weight was measured every day at 6:00 and 18:00 hours.

3. Each subject exercised for 10 minutes every day at 9:00 and
16:00 hours on a stationary bicycle while under close supervision. A
speed between 10-15 miles /hour was maintained.

4. The 2800 Calorie rural metabolic diet was given through the

entire period of hospitalization.
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TABLE VII.3
Schedule of Activities for the 1974 Metabolic Studies

Day Hour gescription of Activity
Day 1 11:0¢ hours Admission - Physical check-up and anthropometry
12:00 hours Beginning of Balance I. 2000, 2400 or 2800

Kcal/day diet to match the pre-study diet.
(Administer Carbon, 1 6., P.0.)

Day 2 ~w-=es=-m-seswssmeoooocoes Continuation of Balance I

6:00 hours Blood drawn for hematological work-up.
Day 3 ----=--=---sssmmooosssoss Continuation of Balance I
Day 4 72:00 hours End of Balance I - (Carmine 0.5 g, P.0.)

Reginning of Balance 11. 2800 Kcal/day
Rural Metabolic Diet

Day 5 --=--s------wsmsmmemo~coces continuation of Balance II
Day 6 -----===-m=msesssomsesess COntihuation of Balance II
Day 7 12:00 hours End of Balance II (Carbon 1 g, P.7.)
Day 8 ~-m=-w-=mmoccesmomocosens Mo activities
Day 9 6:00 hours d-Xylose test
12:00 hours Discharged
Notes:

1. Stool samples for parasitological and microbiological studies
were obtained on day 1 or 2.

2. Body weight was measured every day at 6:00, 12:00, 18:00 and
21:00 hours.

3. The schedule and intensity of daily exercise were identical to
the 1973 study.

4. During Balance I, subjects were given either 2000, 2400 or 2800
Calories per day to approximate the caloric intake that the individual had
the week prior to admission to the rural metabolic ward {determined through
a detailed dictary survey). During Balance 1T, all study individuals
received the regular 2800 Kcal/day rural metabolic diet. A1l diets given
in both Balance periods contained indentical proportions of the same food
components. The decrease in calories was achieved through proportional
reduction of the quantities of the different foods.



Day 1

Day 2

Day 3
Day 4

Day 5
Day 6
Day 7
Day 8
Day 9

Notes:

1.

Schedule of Activities
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TABLE VII.4
for 1975 and 1976 Metabolic Studies

Hour
11:00 hours
12:00 hours

6:00 hours
12:00 hours

were obtained on day 1 or 2.
2. Body weight was measured every day at 6:00, 12:00, 18:00 and

21:00

hours.

Description of Activity

Admission - Physical check-up and anthropometry

Beginning of Balance I. 2800 Kcal/day diet.
{Administer Carbon, 1 g., P.0.)

Continuation of Balance I
Blood drawn for hematological work-up
Continuation of Balance I

End of Balance 1 (Carmine 0.5 g., P.0.)
Beginning of Balance I11. 2800 Kcal/day
Rural Metabelic Diet

Continuation of Balance 1I
Continuation of Balance Il

End of Balance II {Carbon 1 g., P.0.)
No activities

d-Xylose test

Discharged.

Stool samples for parasitological and microbiological studies

3. The schedule and intensity of dialy exercise were identical to
the 1973 study.
4. During Balance 1, each subject was given 2800 Calories per day.
During Balance I1, all study individuals received the same 2800 Kcal/day

rural metabolic diet.

Diets given in both Balance periods contained indentical

proportions of the same food components.
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1975 and 1976 studies was identical to the treatment of subjects in the
single 1973 balance period except for the "adaptation" balance period.
An abbreviated list of the categories of information collected in the
metabolic ward is shown in Table VII.5.

The protocols and methodoiogy for the datailed absorption studies

are presented in the Methodology Report. Initial data handling at INCAP

required hand calculations for the integration of the 10,000 Taboratory
results from each annual sampling. Later these calculations were
programmed for the computer. The UNC-CH data management group has done
extensive data checks with subsequent iterations of the data. Some further
iterations are still required. The current edit checks stil1l reveal smali
anomalies in the data and the INCAP computer programs for calculating

the various measures of absorption capacity may still result in small
systematic errors in the data. Systematic errors in a computer program
would affect the data from botn villages and in all applicable years in
the same way. Therefore, even with these small systematic errors, the
general trends reported here would remain even with subsequent corrections
in the computer programs.

3. Description of the Tables

The trends in the absorption of nitrogen, calories, fat, and d-Xylose
are summarized in Tables VII.6 through VII.13 and in Figures VII.2 through
VII.9. The data have been analyzed in two ways. The results for the group
of "all subjects" are for those men who participated in any one year of
the study and are presented in Tables VII.6 through VII.9 and Figuares
VII.2 through VII.5. The men who participated in all balances for all
four years are called the "Jongitudinal sample". The results for this

subset of men are presented in Tables VII.10 through VII.13 and Figures
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TABLE VII.S

Information Collected from Metabolic Nard Subjects

Cateaery
Identification

Anthropometry and
Nutritional Status

Perasitoliogical
Examinations

Stool Cultures

petailed Absorption
Studies

Description

Name, community, correlative number,
metabolic ward identification number,
family number, relative position within
family.

keight, weight, arm circumference,
tricipital skinfold thickness, shoulder-
theracic-abdominal-girdle circumferences,
body surface area index (computed, not
measured), 24-hour consecutive urinary
creatinine excretion, serum folate, and
blood vitamin B]2 level.

Evaluate calorie, nitrogen, and fat
absorption
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VII.6 through VII.9.

Age was found to have a slight effect upon the absovption of nutrients
in the subjects of this study, therefore, all results are presented as
»age adjusted means". The resuits in the tables and figures are not the
actual arithmetic means of the observed measurements. These resuits
(means) have been adjusted for slight variations in age to reflect the
percentage absorption at tke average age of 26 years, 10 months.

Tables VII.6 - VII.13 have the same format. The variab]e for percent
absorption of nitroger, calories, ¢at or d-Xylose, and the group of

subjects to which the statistics apply (all subjects or longitudinal sample)

are identified in the title of each table. The first panel of the table
(Table VII.6 for example) contains the age-adjusted means and correspending
standard errors for each village group for each of the seven balances.

The sevan balances include the one balance in 1973 and each of the pair

of balances in the remaining years. For example, the first balance in

1974 is labeled "74A" and the second -74B". The annual means (averaged
over the two balances) and their standard errors ave presented in the

same panel, just below the individual balance means. The values for 1973
are simply repeated for comparison since there was only one balance in
that year,

The third pair of columns in the first panel contain the means,
averaged across village groups, for each of the seven balances and, again,
for each year (averaged over balances).

The farthest right of the four columns in the first panel contains
comparisons between the villages. These are presented first by year
and balance and then by year and average of the two annual balances (except

for 1973). The "mean" column contains the difference between the village
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means. For example, in Table VII.6, the first mean difference corrasponds
to 1973. The difference in the means ¥or Guanagazapa and Florida Aceituno
mean is approximately, 77.09 - 74.16 = 2.93%, with a corresponding standard
error of 1.47%. A t-test of the null hypothesis of no village difference
in percent absorption of nitrogen in 1973 gives a t-value of 1.98 which is
significant at the 0.047 level (column Tabelled “sig").

Not all the digits shown are significant. The computer program
used for these analyses performs compuatations to 16 significant digits
and prints out the six most significant digits. The textual material
has been crpied directly from the computer printout in order to avoid
copying errors in retyping.

The middle panel of each table contains yearly comparisons of the
age-adjusted means. Each line contains the comparison of a single study
year versus 1976. For example, the first line of the middle panel contains
the difference in mean absorption (of nitrogen, in Table VII.6), computed
as the 1976 mean (over two balances) minus the 1973 mean (only one balance).
The second column contains the corresponding standard error. A t-value
for the test of the null hypothesis of no difference in the annual means
is in the third column. This measurement is followed by the significance
level of the t-statistic. For example, in Table VII.6 the 1976 mean
(over both balances) for Florida Aceitunc for percent absorption of nitrogen
was 77.20%, while the 1973 mean (one balance only} was 74.16%. The
difference (1976 minus 1973) is approximately 3.04%, with a standard
error of approximately 1.30%. A t-test of the null hypothesis for a
1976 vs 1973 difference yields a t-value of 2.38, which is significant
at the 0.018 level. Similar computations are presented for comparisons

of 1976 vs 1974 and 1976 vs 1975 and all the computations are repeated
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for the Guanagazapa subjects.

The third panel of each of Tables VII.6 to VII.13 presents the annual
differences of means for the designated variable taken over villages and
the differences of annual between-village comparisons. In the left side
of the panel, the first line contains the comparison of the 1976 means
versus the corresponuing mean for 1973. In the case of percent absorpticn
of nitrogen, for example, the 1976 mean (average FR and GU) is shown
in mid-panel 1 of Table VII.6 to be 89.71%, compared with a 1973 mean of
76.62%. Tne difference (1976 minus 1973) shows an increase of 5.09%
absorption of nitrogen, with a standard error of 0.90%, which yields 2
t-value of 5.66, significant at the 2.1 X 10-8 level.

The right side of the third panel shows how the differences between
village groups changed over the four years of the study. The village
differences from the farthest right section of the first pznel are compared
(with each year being compared against 1976). In the case of percent
absorption of nitrogen (Table YI1.6), the results (panel 1) show that in
1973 the subjects from Florida Aceituno absorbed 2.93% iess nitrogen than
the Guanagazapa subjects. In 1976, the subjects from Guanagazapa absorbed
7.01% more than those irom Florida Aceituno. The difference, 7.01% -~
2.63% = 4.08%, shows a substantial improvement by the Guanagazapa subjects
relative to the Florida Aceituno subjects over the four years of the study.
The standard error of the comparison is 1.79%. A t-test of the null
hypothesis of a zero difference yields a t-value of 2.28, significant
at the 0.023 level.

The footnote for each table shows the pooled estimate of the sample
variance for the analysis, together with the number of degrees of freedom

associated with the variance estimate. This value of the degrees of freedom



Year and

Summary of Four Years of Detailed Absorption Studies For Percentage Absorption
of Nitrogen For A1l Hetabolic Ward Participants

TABLE VII.€

Balance FLORIDA ACEITUNO (FA) GUANAGAZAPA (GU) Aversge: FA & GU Difference: GU - FA
Mean S.E. Maan S.E. Kean -S.E. Jiean S.E. t sig
.
73 74.1597 1.0%54%2 77.09 1.015%7 75,6243 0.718405 2.93034 1.4771% 1.68378 0.04876192
74A 77.2233 1.010%1 79.9227 1.0191 77.973 9.71P868 1.89936 1.432R5 1032554 0.125353
748 71.5497 1.01929 75.5478 1.02777 73.7431 0.724941 3.56318 1. 44505 2.49001 0.012974
75A 79.0R76 1.01229 81.0528 1.02018 80.0702 0.725052 1.96514 1.43906 1. 36557 G.172454
758 75.5729 01232 76.5993 1.02025 76.0864 0.720812 1.02688 1. 43286 0.716667 0.473717
76A 77.456% 1.022a9 RE.559% 1.01372 21.0129 0.7237183 7.04 288 7.8328S 2.9502 9.02357-07
768 75.2822 1.03221 83.8729 1.01375 gn.407% 0.727198 £.93065 1.839%9 5. 83594 00000617456
73 78,1597 1.05652 77.39 1.03557 75.62u4¢2 0.739:05 2.93034 1.47715 1.98371  0.0876192
74Avg T4.8848% 0-718795% 77.2353 0.725892 15.8609 U.5120869 2.74877 1.0175 2. 70151 6. 00720474
75Avg 77.3393 G.71R201% 7R.8263 0.726652 78.2783 n.51397 1.49601 1.01519 1. 47338 0.141049
76Avg 77.2083  0.730352 14,2161 0.720216 £0.7102  0.517978 7.01178 1.0158 6.90541 0
Florida Aceituno (FA) Suanagazapz {(GU)

Hean S.E. t sig Hean S.E.. t sig

76-73 3.0346R .27053 2.37972 0.017557 7.12612 1. 25099 5.6606%9 2.10052-08

16-74 2.71788 1.01R63% 2.66811 0.007781 6.980R6 1.01619 6.86568 0

76-75 -0.125941 1.01565 -0.128 0.901386 5.389R3 1.0158 5.30708 1.85082-07

Average: FA & GU Differerce: GU - FA

Mean S.E. t sig Mean S.E. t sig

76=73 5.0854 0.R93761 S.65828 2.1240FE-IR 5.0/ 144 1.79248 2.277%02 0.0230¢862

76-74 8. R4935 3.72019% 6.73423 o 4.26391 1. 537388 2,96562 N.0031097%

76-75 2.6319y 0.718334u 3.6639¢ 0.00026457 5.51577 1.43%964 3.R4118 0.00713204%

NOTE: These results are adjusted to an average age of 26 years. 10 months.
are based upon a linear model for which s

A1 significonce lowels
= 61.0737 with 807 degrees of freedos.
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TABLE

Summary of Four Years of Detailed Absorption Studies for Percentage Absorption

vIL.?

of Calories for All Metabolic Ward Participants

'§2€.~.§2§ TLORIDA ACEITUKO (FA) GUANAGAZAPA (GU) Average: FA & GU Differcnce: 6U - FA
Mean S.E. #ean S.E. Mean S.E. Mean S.E. t sig
73 aR.7591 0.5250% R9_378 C.516458 89,0626 0.368751 0.618A78 0.736676 0.350095 0.801104
74A f9.3103 0.5013903 90.5894 0.508221 83,9449A 0.35R299 1.27911 0.710581 1.79002  0.07382548
738 87.R2RR 0.50R335 89,2193 0.512564 an,s5r8 0.36155R8 - 1. 39067 C. 720664 t.92963 0.0546278
754 90.6062 0.50834% 91.0274 0.513268 90. /4148 0.361095 0.42119 0.71768 0.5R6877 8. 55745
758 8R.6918 0.504R54 9,055 C.59RA1 B8R, R748 0.359279 0.361173 0.714%87 0.50542A G.61333%4
764 R9.2ASY 0.50093 92,8886 0.5n%554 91,087 0.360768 3.60316 0.71858 5. 04238 S5.6814E-07
768 £9.0523 0.514778 91,785 €.505573 9N L4 1RT 0.362663 2.73269 0.717706 3.A0753 0.000150996
73 f8.7591 0.525905 89.1378 0.516854 89.0686 0.368751 0.618878 0.736676 0.RL0095 5.4801104
T4Rvg 88,5695 0.3568473 89.9043 0.361493 R9,7359 0.255376 1.33479 0.507438 2.6£3045 0.00B6897)
75Avg R9.65 0.1358176 92.0812 0.36239%1 89.1456 0.256325 0.391182 0.506388 0.772u94 0.480038
75Avg a9, 16R9 0.364236 92.3368 0.1359181 90.7528 0.258323 3.16792 0.506395 6. 25533 )
Florida Aceituno (FA) Guanagazapa {3U)
Mean S.E. t sig Hean S.E. 4 $i3
76-73 0.409756 0.6170RK 0.6G21585 0.520916 2.6538 0.627875 n.7128 .000002R626
76-74 0.559353 0.53801 1.17941 0.238425 2.43248 C.506787 §.7958%1 .0000018922
76-75 -0.481118 0.50652  ~-0.969842 6.342877 2.295A3 0.506893 5,53239 .0500067143
Average: FA & nifference: U - FA
Mean S.E. t sig Mean S.E. t sig
76-13 1.68428 0.840224 3.75747 0.00018385 2.54908 0.R9392 2.85153 0.0084681%5
76-74 1.51592 0.359126 %.22113  0.00002737 1.83313 0.716683 2.55706 0.0107378
76-75 0.907256 0.358243 2.53252 0.0115131 2.77678 0.716131 3.87722 0.000118156 e
~N
MOTE:

are based upor a linear model for which s

= §1.0737 with 807 degrees of frecdos.

These results are adjusted to an average age of 26 years, 10 months. AN significance lavels



Year and

TASLE VII.8

Summary of Four Ycars of Detailed Absorption Studies For Percentage Absorption

of Fat for A1l Metabolic Ward Participants

Balance FLORIDA ACEITUNO (FA) GUANAGAZAPA (GU) Average: FA & GU pifference: GU - FA
Hean S.E. Mear S.E. Hean S.E. _Mean S.E. t sig
73 LEPLLR R 0.9487125 77,2418 0.92R729 20.8513 0.661118 £. 81959 1.32475 4, R45R3 .0000015116
75A 79.613R 0.906159 77.9818 0.91396 78,7973 0. 645652 1.63298 1,28%502 1.27079 0.20417
738 20,255 0.216126 79.0198 0.%21738 79,6178 0.A50183 1.23%812 1.29596 0.353061 £.350848
75A A1.619 9.90725 f0.2003 0.923 f0.9097 G.559349 1. 41867 1.290%9 1.0992¢ 0,271991%
758 80.515S 0.907872 78.54998 0.91u9A4 79.5571 0.63A444 1.91666 1. 28502 1.59153 6. 136214
76A 61.2674 0.916937 RI_1813 0.759123 87.2248 0.683758 R. 0862 1. 28502 6. 29262 0
768 89.0705 0.92%715 83.919 6.909162 86.49a87 0.65217 5.1515 1.290648 3.9914% 0000716585
3 77.2415 0.945725 A1.6511 0. 92872 RO.4511 0.663118 6.51959 1. 32875 8. 64589 0000015116
14Avg 7R.5003  0.648635 79.9334  0.65006/ 79.2178  0.859237 1.43805  0.912517 1.57154 0. 11645
75Avg 79.399% 0.655102 R1.0A72 0.651681 R0.21%4 0.2A0942 1. 66766 0.910627 1.83133 0.0678191
76Avg  93.5502  0.65899° Q0,169  0.A35909 86.8596  0.464537 6.61881  0.910681 7.26829 0
Florida Aceituno (FA) Guanagazapza (GU)
Mean S.E. t sig ¥ean S.E. t sig
76-73 6.20061 1. 18742 5.49807 5.15342-0R 6.50782 1.1201 5.76375 1.9708E-08
76-74 ~. 04942 0.9135n8 5.52772 4.3809E-08 10.2386 0.911346 19,2302 0
16-75 8.15059 0.910%68 3.55676 .00000599R2 9,10173 0.910R17 9.99298 )
Average: FA § GU Difference: &) - FA
Hean S.E. t sig Mean S.E. t sig
75-73 6.30R022 0.806032 7.95032 0 0.199218 1.60752 0.123926 0.901405
76-74 7.6822 0.645209 11.83135 0 5. 13475 1.28917 5,02179 0000631782
75-75 5.62616 3.A88221 10.245%5 0 3.95115 1.2875 3.eq868 0.000130228 -
KOTE: These rasults are adjusted to 2n average age of 26 years, 10 months. All significance Tevals

are tased upon 8 lincar model for which s

= 23,1214 with 807 degrees of frecdom.
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TABLE VII.S

Summary of Four Years of Detailed Absorption Studies For Percentage Absorption

of Dxylose for A1l Metabolic Ward Participants

'gg;aggg FLORIDA ACEITUNO (FA) GUANAGAZAPA (GU) hverage: FA & GU Difference: GU - FA
Mean S.E. Hean S.t. Hean S.E. _Mean S.E. t siq
73 17 1437 1. 03605 20.6716 1.03763 16,2897 0.72045 1.7299% 1.45127 1. 319203 0.233601
7:A 16, 514 0.992792 19,1512 1.9012% 13,0023 0.706076 2,30177 1,80774 1. 613508 0.102623
738 16,9308 1.00143 15.3036 1.00677 in,1972 0.712259 .17279 1.41%73 1.6713 0. 095054
75A 23.3701 0.994555 22.3111 1.01115 23,0904 0.711366 -0.559003 1. 41385  =0,395376 0.69267
758 23,3695 0.594579 23.0705 1.00237 23.23 0.70R1P3 -0.2789131 1.40776  =D.19R136 0.842987
764 18,7215 1.00458 24,189, 0.995965 21.950% 0.710714 4. 46603 1.40774 3.17247 0.00156RAA
768 19,3481 1.01413 26,8105 0.595962 22,8773 0.7144%6 7.06681 1.6139 4.997R2 7.1138z2-07
73 18,2437 1. 01608 20.6736 1.33743 19,2587 8. 72645 1.72596 145127 1.16203 0.2133€01
76Avg 16,9911 0.706201 19,2284 0.712152 13.0%97 0.%553097 2.35723 0.9°9667 2. 332806 0.0196277
75Avg 23.36QQ 0.70%617 22.9508 0.71395 23.1603 0.50u964 -0.418967 0.997597 «=0.41597% 0.675615
7€Avg 19.5338 0.71755% 25.3 6.70D755T 22.4169 _  0.S5A303 5.76622 0.97613 5,78002 1.,0667E-08
Florfda Aceftunc (FA) Guaragazaps (GU)
Mean S.E. t sig Hean S.E. t sig
76-73 0.59014 1.2%701 0. bASLS G.538853 4.6264 1.23893 3.742023 0.000196853
76-74 2.64272 1.00079 2.64262 0.00843532 6.07166 0.998325 6. 08146 0
76-75 -3.83599 0.7976%7 ~3.84u23 0.000130441 2.34919 0.5578CS 2.35436 0.015793%
Average: FA & GU Difference: GU - FA
Mean S.E. t sig Mean S.E. t sig
76-73 2.60027 0.%03113 2.953123 0,00322972 4.03626 1.76106 2.29197 0.022164
76-74 4.35719 0.707%98 6. 15067 0 3. 42894 1. 41229 2.62793  $.0153029
76-75 -0.733502 0.705748 -1.05335 0.2524894 6.18719 1.4108 §.38518 .0000131822 b=
-
NOTE:

These results are adjusted to an average age cf 26 years, 10 months. All significance levals
are based upon a Yinear model for which s

= 58,9523 with 807 degrees of fresdom.



summary of Four Years of Detailed Absorption Studies For Percentage Absarption
of Nitrogen for Longitudinal sample Subjects Only

TABLE VII.10

T e FLORIDA ACEITLNO (FA) GUANAGAZAPA (GU) Average: FA & CU pifferenca: 6U = FA
Mean S.E. Hean S.E. Mean S.E. _Haan 5.k 3 sig
73 73.5055 1.34859 77.3653 1.2227 75.425 8.911048 3.83166 $.819%6 2.9692 0.035377
764 77.1619 %. 35009 7%.0489 1.2286 78. 1654 0.921369S 1.PE63S 1.8196% 2. 63621 0.3002R
748 72.9422 1. 35009 76.10A8 1.23969 Tu.52u6 0.912282 2. 16468 4,.8292% $. 73008 G, ORL1RZ2Y
754 7R.8294% 1.35275 81.5772 1.2593% 83.00633 6.9275"3 3.13777 %.83906 $.71162  0.0R75288
758 75.1708 1. 35275 76.8274 1.2u383 75.639 0.922786 2.6572 1.82924 1. 85259 0.356904
76A 77.5174 1. 37474 85.0452 1.23482 A1.2813 0.930%069 1.52776 €. 83386 4, 104R8 ,0000L6SH 19
768 76.0843 1.39646 94. 1447 1. 231486 80.2938 0.939982 7.70172 1.83816 4. 16723 0000357853
73 73.5066 4. 38859 77.3453 1.2237 75.426 0.511368 3.R3054 4.81996 2.1092 0.035377
74Ava 75.0521 0.956061 77.577% C.ATU228 76. 315 0. 55038 2.525R% 1, 29027 1.95758  0.0507829
75Ava 76.32999 0.959792 79.2024 0.849775 77.7511 0.660189 2.9024R 1.29707 2.2377% 0.0256378
76Avg 76.9R02 0.956789 84,5549 0.881847 80.7R76 C.6T1RRS 7.61478 $. 20182 5. R4329 B.h3559R-09
Florida Aceituno {FA) Gucnogazeps {6U) —

Hean S.E. t sig Kean S.E. 3 L3

76-73 3.4735% 1.66738 2.09325  0.0376R83 7,28963 1.5019 4. B2598 .600001756R

76-74 1.92812 1. 3651 1. 41285 0.15818% 7.01704 1. 22A6% §.71125 $.8332F=08

76-75 0.680393 1.36319 0.299053 0.617901 5,39258 4.23356 2,37158 ,000018736%

Everage: FA & @) Difference: GY = FA

Mean S.E. t siy Kean 8.E. t sig

76-73 5.36159 1. 12531 5.76853 0000628232 3.77608 2.237%89 1.68765  0.0920404

76-74 4.37258 0.92021 3.86039 .G0G00 15299 5. 08892 1.83274 2.77668 0.00567822

76-75 3.03683  0.91972% 3.30147 6.0010239% k71226 1. 83785 2.58651  ©.0105956

69t

NOTE: These results are adjusted to an ave

rage age of 26 years, 10 moaths. a11 sigrifiesnce lavals
are based upon o linear madel Yor which 3% = 67.2463 with 5§52 degress af (reedon.



Summary of Four Years of Detailed Absorption Studies For Percentage Absorpticn
of Czlories for Longitudinal Sample Subjects Only

TABLE VIE.11

§§fa:2§ FLORIDA ALEITUNO (FA) SUANAGAZAPA (GU} Average: FA & GU Difference: 6U « FA
ean S.E. Hean S.E. Hean S.E. _Haan S.E. 14 sig
73 AR, 516G 0.649518 Ra,5327 0.5693587 89.0285 8.01R783 1.041%78 C.B876%38 1. 15826 0.23701%%
738 83,6611 0.650238 90.6213 0.5°0u71% ag.6u12 0.380086 1.9601% 0.R76539 2.23628 5025735
748 87.5679 0.65023# Ra, 3602 0.597088 A8, 208 0.242268 1.79225 2.83101% 2.030837 0. 0023971
75R $0.1933 0.651517 95.456 0.606048 20,827 0., 4360135 1.257686 0.8R%734 1, £1993 8.1%619%
758 88,1478 0.65132 89.1R42 0.523385 88.6861 0.8458313 1.01627 0.8R%024 1.9762 0.240021
76A R9.6757 g.662102 S2.9541 0.52u72% 81, 3149 0. 458349 3.27256 G.883228 3.71121 0.00022656¢6
768 88.5682 0.67257 21,4584 0.59478 1% 38.4115 0.352749 2.59662 0.A9G122 3, 25168 §.00121617
?3 88.5%69% 0.%89518 06,5327 0.58%347 69.0238 0.338783% $.29578 G.276538 1o 15886 G.2870%5
T3Avg 88.1145 0.460853 f9 1907 0.82105 §7.0928 0.3%322 1.R7621 8.421229 3.01%18 0§.00285172
J58vg f%.1731 0.86226 a0, 2201 G. 229538 3%, F7660 80.317%6&3 1. 124837 Q.€3870% T-836G3 $-0568213
752vg 89.3199 0.2789173 92.4065 0.a2872 $Q.96132 D. 123535 3.0365¢% B.626991 8, 9227% 20800711294
Flarida Acettuno {(FA) Suarzgazene (SH)

ti2an 5.8, t sig fean $.8E. £ sig

76-73 " 0.80302 0.R03056 £.999%43 8.317766 2.R7378 $.723352 3. 97287 0.G0GOA0GAZS

76-74 3.20581% 0.65746S 1.83383 G 067277 . 2.4%575 8.5917¢2 5.022%8 0000511537

76-78 0. 136821 G.A56566 0,223826 0.62312% d.0883% 8.2881%11% 357177 ©.000351587

Avarage: FR & GU Bictercnce: U - FA

foan S.E. t sig Hamn S.E. % sig

76-73 j.238913 3.58987% 3.3826% 0.00067813517 2.07074 287763 3. 92958 Q.85531724

75-74 T.3105% 0.88319% 3,08%26 3008503335 t. 29638 $.832692 37119 0. 1266873

76-7% T 1185 S 0.832961 2. 52073 C.07798062 193857 8. 8820877 2. 12I8S GeG2RB216

4

HOTZ: These results ere adjusted to an ‘wersge age of 2§ yesrs, 10 mgaths. AT1Y sigaificancs levels
avre basad upon o linsar Gsdel for which 3° = 15,5338 with 582 dagroes of fresdem.
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Susmary of Four Years of Detailed Absorption Studie: For Percentage Absorption
of Fat For Longitudinal Sample Subiects Gnly

TABLE VI1.12

Ygg'{aggg TLORIDA ACEITUND (FA; CUANAGAZAPA (GU) Average: FA & GU Difference: &Y - FA
Mean S.E. Hean S.E. Hea. S.E. Siean S.E, £ sig
73 The ST 1. 18168 83,239y . 03592 7 7854% :
3 .85 - - - : 9. 86467 3.771284 6.78%4% e BUGSH e.zG818 00CG012757S
;:B 76.9714 1. 14292 80.0385 1.03796 784509 0. 773688 3.0a703 1.5¢968 1.990673 0. 6470038
3 78.3013 1. 18292 80.7632 1. 04935 79.1323 0.777358 186176 - 33655 1.20226 0.229778
754 79.4232 1. 16516 82.507% 1. 06528 80.9656 9.785872 3.0R47 T. 35685 1. 98138 0, 06R045%
758 IT7.996¢ 1. 18517 81,132 1. 05262 72,5623 G.TRIL8 3. 135338 T SARST 2.52%7 5. 0633794
768 83.6181 1. 156372 93,5323 1. 03533 87.0782 G.75R068 €.91225 3. 55288 2.8535Y 5000102752
768 53.829% 1. 18217 88.261° 1. 06537 86,0052 6.755739 Q. 53%3° 1. 86358 2.53231 0.00%73007
;gﬂ 764658 1. 18168 83,2362 1.01592 T2 8887 0.771288 f.TASEY f-58082 5.8081% 0000127575
75;9 77.935%R £.809332 80,4008 0. 780075 9. 1688 053052 2. k6583 1. 09728 2. 25822 0.028%5873
NAVQ 76.702% 0.812508 81.R2 0.7532138 R0, 268% C. SSRAR 3. 11808 1. 09203 2. 823237 0.00874009
V@  B1.7238  0.0388%S 89.3956  0.786525 86,5897  B.568779 5.67178 1. 102035 5. 14855  3.6939E-07
Figrids Aceftuno (FA) Gusnagezens (G5 .
Moan S.E. t sia #zzn 3.E. 'S 3ig

25-73 7. 36682 2115, 5. 13038 3.62268-07 6, 9562 % 27993 8. 83998 QB200679¢

46-25 S5.787a1% 1. 15562 5. JOBOT 7.340332-07 A,9%377 7.0801% 8.5859% o

7675 $.01391 1. 158 83,3838 .D000165945 T.5755% 1. 049527 » 25852 o

Average: FA & GU Diflaranse: & - FA

Hean S.E. t sig Magn S.E. 14 sia

76-73 6.7130¢ 0.952631 7.04&RY e 1. 11362 1. 65818 =0.587938 8.55681%6

76-7’;} 7.39109 0.772291 9.88762 0 2, 20735 1. 5935 2. 088527 0:93;?783

16-73 B8, 2087TR 0. 778517 . 080R8 4] 2.56178 1. 35552 3. 6EE87 0. 100952

80TE: These results are adjusted to an average age of 26 ydevs, 10 meaths. A1 cignificance lavels

arg based upos a Vinoer model for which ¢

= 48,1915 wizh 552 dsqrazs of fespdoa,

9t
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TABLE VI1.13
Surmary of Four Years of Detailed Absorsticn Studies For Percentage Absorption
Dxylote For Longitudinal Sample Subjects Oaly

Year and FLCRIDA ACEITUNO (FA) GUANAGAZAPA {GU) Average: FA & GU Difference: GU - FA
Hean S.E. Kean Sk, #aan S.E, L0 3.E. t sia
73 18,4672 1.2115 20,R264 t.0993¢ 19.637 0.R1853e 2. 359853 $.6359% 146318 8. 189537
74A 13,2107 1. 21285 19,3298 1. 10137 18,7695 8.820R%6 1o 19767 $.5359% G.6R2611 0. 894500
748 18,2107 1.21285 19,8083 1. 11367 13,0545 0.336933 1.68762 1.6833 1.026%7 80308883
784 22.2581 1.21523 24,1085 1. 13082 22,1913 0.833539 1. REES 1.€5211 1. 11766 8.26u157
758 22.2579 1.215286 23.5429 1.11702 22,9008 @.82%933 1.28469% 1. 65332 8.7A1217 G k38599
TR 20,725 123699 26,479 1. 10929 231,802 0.836277 5,75396 1.68753 3.4%259 0,000516496
763 19,7378 1.2545 27.8023 1. 10933 23.57 8888627 T.66845 1. 66629 8. 61638 036CORA626
73 18,2672 1.2115 20.8263 7. 09231 19,637 0.A18338 2.35953 1063525 1. 88318 0. 155537
73hvg 1R, 2107 0.855851 19,6133 0.785251 1A. 912 9.560229 T.4G26% 1. 15911 1.210%1 8,226754
154vg 22,258 0.852223 23.8237 0.799124% 23,0808 0.593G77 1. 56572 1. 16522 1. 38371 0. 179593
76Avg 20.2315 0.885937 26,9406 0.792202 23,586 ¢.6035819 £.TQN2 1. 13999 5.73555 1.%83Rr-08
Floride Aceituno {FA) 8uz ragazags (GU)
Hean S.E. t gig Kosn S.E. 13 3ig

7673 ° 1.76417 1. 29788 1.17778 0.239382 6.11308 . 32032 8.53%39 0050071878

76-74 2.02072 1222633 1.6G77R 0.039%6 7.32728 1. 19378 6.6386 ]

76-75 -2.02658 1.22861 -1, 65487  0.0985187 3, 9169 1. 50816 2.81263 $.06050879%

#Hean S.E. £ sig Fzan S.E. £ sig

76-73 3.93901 $.0%092 3.895496 0.000109591 %.34968 2.01003 2.16392 0.0308983

76-74 8.678 0.92666% 5.65205 2.5151£~08 5.30655 3.68643 2.22307 0.09132109

76-75 0.5a5163 0.826226 0.659823 0.509642 5, 12348 $.6507 3. 11595 0.00132837

89l

NOTE: Theso results are adjustcd to an average aoe of 25 yaars, 10 meaths. All zigaificancs levels
&re based upon 3 Vinear modsl for which s o 58,2632 with 532 degress of fresdea.
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was used in computing all the significance Tevels.

4. Description of the Figures

Figures YII.2 to VII.O §1ustrate many of the statistics presented
in Table V1.6 to VII.13. The Tollowing 1ist is a quide to compare the

tahles and figures:

Table Figure Percent Absorption of Group
6 2 Nitrogen A7l subjects
7 3 Calories Al subjects
8 4 Fat AY1 subjects
9 5 d-iylose Al subjects
10 6 Kitrogen Longdtudinal subjects
1 7 Calories Longitudinal subjects
12 8 Fat Longitudinal subjects
13 9 d-Xylose Longitudinal subjects

In each figure, the vertical axis represents percentage absorption
of the indicated component (nitrogen, calories, fat, or d-Xylose). The
years of the study are indicated on the horizontal axis. The data for
the single balance in 1973 are plotted above the year designation “73".
The data for the first balance in 1974 are plotted above the Tabel "74.1"
and the data for the second balance are plotted above the Tabel “78.2%.
Similarly, 75.1 and 75.2, 76.1 and 76.2 were used to indicate the pairs
of balances in 1975 and 1976.

There are six symbols whish are plotted to give information about
variables for each balance. The vFe gymbol for a snecified balance
represents the age-adjusted mean percent absorption for subjects from
Florida Aceituno. The numical value of the plotted sywbol may be found

i _he first column of the first panel of the corresponding table. A
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vyt js plotted one standard error above the "F" and a "-" is plotted one
standard crror below the “"F". Similarly, the "6" for a particular balance
represents the age-adjusted mean for subjects from Guanagazapa and the
aumerical value is found in the third column of the First panel of the
corresponding Table.

Figure VII.2 is taken as an example. The GuenagaZapa subjects absorbed
an average of 77.1% of ingested nitrogen. The number 77.1 comes from Table
VII.6 and the corresponding "G" is plotted above the 73 (year) value on
the horizontal axis and just below the 78 “tic mark" on the vertical axis.
The "+ sign" immediately above the "G" and the "- sign" immediately below
the "G" indicate the mean plus and minus one standard error. The mean
percent absorption of nitrogen for subjects from Florida Aceituno was much
lower at the 74.1% level. In this case, the "-" for Guanagazapa is substantially
above the "+" for Florida Aceituno. The graph should not be interpreted
in terms of significance unless the intervals overlap which indicates
non-significance. The corresponding table gives the comparison of the two
village means and the corresponding 5-test value and significance level.

5. Description of the Histograms

Histograms are a convenient method for illustrating the results of
the detailed absorption studies. A number of histograms have been prepared
which illustrate the comparisons between villages and among years, as well
as comparisons with the so-called "reference populaticn” of soldiers from
the Mariscal Zavala army post who were extensively studied in 1974 (see
section VI). The following is a guide for locating and relating the

histograms which are numbered as specified:
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Lecetion of Histegrans of petailed Absarption

e

fears ¥itlage o Wsshonras Humbors Fof
fepresented

iitrogen Calories Fat
73-76 FA o1 18 29
73-7¢ ) 6z 16 30
73 FA 03 17 N
73 cu 08 18 32
74 FA - L+ 19 33
74 &y ) 20 34
75 A 07 21 35
7% Gy 2] 22 36
76 FA ¢9 23 37
78 G 10 24 38
73 BOTH n 25 39
74 goTH 12 26 .
75 BOTH 13 27 41
76 BITH 14 28 - a2
73-76 BoTH 43 44 45

The #irst stap in the production of the “fstograms wes to round off each
subject’s parcesiage absorption value of nitrogen, calorfes or fat to the
nearast whole persent. The proportion of subjects for each »f these values

vas conrsted and plotted in standard histogram style.



189
HESTOSRAA VERLT

DISTRINUTIO 0 CERCETAGE AT O MO LR LD P22

.
/N Estimated distribuiion trom i J/ 1=
roferecce papuladicn )

~ B tongitatings sacyio I

HISTOGRAR V1.2

uiSTRIBYARN OF FERCEIAFE ARRETLCH. O SRR P b




SESEET & FERETY

HISTOGRAM ViIE,3 121

ST g U T A I TR

&
|
2o
4
a8
i
&
e
| o
” 14
& % Lengitodingd sompio
L
B a4 KAk a A SAhay RAREy T Mk ey ARady saddy (ALY S
] mwz@mwwm@ww
POEIHT FEGOAPTIOR &F HETARIEH
HISTOGRAN VI5.4
B ‘"3"‘“Eﬂfaé??uﬁseﬁi%ﬁ%%%‘%?‘rﬁ*ﬂii‘ﬁgﬁ%?ﬁ&&%&%xwﬁ"m
3'&
1 ¥
@
1 m .
@
P
P9
M
ao.. ¢ "':h'a'b""s%_':'i3";'5'::&""é'1'¥;"'"""s's""'a's" “ 55

PIRLINT GRSSKPTION OF EETIEL)



182
HISTOGRAR Vil5

oiswRIBITigy O R A o 1 e S

1§

Nmmm digtribeting frem
vsterance gopuicilen

o [3 Longitedingt complo

- : ) R AR CAREE Rk ‘gl v :‘4’"
% snislt'ia'bg'as’séss’a%ww

HISTOGRAR V1.6

OO TR A P AR O RO R G

12

L)
)

./ A "
i
% é l é é Qg v-*'s-.-vgarv-vév--gﬁ.“-w "«,'9 '75'"99 An )

FERTENT ASDORPIENA OF KITRIIDN

o




183
HISTORRAN vil.F

SR R i R o A R TP 5T

€1,
4
E
% it ey Ft#{‘
, A
o 1l
N A I ﬁ! \
ol ";’: Leagiteding! sample ' i ;fi' \\
Y
L,ﬂ * -
| AV | | .i,:f:{:@i‘ HLIETLIL..
o-';wvé«,?g,...ﬁ....a,@....&...,gg..né;...g,ﬂ,...ﬁg.tr&n”&%}.. ot XA s e AT Al e R
FEPOINT GABINSTION OF HMEVIOME
. lf!‘JTOﬁﬂi%‘I ¥iL.g _ o
. DASTRIBYRL O6 RS EAEORE ERRORREti I VhSrRck ol ol e cvhe
al
@

L. . 0.1

@ 6 o 8 o

(AnaantasRasdis e as s Easeasaessnai
U J ﬁ% (A ¥ ¥

PERCENT ARRSREPTION OF HITRDISY

PP PR A oty gy
g & 8% 43 60 &% &6 &3 VW W 8¢ &



184

HisSTOGA ¥11.9 '
11l B A I
@

e F
i
£
1 ' 3
. 1
. -
J Eotimated digtribation Trom
f\— yafursnse ;mzu;:m
o g Longliudiag! semple : ’( HIFHE L
I i | h A
[ j ‘aa g I ] ; . 1 ¥
"""""""""""""""""""" L e """' LN g v Lokl v e
T T b W 3 0 % %0 W U &5 0 W W0 8 0 5 e

HISTOGRAH VI1,10 ‘
o DISTRIBYA. O FEREHTARE URSORRTICH 0% IATPRER ol b Bl
-
;
»
o ..n ..... | .’..,[l. U,L{h: X




185
HISTHGRAN Vil.12

M P G 1 TE B R

FERET &F PR

o
-
-
x
F
e _/\zmmua distributich frem
w poférance pwslosisn F
d Longiluding! semple ' 'gw,;l! @M
r "
“ Paaml la el Lt e Lyt ) A o Ul e Tew & I'VU""' IVfVT'H; :'::L"l""" - !"';'0 U """UI‘
0 8 15 18 £3 # 90 43 4 € 8 # 9 &€ & % 6 8 ® 163

PERLENT PSEORPTIOH i NITRIEN
| HISTOGRAS VI1,12 |
. A A L .
o
g | r
Y 1
I %
" ' g;/ Iy
/* i th
«: /g
T 8 ® o 88 6 o o) B o6 8 0 MW 3 ® M @8 i

PERCENT ABOCRPTISA CF NITRISEN



HISTOGRAN V11,13 166

B T e e e

Nsﬂm etnd dm ibuticn from
sferincy gopuis H

) Langitecinet somote

RISTOGRAR V11.1%
. CERERIBNTACH M CORETRE ARE SREAEE CEmEE R R REE BABRIRS P
-
5 i
g -
”"WnoWes B 8§ 60 5 10 W & 0 @ u'!xnm

FERCENT MOSIAPYION OF METROSEN



187

HISTOSRER ViE.16 ,
g e I I D TE S e
a
3 a-
& 9-: r"”;;:
E “_' .....;,/""
g B q
j Longituding) n.emm W‘J(r T!'ﬂ_.
O gy ar | ow B ‘W + %
+ + ﬂ;ﬂ m% 7 " S U S A
FRSONPITN & THIARERY
‘ HIS'[OGW\?‘ ViI.16
. DISTRIBUT]OH OF, PERCEVTAGE, SSORRTARY BF iR RErtE BRRRLAR G chnieh
]
4
gd
g ﬂ:
B M =
@ ] H//“R
< ,-1 7
o= .ﬁ:‘..'.*....*..{ﬁ,g-—éﬁjﬁ-ﬁ.“ s A

PERCINT GIGORPTION OF CRORED



HISTOGIAN V11,17 168

o DI BT O P AR AT QTR PSR AcerTin0
j B
*
E .
] - TR0
: ] - \
"i N e ribation trec
f Longitedingl sample n ’/Wr
a“**%J;:;;x“u.é.*‘“
HISTOGRAM 11.18
. DISTRIBUTLRY 05 RRICENRREE SSATRRED Nt ?ﬁk"ﬁéﬁ&n&ﬁc&“ﬁ&ﬁﬂﬁw A
~ ' ™
®
. I
E
E : 2
.] B

PERSINT ASSNRITION OF CRLORIES



FORENT OF PLATEN

189
HISTOGRAM ¥11.19

DT, TS T Y e

[ L

_/\::mmud disteibution from
seference population

- r
| Longiludinel aemple
u...,...:,....;1.:.l%l".l'..,

0 % b} L

HISTOGRAM VI1.20

DISTRUSHEAC 0 FRECEARREE CRNBIREDOH, O FREORERR bt iz




190
HISTOGRAN V11,23

. . DISTRIWIW%‘%%MEDO&%WQEE&Q?E E!EFI%BUM NEITURO

& I

. 1t
] AN {
Lesgitudinui aermple ;r/f’lfi By
' o I e T ul -
e“&v.*vﬁvéﬂmj&%@&w8w
PERSZAT SI0RFTIS OF CRUESEERD )
‘ HISTOGRAM VI1.22
v
. DISTRIBYEAG, 65 RACCEARGEE SRPAIREAAL G SR Bl B
R’ i
% s.:
Yy
§ ‘ T
‘ /
" 7
- /I
od s guvegaie prpcimadia sy oo l,’?ﬂl{r{r b depelpei,




HISTOGRAN VI1.23

19

s, g G M AT "

==¢
7

] Eatimated diatriby L -
1 -/\- nio:ence ;m%l::'w':@a
d Laagitudinal semply ’
* j
........ ofl Il WW’H{ IRENARA]
] ;] 78 & 8 g3 &<
PEXCENT FOSIEPTRGN 6F DALCREED
HISTOGRAM VII.24

oisTRIBYog O FERCEIACE MSBTRTACH SR MR SR

-----------------------

vvvvvvvv



192

HisTOSRAN VI1.25
ORI CERSRTOR VIR s ol o VSRR

| A "
] N\ Erotnenss pepaiatian
: E Loagitedinal sempla m n MM r"T"’]

-------

............... e
£8 it 568

--------------

WISTOGTAR V11,25

DS TRIRYTAE O GRS ORRRARY O G RS R B
a
f
3‘; _L__
z i
- ) i
; M1
. /




PERCENT OF POPULATION

FERCENT G~ 1 OPRATTN

193

. ag a8
PPN

2 f . . 4

16

. 12
PGP WP

_/\fmmnud distribution from
’ refarence populction _ ‘T
Longitudinal somple | ]
............. e B e = o et B R RO A e =

MISTOGRAM VIT.27
"EBE}BR‘L&1%8‘58“«%“?%1&%"&5&? %nﬁﬁk?ﬁ‘E?rb"rﬁl-!‘aé?ﬁsﬁl!ﬁ"%&%""?ﬂ”
N

HISTOGRAM V11.28

DR 90w CERT o A 8&5“}@5‘E%h“x’ﬂ%&??ﬁsﬁ?é"%ﬁﬁ%w”

2I0 2%

16
—l s

A

N
)
17

ey Yy v Y L [ namnd ro— - Lt eun s aamn A S R S AL AR SN



194
HISTOGRAM VI1.29

DISTRIBUTIQH O, FERREVIABEALPSORBIARY Rl ol FEGLRTIER "5

] _/\Emmnud distribution frem
raferance popuiction

Longitudinal sample

HISTOGRAM VI1.30

DISTRIBTION B8 e ORRED o e RSB

K

PERCENT RISORPTION OF F



195
HISTOSRAM VED.31

f\ﬁnnmoled distribution from

) SR e L T A

refaronce population

Longitudinal agmple
60“”é'"?@"""”";0""2'5”.'83"”8'5'"'5'0""1'5';”6'0‘"'S'ﬁ;;:rounb'sh”n 1'8{0”‘5910 ..’ g
HISTOGRAM VII.32
. DS TR Ao oS BRABD AR e e e R PARR AP
J .
E |
Y
o
Amal
b
] WL I
u5a'ox'sz'(az'ssaasq'ym:;ss'uérzlaéﬁ7'50'0'0%9'093"300
) FERCENT AB0R2TION UF ,



196

HISTOGRAR VI1.33 ‘
. BISTRIBYEAGH, OF FRRCEUIAGE SRRRTREIoh T T BT A7 LRI MCE TUR
&
u
§ :
y 7
B .
l I
] lifl
| A e :H/
. nnnﬂnnm} .
08!01520238035%05895560'65707588
. PERCENT ABIORITION OF PNT
HISTOGRAM VII.3% ’
. A N g Lo
)
b, 1
7 nat
|
- /f
0 snnsnmwwmsosﬁxwmnuowmém



197
HiSTOGRAN VIE.35

DiSTRIBJELEH F FRECEAAAEE ARSARREACH A A MBeTERY pobtDAHTD," =T

SRARRRRARSSEANNRERES EAd Ly pRALs] 1 1 T T 7 ; Aoyt |
0 ] 16 15 20 25 9 9 e 45 S50 S5 60 €5 79 7 @ 03 60 83 160

_/“\Eaﬂmuled distribution from
referanca population /
A
Longitudinal samplo q
Z 1
0T ik

PERCENT FRSCRPTION OF PV

HISTOGRAM VI1.36

S )t 2

/
o N

\E B At MK B \a 8 RAAASR MM

'r"'.' Ty 'II’"':I "II'I"'Y'III""l‘rr"l'lf"' bll'.'i
5 10 15 20 25 % & W 5 5 S e 6 W % 8 85 90 83 100
PERCENT RESORPTIMN & FAT



198
HISTOGRAM VII.37

orsTRIBYOR 06 RFECERCE CBRBAREATM T TAE ARt BoPoERan" ™

&
ﬂ
4
#
«
0.
g )
% J
16
) 3
w-
bl e Estimatad distribution from s
4 e saforonca pipubation -
! @ Longi!u'dinal aample ‘ ’
B s KR a ks A R aa s e S S R iwvﬂmm-mﬁrrvawr v Freidrng ety

e 8§ M W ®» & 8@ 85 S 45 8%y K 6 €& W W e L oy

PERCENT FRSURPTIR OF PRV

HISTOGRA® VII.38

DSt GRS P "ol O AR

e,

2

15
sl

PERCERT OF POPLERTIOY
12
(P

& PO 1

-

L

Q-Wmmmmmﬂrﬂrﬂrﬂﬁl

@ 5 8§ 5 2 B 2 8§ W 48 I S & &
' PERCENT ABSORPTION OF FLT




799

HISTOGRMY VIT. 20
. DISTRIBTARE FoART A ‘“ﬁ%ﬁ%&% % &M‘*ﬂégwfﬁajﬁm
"
% -
% ;
BIPaN hytle n
m%@”duﬁ' -
AR R S SRR AR A Msmégmfg@;;%”&' T G o6 oy &3 M
HISTOGRAR VIL.&
. DIRTICHL G fﬁ&%ﬁ?&ﬁ?ﬁaﬁ”?gﬁgﬁ%@%& R e e b

0o 00l

%
Em;
_—T

?z
-3

Y

.é. m....ﬁ....a,o....%....w.

e ARAI AARAR ARLE NSRS N
$3 % ¢ 53 S5 lt!) &35 70

FERCENT MOSOAPYION OF PIAF



%

3

£2

g d e

FERYAT &F FERATIY

L A A AR AR R aa S aa a iy (A g s s e pa e Ry AN

HISTOGRAM VIT.OY 200

rESRIENHERRD CRRES Rl SR Raleal D Mol Tl et NENCE R0 i

o

2
R TP
o §

A1 N '

N

3

d { / r { ]
P k

) j\ Eatjmatad Sletrlbation fross A E

e yeforeace popslelion i b
5 1
E @ Longiutiens sawmpls Hi g i E ?(ﬁt\\
e SRR [ANEEE AR L RS Twe.‘”
ﬁ H

A N 4 TR
9 5 0 13 .48 W W€ 22 8 st & 60 ¢ 0
PERTENT RBOIRPTION OF PRV

) HISTOGRAM V11,42 _
LB BCHEAT fﬁﬁ&?f&ﬁ?ﬁﬁ%%"%ﬂﬁnﬁﬁ. R Ry
j
N

7 ANRANASRALR G REASs R f
¢ S 40 15 @ 5 8 95 9 95 S S 6 € W I e & & s W
PIRCTAV RAZOREPTIN OF FAT



201
HISTOGRAS VI1.43

D AR N o MRS CEcMARE - E Rl bl ™

i

—

FEREET OF PPILRTERN
&
. 3

i\
§ I ) /
T N e H
@ Langlludinal sample // "'Afrh
@vhmmmﬁﬂmmmmm-ﬁ Tpleteteicllyly vilehyigtely ,....,)..'.'.,...w
] 0 1% 2 25 30 8 3 ¥ 5 S5 60 6 70 73 60 65 S0 o5 100
. PERLEXT RBSORPTICH OF KITROD:;
HISTOGRAK VIT.44
A T RL A A e A A
P
R B
% 9~ -
. | /,_\b
: /
- /
o T e —nﬁﬁﬁpﬁz* rpbebeel

PERCENT ASSORPTICH OF CALORIES



PEICENT OF POPURATTON

202

08101320258085_0045505560657075

‘ HISTOGRAM VIT.85
D P{BKW“R%WEﬁ&ﬁ'ﬁﬁﬁfn‘&ﬂsgml‘é"c%ﬁﬂu'ﬂuth@’?&lMﬁ‘ EAGRbAricm
.
E | AN
Fahl
] A\ Eetimated acibutontrom : {
B e ey S Mnml ........... h . i . | . I i ............



203

A piot of the normal distribution curve, derived from the distribution
of absorption values for the wpeference population”, has been drawn on each
histogram for visual comparison (see Section VI). The normal curves were
drawn using stendard mathematical formulae and the estimates of means
and standard deviations obtained from the "reference population" data.

The "reference population” data were discussed extensively in the 1976
annual report of the project. That report presented & discussion of the
uncertainty of the iocation and spread of the normal curves drawn on the
histograms. Since the curves are presented as a visual aid, no indication
of the uncertainty has been included.

One series of histograms has the combined data from both villages.
This series illustrates an annual comparison of absorption among lowland
Guatemalan males versus the soldier "reference population”. The finai
histograms include data for all four years as compared with the “reference”
population.

6. Discussion of the Results

More extensive interpretation of the results will be presented in the
third report of the project (policy jmplications) and following further
jterations to further reduce the errors noted in the data.

There is a substantial "balance effect" for percent absorption of
nitrogen and calories during the second three-day balance compared to the
first three-day balance. This effect complicates comparison
of later years with 1973 in which only one balance was performed. Also,
the first balance in 1974 was different from all the others. In this
balance, each subject's total caloric intake was adjusted to cne of three
levels in an attempt o approximately match the subject‘s pre-metabolic

ward intake. Therefore, it is reasonable to ask if the drop from Balance I
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to Balance II appears to be slightly larger in 1975 than in 1974. This
difference is not significant. The Balance I to Balance II drop in 1976

is unusual. The drop for Guanagazapa subjects was substantially larger

than for Florida Aceituno subjects. The "balance effect" was not consistent
for fat or d-Xylose absorption. '

Both Florida Aceituno and Guanagazapa subjects showed an increase in
the absorption of nitrogen for the first three years if the "balance
effects” are ignored. The increase is slightly more acute in Florida
Aceituno than in Guanagazapa. The absorption of nitrogen in both groups
levelled off at essentially the same level from 1975 to 1976. In the
absorption of calories, the Guanagazapa group showed a slightly increasing
trend over the four years of the study while the Florida Aceituno subjects
showed mixed increases and decreases. It is doubtful that any significance
should be attached to either resuit or in the comparison of the two.

The results for the percentage absorption of fat are similarly mixed.
Guanagazapa subjects had a high 1373 level of fat absorption which dropped
in 1974 and returned in following years to essentially the initial level.
Florida Aceituno subjects began at an initially low level and generally
increased their percentage absorption of fat to approximately the same
level as the Guanagazapa subjects by 1976. This “trend", as the others,
is toc short to be considered a real trend or to be of real significance.

The percentage absorption of d-Xylose also showed mixed results,
decreasing from 1973 to 1974 in Guanagazapa subjects and then increasing
in the following two years. The results for Florida Aceituno subjects
fluctuated. Absorption of d-Xylose appears to have shown less "balance
effect" than for the other variables.

Figures VII.6 to VII.9 present the results for the "longitudinal
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sample", that is the subjects who participated in all four annual metabolic
studies. These subjects show essentially the same patterns as seen in

the results from the data computed on all subjects. One would expect

this result since the "longitudinal sample" subjects comprise a majority
of the total subjects in each year's data.

Tables VII.14 and VII.15 show two types of correlations which are
of interest in this study. The first presents the correlations between
absorption of nitrogen, calories, fat, and d-Xylose, adjusted for other
effects (Table VII.14). This adjustment is important since adjusted
correlations do not contain extraneous effects such as village, year or
balance effects which would be included in simple correlations. The
correlations between percent absorption of nitrogen, calories, and fat
are quite high. These are on the order of 0.4 to 0.8. However, the
correlations between d-Xylose and nitrogen, calories, and fat are 0.20,
0.19, and 0.13, respectively. These correlations are all statistically
significantly different from zero at the 0.05 level. The practical significance
of the correlations with d-Xylose remains to be demonstrated.

Table VII.15 presents the estimates of correlations between similar
meacurements made on the same subject in successive years. An example is
the correlation between percent absorption of nitrogen measured in Balance
A in 1974 and percent absorption o nitrogen measured in successive balances
('748, '75A, '758, '76A, and 1768). These measurements are shown in the
first line of the table to be 0.32, 0.34, 0.25, 0.06, and 0.31 respectively.

The correlations show that the percentade absorption of nitrogen is
quite variable from balance to balance as well as from year to year.
Correlations between successive balances in one year are on the order of

0.2 to 0.3. Correlations between measurements on successive years fall



TABLE VII.14

Correlation Coefficients for Percent Absorption
of d-Xylose, Nitrogen, Calories and Fat
(Adjusted for village, year, balance effects and age of subject)

Component d-Xylose Nitrogen Calories Fat
d-Xylose 1 0.20 0.19 0.13
Nitrogen 0.20 1 .80 0.41
Calories 0.19 0.80 1 0.46
Fat 0.13 0.41 0.46 1

206

Note: These estimates are based on 804 degrees of freedom.



TABLE VII.i6

Corrclations Among Simiiar Measurements
Made Over Three Years and Six Balauces

I. Percent Absorption of Hitrogen

Year 1974 1974 1975 1975 1976 197¢
Balance A 3 A B A B
1974A 1 0.32 0.34 0.25 0.06 0.31

B 0.32 1 0.14 0.23 0.¢6 08.16
1975A 0.34 0.14 1 0.29 0.22 0.31
B 0.25 0.23 0.29 1 0.17 0.18
1976A 0.06 0.04 0.22 0.17 1 0.19
B 0.31 0.16 0.31 0.18 0.19 1
I1. Percent Absorption of Calories
1974A 1 0.36 0.26 0.16 -0.02 0.33
B 0.36 1 0.12 0.27 0.16 0.23
19754 0.26 0.12 1 9. 11 0.14 0.23
B 0.16 0.27 0.11 1 0.16 0.21
1976A -0.02 0.16 0.14 0.16 1 0.20
B 0.33 0.23 0.23 0.21 0.10 1
I11. Percent Absorption of Fat
1974A 1 0.27 0.27 -0.07 -0.21 0.00
B 0.27 1 -0.02 -0.12 -0.15 0.10
1975A 0.27 -0.0z 1 0.26 -0.10 -0.14
B -0.07 -0.12 0.26 1 -0.03 -0.08
1976A -0.21 -0.15 -0.10 -0.03 1 0.29
B 0.00 0.10 -0.14 -0.04 0.29 1
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Note: Correlations were computad from the error sums of squares and

cross products matrix from a full rank general linear multivariate model
which included, as mean effects: village, height, weiaght and age of subjects.
The estimates are bases on 93 degrees of freedom. Data were included

from all subjacts wich complete data for the six balances indicated,
including 46 from Florida Aceituno and 52 From Guanagazapa.
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in the same range, while correlations between measuremerts two years apartc
range from 0.02 to 0.31. | )

The parcentage absorption of calories exhibits even more random
variatien and generally Yess correlation among suyccessive measurenents.
Within year balance-to-balance correlations are approximately 0.1 except
for 1974. Beiween year correlations fluctuate widely from -0.02 (essentiall
zero) to 0.33.

The percentage absorption of fat exhibits less consistency than calorie
from year to year, with correlations ranging from ~0.21 to -0.02. The
absorption of fat is relatively consistent (relative to nitrogen and calorit
Successive balances for fat within a year have correlations varying from
0.26 to 0.29.

The general conclusion from these results is that there is some
consistency of percent absorption of nitrogen, calories, and fat from year
to year. However, for most practical purposes, knowledge of a subject's
absorptive capacity in one year provides little information on the subject'
capacity the next year or the preceding year.

Technical Note

A1l the vesults presented in Tables VII.6 to VII.13 and Figures VII.2
to VII.9 are based upon computations from a general linear univariate model
in which each observation was entered as an independent unit. In effect,
di fferent linear models were fitted for the different variables for percent
absorption of nitrogen, calories, fa* and d-Xylose. The analysis was
performed separately for all subjects and for the longitudinal sample.

A11 standard evrors and significance computations were based upon a
pooied estimate of the variance (presented at the foot of each table)

and the corresponding pooled degrees of freedom.
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Previous experience and analysis have shown that there are small
positive correlations between successive measurements on the same subject.
One of the assumptions underlying the computation of significnace Tevels
in the tables is that such observations are independent. This assumption
tends to make standard errors appear slightly too small and the significance
levels appear slightly greater than they really should be.

D-Xylose Absorption Studies

The d-Xylose absorption test is the most commonly used test of intestinal
function throughout the world. In structure, d-Xylose is a 5-carbon monro-
saccharide which is absorbed by the same transport system as hexose,
glucose and galactose. It js relatively poorly absorbed and not broken
down in the body. Csaky presented evidence that d-Xylose is actively
transported from the lumen of the intestine. The work of Isselbacher and
Senior indicates that probably as much as 60% of the d-Xylose absorbed is
metabolized. Nevertheless, the appearance of xylose in the blood following
oral ingestion refiects the intestine's capacity to absorb the pentose
and provides useful information regarding the functional integrity of
the intestinal mucosa. The appearance of ingested xylose in the urine
depends upon normal renal function.

Several investigators have pointed out the limitations of this test.
These limitations include:

a. Normal excretion of xylose decreases with age, particularly
in patients over 50 years of age.

b. Vomiting or delayed gastric emptying can lead to low urinary
xylose values.

c. Inadequate hydration, decreased effective circulating volume,
renal disease, and the presence of massive ascites can lead t3 a decreased

urinary clearance of xylose and a low xylose excretory value.
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Very low values for xylose excretion, as little as 2.5 grams per
5-hours, may be seen in the presence of a massive bacterial overgrowth
in the proximal small intestine. This is caused by the uptake and meta-
bolism 2f xylose by the organisms. Low values are also seen in disease
states when there is a significant loss of the functional integrity of the
jejunum. In spite of a large number of surveys and research studies, it
has been difficult to accurately evaluate the usefulness of this test.
This difficulty is due primarily to the fact that the test has undergone
numerous modifications, not only in the oral test dose of d-Xylose, but
also in other methodological aspects. One of the objectives of this project
was to assess the significance and usefulness of this test in evaluating
gastro-intestinal function at the population level. Another objective
was to further investigate whether the presence of d-Xylose malabsorption,
in a given subject, actually reflects food malabsorption and, if so,
to what extent.

Starting in November 1972, d-Xylose absorption tests were performed
in adult males in the two study communities and this continued during
May and November in each study year. The protocol for d-Xylose testing

was presented in the Methodology Report. Tw other groups of males were

also studied. These were military academy students (in 1972 and 1974)
and healthy soldiers from the rural areas of Guatemala whc had been living
in military barracks near the capital city for a period of two years prior
to the performance of the absorpiton test (1974). The distribution of
d-Xylose excretion in subjects from Guanagazapa and Florida Aceituno are
given in Figures VII. 10 and VII.1

A summary of the results of d-Xylose testing include:

1. The prevalence of d-Xylose malabsorption (below 16% of the oral
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FIGURE VIL.10

D-Xvlose Absgrption In Adult Males In Guanagazapa
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FIGURE YII.11
D-Xylose Absorption In Adult Maies in Ploride Aceltund
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*Tests performed in August 1972, May-Juine 1973, November
1973, April 1974, November 1974, May 1974.
**162 subjects

5**151 subjects



213
dose) fluctuated between 29 and 31%.

2. Seven to 10% of the studenis of the milftary academy wer:
malabsorbers based on the same criteria. Furthermore, d-Xylose absorption
was higher in cadets than in the rural subjects studied (Figurs vi1.12).

3. The incidence of d-Yylose maiabsorption in the soldiers studizd
in 1974 was 9% and the distribution curve was similar to that cbserved
in the military academy stndents (Figure vit.ie}.

As can be seen in Figure VII.13 in November 1975, the distrtbution
curve of d-Xylose ahsorption of individuals Trom Guanagazapa moved to the
right while that of Fiorida Aceituno rematned falrly stable. In the May
1976 test series, tie absurption curve Trom Guanagazapa indicated that
d-Xylose absorpticn had improved while that of Florida did nol show any
significant change compaved to the surves of previous years.

i difference was also observed {Figure Vil.14) ameng the rural subjects,
students of the miiitary academy, and soldiers when they were divided
into low (d-Xylose absorptioh below 16%), intermediate (16-19.9% ahsorption),
and normal absorbers (above 20% absorption). Up to May 1375, the percentage
of low absorbers in both communities remained fairly stable around 30%.
However, during the test series in November 1975 and May 1976, the mean
capacity of subjects from Guanzgazaps to absorb d-Xylose did fmprove and
equalled that observed in the ctudents of the military academy and soldiers.
The absorptive capacity of subjects from Florida Aceituno, however, did
not change.

Seven surveys were made to estimate the mean percentage of d-Xyloese
absorption. The resulis are summarized in Table VII.1 and Figure VII.15,
The differences in absorption batween communities were small in the early
surveys but quite large in the final two surveys. However, the substantial

year-to-year variability in community means cast doubt on the real



214

FIGURE V.12

Comparison of D-Xyvlcse Absowrption #n Adult Hales
Living Under Yillage ond Improved Sanitution Conditicus
{1972 to 1974}
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FIGURE VII.13

Comparison of d-Xylose Absorption In Adult Males
Over Two Time Periods
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FIGURE vII.14
Mean Number of Individuals With Low, Intermediate,
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and Normal Xylose Absorption (1872 to 1976)
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Test
Period

" Sept-Oct
1972

May 1973

Oct-Nov
1973

May 1975

Nov 1975

May 1976

Nov 1976

TABLE VYII.1

Mean D-Xylose Absorption In Adult lales From Florida

Aceituno and Guanagazapa (1972-1976)

Village

FA
GU

FA
GU

FA
GuU

FA
el

FA
GU

FA
GU

FA
GU

Percent Standard
Absorption* Error
19.01 0.50
19.67 0.64
18.61 0.44
18.87 1.66
20.70 0.89
21.17 0.85
18.09 0.52
20.24 0.60
22,02 0.65
22.52 0.54
18.10 0.58
23.68 0.84
17.42 0.66
23.77 1.03

Humber of

Subjects

137
106

172
17

56
48

144
106

157
115

143
95

82
75

*(f the oral dose administered.
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FIGURE VII.1S

Mean D-Xylose Absorptiorn In Adult Males In
Florida Aceituno and Guanagazapa (1972-1976)
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significance of the differences in the last two surveys. The apparent

trend might ov might not persist over future surveys, if they were performed.
The d-Aiylose test 1s based on the assumption that the subjects' capacity

to absorb d-Xylose is indirectly maasuring gastrointestinal bacterial

overgrowth and this might be related to the degree of sanitation prevailing

in the environments where these subjocts 1ive. Obviously additional tests

are needed before further statements can bz made on the association

of d-Xylose, bacterial overgrowth and their relation to sanitation conditions.
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VIII. Anthropometric and Parasitological Studies

These surveys were scheduled for both study communities during the
first and last year of the project. One hypothesis was that, after the
jntroduction of the sanitary improvements, the population of Guanagazapa
would show a decrease in diarrheal disease and an improvemen. in absorption
which would, in turn, be reflected by an improvement in their nutritional
status. Anthropometric parameters are considered to reflect nutritional
status. Thevefore, a beneficial change could be expected to occur in the
period between ihe first and the last suvveys, especially in children.

A related hypoihesis was that the availability of water and changes in

sanitation would lcad to a decrease 1in intestinal parasitism in the population

of the jmprovea cowmunity. Of course, these hypotheses were optimistic
considering ihe length of ine ctudy. The concluding parasite and anthro-
pometry survevs were not done due to the ending of the project earlier than
had been plauned. Therefore, the only data collected was for the baseline
survey.

Baseline Anthroncwetry Survey

These surveys were carried out in two stages. The first stage was
dore during August-October 1972 when 523 subjects from Florida Aceituno
and 599 subjects from Guanagazapa weie studied. The second stage was
periurmed durvag the period of June-September 1973 when another 439 and 7
subjects i scudied from Florids nceituno and Guananazopa respectively.

Fiqure VIII.1 presents the mean and standard deviation of the anthro-
pometric measurements of male and feiiale children from 1 to 6 years old.
Tabies VITI.Y and VIII.2 are the resulis obiained in cider subjects. These

rosui s ure similar to those in other gvoups of yural Guatemalans studied
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Height-For-Age and Weight-For-Height Indices In Children
From Two Rural Viilages In Guatamala
(9 to 72 Months of Age)
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Anthropometric Measurenents of Individuals From

Guanagazapa
Males
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Anthropometric Measurements of Individuals Frem
Florida Aceituno

Mules
1.3 7 3 1,87 8
fee Amerof aigt Wlgt o fomss Suafsid  Rmberof Helghu Deighe sl B9
o %
Ooers Irdividals () (1) {om) Oee) Erdivixols (oW (L] (=) thm
19 3 " .43 16.78 $.92 st 1909 214 15.60 s
. 0z.n* (.55 . Q1.453 (6.5 . Q.0 X))
n-13 53 13516 30.%2 wn.n 619 13838  31.87 19.58 .30
(10.0) 7.9 {19 {2.70) .2 4 B4 oy
120 ) 19,790 47.73 b IR0 ] 3.5 7 190.20% 63,70 .26 4.7
(r.n @ {2.3) (4.48) o  (.0e) .5 {3.5¢)
n-1y ] 158.43 0.9 n.s 6,12 [ 120.68 w228 23,60 $.48
(6.8 (119 (L9 . (7.8 (B.34) @8 0.1
830 3 135.00 24,07 2.1 .68 9 793,80 93.09 .38 8,78
(8 o (1.5 (1.%%) €23 .19) 0.9 Q.05)
Nn-3s 1] 155,16 3.9 W1 .00 16 151,38 S 2.2 4.0
. (8.8) (0.2 (.10 Q.39 (2.9) (a.30) (.9 Q.1)
- 3443 b 4 13433  53.48 3.9 $.5 19 153.70 S2.213° TG4 .90
7.9 0.4) (2.9) (.50 (59 v .3 14.27
>4 1] 156.31 S84 8.26 S0 . B 159.08 S3.09 25,65 $.37
(6.5 (s.3) () (1.96) (4.9 o 1.9 c.M)
Females

1 9 7 12 ) 1. 8713

e Nubev of Malght Weigh N? dﬁ%u Muber of  Holghy Ueight m:f"“’ mﬁﬁku
{334 ¢ ] g TEns
(ars) Individmls (@) (p {es) {om) Ldiviaals * () (i@ () ()
7-10 n 19406 20.09 18.%0 7.29 5 18,8 20.60 .47 .07
(9.5)° (38 (1.0 (1.58) (8.9 (4.08) (.3) a.13)
n-1s a 137.1 32.3) 20.19 10.08 T 134,63 3231 3.5 9.1
. .y @) (.9 | @ (9.0 (7.58) (2.6) a.30.
120 b4 148.60  ¢8.83 .4 11.83 147.66 58.23 22.% 0.57
(3.8) (4.62) (1.2) (¢.39) (3.0) 0o.0 €1.8) (3.34)
n-s " 106,00 43.53 .04 10.59 1228 73.10 zs.01 9.06
(a.; (333 (.1 a2 (%49 . Q1) (2.6)
»n " 1®s.76 43,38 26.64° 12.000 1) 146,20 29.50 D2 W
(s5.1) (s40) (.3 (3.70) (e.8) (5.88) (1.9) (2.8)
-8 " we. 3 %6.88 24.35* war ' on 144,35 46,39 =.9¢" 8.74°
(4.9 (6.9 {Z.4) (4.74) (5.9). (5.04) o.n (2.47)
43 143.39 8702 25.91 10.77 " W2 .30 i 15.80
- (s.8) (.0 (2.4 (3.42) (D & 0.9

> 138,93 43.43 73,43 9.93 -] e 44,70 .13 .84
(a.8) (8.49) (2.1} 3.89) (5.3 (835 Q.0 5.41)

*Mean + Standard Deviation ( ).
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by other investigators. The indices of weight-for-height (W-H) and height-
for-age (H-R) during the first year of 1ife, in both sexes, are within
normal limits. Both indices showed a drop during the second and third
years of life. The first drop occurred in the weight-for-height index
(w-H). This change was seen in both males and females during the 13-24
months period which is coincident with weanling. The drop may be attributed
to a prolonged exposure to a highly contaminated environment and to an
jncrease in diarrhea and infectious diseases. In males, the ¥-H index
seems to improve after three years of age and remain stable up to school
age. This improvement takes longer in fcmaies. The reasons for this difference
are unknown. The drop in the H-A index of females occurs after two years
(roughly 1 year after the drop in W-H) and although there seems t5 be
some recovery by the fourth year of 1ife, recuperation is not complete.
These observations are in agreement with those of other investigators
and demonstrate that children in chronically malnourished populations, who
survive the weanling period, do not grow to normal standards for well-
nourished children. The deprived children remain short in stature. This
adaptation may favor the normalization of the W-H index. The end result
is a young and adult population who are shorter but have relatively normal
arm circumferences and arm skinfolds. These measurements are shown in
Tables VIII.1 and VIII.2. Except for a small tendency for the young adult
population from Guanagazapa to have greater arm circumference and tricipital
skinfold measurements, no other significant differences were observed in
the anthropometric parameters obtained in Florida Aceituno and Guanagazapa.

Parasitology Survey

These surveys were done during the years 1972-1973. Eleven hundred

and ninety three subjects were surveyed, 664 in Guanagazapa and 529 in
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Florida Aceituno. Only 47 individuals from Guanagazapa (7.0%) and 46
from Florida Aceituno (8.5%) were free of parasites. The other subjects
studied harboured one or more intestinal parasites.

The species of parasites found most freguently are shewn in Table
VIII.3. E. histolytica and G. lamblia were the most common enteropathogeni
protozoa found in both comnunities. The former was more common in Florida
Aceituno (140 isolations) than in Guanagazapa (95 isolations). It is still
not certain whether the other protozoa found in these subjects are capable
of producing damage to the jntestines of human beings. In spite of the
frequent isolation of these parasites from the stools of the subjects, ther
was no significant relationship between their presence and diarrheal episod
or evidence of abnormal gastro-intestinal function. The high incidence
of parasitism may reflect the degree of contamination of the village
cnvironment."Other investigators have suggested that improvements in
sanitation and hygienic conditions are associated with a drop in the incide
of these parasites.

The three species of helminths most commonly found, in order of

frequency, were Uncinaria or Hookworm, T. trichiuris, and A. lumbricoides

(Table VIII.3). In other surveys, done during the years 1950-1960, the
most frequent intestinal parasite found in subjects 1iving in the lowlands

of Guatemala was A. lumbricoides, followed by T. trichiuris and Uncinaria.

The change from the 1950's to the 1970's may have been due to the massive
use of antihelminthic drugs, such as "piperazine", during government campa
aimed at reducing the incidence of intestinal parasitism. Piperazine is

effective against A. lumbricoides but not against Hookworm or T. trichiuri

When the freguency of isolation of intestinal parasites was analyzed

according to the age of the subjects (Table VIII.3),it was observed that



Fregquency of Intestinal Parasites In Study Subjscts From Both Villages (1972-73)

TABLE VIII.3

Guanagazapa
AGB 0-1 2-3 4-6 7-15 16-45 45 TOTAL
Mo, Subjects 28 S4 71 193 198 75 624
PROTOZCA
E. histolytica 1 2 5 32 &8 2% - &8
¥. havimann: - .- - ] ] 7 - 3
E. zoli § 26 26 89 110 k{/ 268
E. nana 4 7 15 St 76 20 167
¥. fmtsch‘,_i__i_ 2 2 14 L3 &3 1% 154
B, fragilis ] .- 1 2 4 ] &
¥. Eocminis -- - .- e .- b 3
Eh. peaniii .- -- 1 3 & 3 13
G. l=biie 4 10 e 20 7 3 53
BELMINTHS

A, himbricoides 10 21 42 122 j12 26 34z
¥. trichiura 3 34 43 138 102 1 35§
waﬁnm 3 21 35 133 118 4d 367
5. stercoralis 1 1 6 is 9 3 55
VERRICUIAriZ .- 1 .- O | 4 -- &
Taenla SPp -- .- -- 3 s 1 &
B diainuta .- -- 1 .- - .- 1
NEGATIVES 14 3 5 5 12 6 &7

Fiorida Aceituno

0-1 2-2 &6 7-1% 15-48% 45 TOTAL
Nc. Sabjects % & 31 14 203 23 359
PROTGL2OA
B, histolyticza ] S 9 26 76 pi7] 140
E. hovtmann o .- e 3 4 1 l
¥, eoli 2 7 i3 &1 [ 3] 21
£. B8R 1 ¢ 6 13 %4 13 11
Y. Buteehlid 1 L4 1 23 75 Y {1 136
B. Tragiiis -- § t -- 5 - 7
. BeRINS .. - .. - 7 .- 7
T, wesnlll 1 4 3 2 10 -1 3
B ixElis ] 11 ] 16 12 .- 2
UELHINTHS
A, hmbricoides 6 16 #H 58 ] W 213
¥. irichwura | 14 -3 6i 7% 38 2
Teoksore 3 19 b2 | 8t 149 69 358
5. stegzorsiie .- .- 2 4 11 2 19
E. vemioularis - on - - ] - 1
‘?gcnga e -~ .- cw 1 ve e 1
T danita - - - -- - 1 1
FEGATIVES 13 3 4 4 ® 8 46

92
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48% of the children under 1 year of age from Guanagazapa and 64% of children
of the same age from Figrida Aceituno had negative stool examinations.
Those children, with positive stocl examinations, had muitiple infestations
with helminths and protozoa. As age increased, the percentage of negative
stool examinations decreased with an increase in cases of multiparasitism.

In general, the severity of helminth infection among the popuiation
studied can be considered to bz mild if judged by the ova counts cobtained
in 288 stool samples from randomly chosen individuals. These samples
were analyzed by the Stoll's concentration method. The results were recorded
as mean egg counts:

Ova/gram Feces

A. lumbricoides 9112 = 2279*
1. trichiuris 619 + 268
Uncinaria 1112 + 384

*mean ¢+ S.D. ova counts/gram of feces

The number of eggs per gram of feces was higher for A. lumbricoides.

Very few individuals showed egg counts of Uncinaria which are believed to

be associated with iron deficiency anemia.
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IX. Quality Control In Intestinal Absorption Studies

This chapter describes the qual.ty control employed to assess the
accuracy of the chemical amalyses used in the food absorption studies.

1. Backqround and Purpcse

The methodology used in these studies to measurs intestinal absorption
{in both noymal subjects and malabsorbers) is well documented. The procadure
js directed to obtaining a metabolic balance of foed intake and focd excretion
(intake versus outgo). A balance between food intake and fecal elimination
requires that the food actually consumed and the unabsorbed food excreted
by the subject be accurately measured by chemical analytical procedures.

The objective was to accurately measure nitrogen (protein), fat and calories.
1f desired, the consumption and elimination of carbohydrates can be appro-
ximated by computing the difference between the intake of nitrogen and fat,
assuming that the amount of nondigestible fiber is known. The analytical
methods included: the Kjeldahl nitrogen procedure for protein; the van

de Kamer method for fat; and bomb caiorimetry for total calories. These
procedures are quite accurate when employed by competent analysts (see Volume
I, Methodology). An alternative procedure, using vadio-isotopes, was not
practical on the scale employed in this study.

A total of 120 individuals from the two villages were admitted to the
metabolic ward for 5 1/2 to 6 days in each year of the study. The daily
intake of food and the stools of each individual were analyzed for nitrogen
(protein), fat, and calories. In addition, blood and urine samples were
collected from each individual to ascertain that the individual was not i11.
The d-Xylose test was administered, prior to admission to the metabolic

ward and during the metabolic balances, to screen for malabsorption.
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The total number of samples, including replicates, exceeded 10,000
separate chemical determinations. Under these circumstances, no matter how
careful, dedicated, and competent the Taboratory personnel, the possibility
of error always exists. As vointed out by Whitehead (1), errvor can he intro-
duced from misreading an instrument, an jmproperly adjusted instrument,
errors in calculation, transfer errors {including the transposirg of digits,
e.g. 110 to 101), incorrect placement of a deciwal point, use of a vrong
sample, or use of an incorrectly prepared reagent or standard.

To minimize ervor and maximize accuracy, both internal and external
quality control were utilized in the Guatemalan study. Internal quality
control, at the Esquintla metabolic ward and INCAP laboratory, was the
responsibility of the INCAP ctaff. External quality contrsl was carried out
in North Carolina. Samples selected at random from the project metabolic
ward and INCAP laboratories were jndependently analyzed by the laboratory
of the Department of Animal Sciences at Morth Carolina State University in
Raleigh, N.C.*"

A known sample of cottonseed meal, rigorously analyzed by the National
Academy of Sciences 1sboratory (2), was also used as an external control to
check the results of both the Guatemala and the UNC laboratories. This
procedure is an established and approved methodology to validate the accuracy
of the many chemical determinations from which conclusions may be drawn.

There ara many references to quality control in the Cumulative Index Medicus

(particuiarly Volumes 16, 17, and 18 for 1975, 1976, and 1977). The references
listed at thc end of this section (1, 3,4, 5,6, 7) were obtained from this

source and were used to organize the methodology used for both internal

*The analyses were done under the direction of Professor Frank H. Smith,
Professor of Animal Sciences in Aralytical Chemistry.
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and external control. The following guideline (1) was also used in addition

to external quality contrel (Figure IN.1.)

Figure IX.\

Quality Controi Schema

Check control material. Has it altered in composition?
If satisfactory, check the standards used.

1§ satisfactory, check the sampling system. For example, automatic
pipettes.

If satisfactory, check the measuring system. For example, spectro-
photometer.

If satisfactory, check the calculating system.

1f satisfactory, preparve reagents. Ty to identify those for which
stability may be poor.

If satisfactory, repeat optimal conditions variance.

1f satisfactory, check the way in which the method is being routinely
performed.

Are instructions peing followed carefully?

1f there has been a change in precision, check the factors concerned
with the analytical process variance. Ffor example, temperatures of
reactions, timing, and mixing.

1f satisfactory, check if instructions are being rigidly followed by
the laboratory staff.

If satisfactory, check the sampling system. For example, pipettes.

If satisfactory, check the measuring system. For example, spectro-
ohotometer.

1f satisfactory, check the calculating system.
If satisfactory, check the reagents.
1f satisfactory, check the optimal conditions variance.

1f satisfactory, check the instructions again. Are they being followed
carefully?



1974 Quality Control

TABLE IX.1
On Analyses of Hetabolic Ward Samples

1NCAP Calories Fat #itrogen
Tdentifi- (Kcal/100 g - Dry weight) (g/100 g - Dry welaht) (g/100 g - Ory weight)
Fcod cation % % %
Item Number UNC INCAP Diff. Diff. UNC INCAP Divf. Diff. UNC INCAP Riff, Biff.
1. Cheese 303 387.30 362.14 -25.16 6.50 2.57 1.36 - 1.21 47.08 10.93 10.45 - 0.48 4.39
2. Meat
(Beef) 324 507.40 | 497.62 -9.78 1.93 13.89 4.36 -9.53 68.61 12.71 12.45 - 0.26 2.05
i3. Rice 305 449,00 436.73 -3.27 0.74 5.76 1.34 -4,82 76.74 1.34 1.87 + 0,23 17.18
l4. Beans
’ (Black) 306 395.70 371.00 -24.70 6.24 1.28 5.70 +4,42 345.3 4,31 4.384 +0.13 3.02
'5- Bread 308 426.21 409.43 -16.78 3.684 6.01 4.96 -1.05 17.47 2.27 2.48 +0.21 g.,25
6. Pan Duice
{Sweet 300 443.00 431.61 -11.39 2.57 10.78 7.60 -3.18 29.50 1.45 1.54 +0.09 6.21
Bread)
7. Tortilla a : 27 15.25
(Corn) 310 404.80 | 396.20 |- 8.60 2.12 1.83 | 1.63 -0.20 10.93 1.77 2.95 | +C. .
8. Stools Bal. 40-1 - ‘
| * E 266 490.60 494.15 + 3.55 0.72 11.86 6.78 -5.18 43,31 5.08 4,81 -0.27 5.31
'9. Stools 8al. 40-1
E - E 267 449.00 440.10 - 8.90 1.98 12.59 2.54 ~-10.05 79.83 6.26 6.08 -0.18 2.83
10.Stools Bal. 40-1
) E 268 459.10 436.20 -22.96 5.00 14.40 3.38 -11.02 76.53 7.C0 5.73 -0.27 3.86
Hean 440.32 427.02 13.51 8.11 3.97 5.03 - 8.3 £5.26 0.24 - o
Std. Error 12.35 14.32 3.0 1.64 n.72 1.56 - 1.26 1.19 0.08 - «w
t 4.25 - 2.65 - 0.63 -
Significance p<.0l p<.05 - §.S. -
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2. Application of Quality Control To The Guatemala Project

a. Sampling. Specified samples of food and excreta were selected
for analysis at irregular intervals during the metabolic years 1974, 1975
and 1976. MNo samples were obtained during 1973. However, the procedures
developed during 1973 were repeatedly checked and observed. The samples
selected were analyzed at the laboratories at INCAP and an aliquot of the
same sample analyzed at the control laboratory in the Department of Animal
Sciences, North Carolina State University, Raleigh, North Carolina The
data obtained from these analyses are shown in Tables IX.1, Ix.2, I1x.3, and
IX.4. As a further check on both laberatories, a sample of cottonseed meal
of known composition, obtained from the National Academy of Sci=2nces, was
also analyzed. These values are found in Table IX.5.

b. Analytical Procedures. The methods used for the detcyrmination of
calories, fat and nitrogen at INCAP and the Esquintla ward have been described

in detail in the Methodology Report.

(1). Calories. The method used for the determination of calories was
bomb calorimetry. The procedure and method employed was that described in
Manual No. 130, Parr Instrument Company (8). The bomb calorimeter used at
INCAP is the Ballistic Calorimeter, CB-370, manufactured in England by A.
Gallenkamp and Company, Ltd.. Using a Ballistic instrument and a Parr
procedure theoretically should not affect the results of the determination.
A Parr Calorimeter was used in the N.C. State University laboratory for
external quality control. In both laboratories, each calorimeter was
calibrated before use by the combustion of standard benzoic acid of knovn
caloric value.

(2). Fat. Food and fecal fat was determined by the method of van de
Kamer, Huinink and Wegers (9), applying the precautions noted by Braddock



TASLE IX.2

1975 Quality Control Or Analyse- Of Metaholic Ward Samples

INCPP Calories Fat Nitrogen
Identifi- (Kcal/100 g - Dry waight) {g/108 g ~ Dry weight {q/100 q - Dry weight
rood catien 3 4
Ttem Numter e INCA? Diff Diff UNE INCAP niff Diff UNE INCAD DIEE Dife
1. (3732:) 333 434.36 | 404.80 1-29.56 6.21 1.85 2.0 +0.26 14.05 4.10 3.58 -0.52 12.68
2. Creese I 333 lass.1s | 288,22 l-15.72 3.25 2.73 | 2.19 +0.06 2.20___{11.05 | 10.52 -0.53 “.80
>oat 33 525.84 | 492.28  |-35.56 6.75 7.88 | 7.65 -0.23 2.52  [13.0 | 12.87 -0.23 1.76
4. Rice 532 422.36 | 335.76  |-26.61 6.30 7.95 | 7.68 -0.28 3.52 1.26 1.15 -0.1 8.72
5. 3rexd { 335 461.20 | 451.07 [-10.13 2.2C 5.35 i 5.26 | -0.09 1.68 2.36 2.28 -0.12 5.08
5. rinCuile ! i
fg:ffg\ 337 {463.50 | 431.50 |-32.30 6.33 9.84 | 10.34 +0.50 5.08 1.37 1.29 -0.08 5.84
“recsy '
7. Teetilla z
oot 15214 | 220.63  |-11.5) 2.55 2.32 | 2.35 | -0.17 6.75 | 1.74 1.66 -0.08 4.60
3. Stools £21.48(1)-E330i451.C8 | 478.12 |-12.95 2.64 15.4 15.04 -0.4 2.78 6.30 6.07 -0.23 3.65
s, Stols £a1.£5{11)£330,455.18 | £64.62 |-30.55 6.17 16.57 | 10.14 -0.43 4.07 7.43 7.26 -0.17 2.29
10. S:s3.s Bal.28(1)-£332'433.90 | 481.15  [-12.75 2.53 13,14 | 10.86 | -0.28 2.51 7.07 6.65 -0.38 5.37
1. Steols 831.£8(17'€332/275.15 | 479.13 [+3.93 0.84 8.56 | 8.74 -0.22 2.46 7.27 7.21 -0.06 0.83
12. Stsols £a1.43(1°-£336/469.49 | 439.31 }30.13 6.43 | 13.71 | 13.43 -C.23 2.04 6.94 6.37 -0.57 5.2
13. Steals fal.es(1N)£3351239.81 | 454.80  }35.01 7.15 | 9.7% 9.25 -0.49 5.03 7.85 7.28 -0.57 7.26
EPINIEEI Ba1.43(1)-£3701453.22 | 473.18  126.04 5.2 11.49 ! 10.94 -0.55 4.79 5.80 6.26 -0.€4 9.28
13. >-001s 2a1.45{11)£315,437.53 | 457.37 l40.1¢ 8.07 !1a.2c 9.80 -0.49 .76 7.09 6.38 -0.7 10.01
T5.313Ts Ba1.50{1)-E£345{503.68 | 426.25 122.23 4.37 5.97 9.24 -0.73 7.32 7.06 9.97 | <2.91 | 41.22
H.Steets £21.82(11)£345/524.15 | 501.62  |-2.52 0.50 ! 9.15 | 8.85 -0.30 3.22 7.86 7.39 -0.47 5.98
3. Senis B21.52{1)-£55.1511.8% 1 450.00  421.83 4.. 113,15 | 30,92 -0.23 2.06 6.86 7.3 +0.45 6.56
1§ reel 5:1.52(11)E3607538.15 | - - - i 1949 - - - 7.30 6.42 -0,88 12.08
Mean ! 1°3.32 | agn s 22 21 | 505 | 5.3 0.33 6.36 £ 21 0.5
Std. frror i _1_es¢ 5.29 3,01 2,83 | rga 007 07 9,72 | 0.5
: | ; 6.73 B o 1.213
Sig-*ficance | | p<.01 __L - reny i ! v o

£ee


http:1al.50tI)E3-3-55:4.15
http:45j63.63
http:43(11)E331,139.81
http:tl.JS(1'-AE325j459.49
http:531.48(1''332JL75.15
http:BaI.430)-E3343.90

TABLE IX.3

1676 Quality Control On Analyses Ot Hatabolic Ward Samples

T
INCAP Calories Fat Hitrecgen
Identifi- ‘ {Kcal/109 q - Dry weight) la/100 g -~ Cry weliont {g/109 g - Dry weiaht) .
Food catier i % 3 £
Item umber l UNC INCAP D1 £f. DIff. Lys iNCAD Di ff. Diff, u:C INCAP Di £7. Di (7.
1. Tortilla 054 %443.04 | 463.00 | +14.55 3.3 3.6 3.02 -0.14 4.43 1.55 1.49 -0.06 387
2. Ess Protein ) 43 : £4.23 % 456.21 -8.02 1.73 8.53 7.50 -0.52 7.22 0.93 | 0.9 -0.02 218
3 E:iff:e’," 110 ls2e.77 | s1c.38 | -16.43 3.2 | 6.5 .54 +0.03 7,38 12.37 | 12.00 -1.37 10.25
Z. Rice . ces | 26,55 | 405.73 -18.82 4.83 [ 0.65 | 0.70 605 | 7463 757 1.47 <0.05 | 3.29
5. teurs { ' ' [
{1ack) AR Jc';.os | 441.30 +2.24 0.51 2.7 2.00 007 1 7.23 4.13 3.83 -0.39 7.25
6. Seteals EESS | | |
: |2 ¢33 8140 ! 352,60 -12.,89 3.88 7.33 6.70 =0.£3 1 8.59 6.74 6.00 -0.2¢ 19.48
- < a'. o - LY
7. Stedi ﬁl £ .47 [£23 :8_{ 520,53 -22.5% 4.15 s. N 8,90 0.8 |3 6,82 6.43 2,39 5.12
e CFY I - !
& sreel t a3 o | osanlze -15.52 | 3.00 7.7t 735 L2080 i 7.62 7,32 | .68 -0.68 q.20
3. Stor] B2V, (s - 1 T l !
. < € - .33 . 1 541,87 | €3 .82 +5.95 1.28 9.70 9,73 .03 \_0ur 8,58 6.54 0,12 1.50
s e, o2 - s ! !
10. Steols | -1 ﬂa;s [ 470,20 -35.85 | 6,67 7.92 7 13 076 | om | e 6.43 =0.33 5.28
See TASLE IX.4 for surmary of 1976 samples.

vee



TABLE IX.8 .
1976 Quality Control On Analyses Of Netabolle Hard Samples (cont'd)

IRCAP Calories Fat s - Nitrogen
Identifi- - {¥cal/100 g - Dry weight) (9/190 g - Sry weight {af100 g = Dry weight}
Food cation T % i L]
Item Number UNC IiCAD DiFf. Diff. UNC - INCAF Di Y. DY £v, usc INCAP BiFf. i3
Boans = . ., . o =
1. (B1ack) 432 451.85 | 416.30 | -35.56 7.87 1.79 1.57 | -0.22 12.29 4.36 4.0 -0.28 5.95
12, £50 482 693.55 | &57.00 -36.58 5.27 35.80 J..00 +2.00 5.59 8.19 7.85 -0.34 £,15
13. Tortiila 472 459.34 | 438.00 -21.14 4.60 2.88 2.20 -0.68 23.61 1.56 1.47 -0.09 . 5.77
14. Rice £92 151,23 | 438.60 -12.63 2.86 3.56 2.60 -0.96 26.97 1.26 1.24 -0.02 1.59
18 bread), 488 s10.80 | €23.70 | -12.10 3.88 | 4.37 518 | +0.81 | 18.58 .51 | 1.5 0.00 .
16. 221. 88 - I
Stools £ - 375 491.32_ | 472.40 -18.92 3.85 6.25 6.62 +0.37 5.92 6.93 6.45 -0.48 5,93
17. Stools Bal. 58 -I1I g
£ - 315 493.57_ | 466.20 -27.37 5.55 6.60 5,72 -0.88 13.33 7.09 6.81 -3.28 3,98
18. Bal. 58 -11 ‘
Steols E - 374 511,78 | 509.12 -2.6¢ 0.52 9.78 8.67 -1.11 11.35 7.2 7.0 -0.21 2.9!
19. Bal, 58 - 1 '
9. stools E - 376 497.20 | 477.00 -20.20 4.06 10.81 11.15 +0.34 3.15 5.62 5.19 0,43 7.65
20. Eal. 88 - 1
0- stools E_- 370 505.46 | 496.80 -11.66 2.29 9.63 7.16 -2.47 25.6°, 6.51 6.14 -0.37 5.68
Mean 496.13 | 480.41 18.13 7.45 7.13 0.68 5.30 4,98 .33
std: Error 13.53 12.83 3.17 1.75 1.85 0.20 0.72 0.56 0.07
N 4.93 1.91 §.74
Significance p<.01 N.S. p<.01
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TABLE IX.S5

Analysis OF National Academy of Sciences Cottenseed Meal

) Fat Nitrogen* Protein®
Dry Matter Calorias¥* g/100 g. g/100 g g/100 g

Origin g/100 g small cal/gm (dry weight) (dry weight) [calculated (x 6.25)

NAS 89.95 4250.0 not available 8.55 53.44
#11208EB . QY. . .

UNC 93.31 44337 3.55 7.98 49.87
Guatemala 93.95 4134.3 3.60 7.€8 48.00

NAS
$12340 - - - 9,72* -

UNC - - - 9.63 -
Guatemalia - - - 9.58 -

*Average of three determinations

9€¢
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10) and Saunders (11). An alternative method, which was not used, is that
employing ether extraction. This latter method is not practical for the
large numbers of determinations which were necessary in this project. In
addition, the ether extraction method also dissolves ether-soluble but non-
fat materials.

(3). Nitrogen. The determination of nitrogen was done in both laboratories
by the well-known Kjeldal procedure (12) as modified by the procedure of the
Association of Official Agricultural Chemists (13).

3. Results and Recommendations

a. Calories. 1974 metabolic results (see tables IX.1, IX.?, IX.3
and IX.4) based on quality control samples, are well within a biologically
acceptable 10 percent (0.72% - 6.50%). There is a small, but distinct,
tendancy for the INCAP energy values to be slightly lower (except for
#8) but still within an acceptable 10 percent. It is possible that the
use of two bomb calorimeters (UNC's Parr Bomb and INCAP's Gallenkamp) may
haQe been the cause of this difference. As in the 1974 series, all caloric
determinations in the 1975 balance studies are well within 10 percent
(0.50% - 8.0%). Again, the caloric values obtained zre lower than the UNC
reference values but still within an acceptable 10 percent. A11 values in
the 1976 Metabolic Balance Studies (1st balance IIIA and 2nd balance IIIB
combined) are also within an acceptable 10 percent. As was true of the 1974
and 1975 results, the caloric values are slightly lower than the UNC reference
determinations (0.51% - 6.64%). On the basis of these quality control
determinations, there does not appear to be any reason why the caloric
values should not be used to assess malabsorption and food waste costs.

b. Fat. The agreement between UNC's quality control analyses and those

completed at INCAP for the 1974 balances are very poor. This is apparent
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from an examination of the numerical and percent differences in the “Fat"
column of Table IX.1. In the 1975 results, there was better agreement
between INCAP and UNC values. A1l values except #335 (Table IX.2) are
within the biologically accepted 10 percent range. Although the values
for fat in Table IX.3 (1976 balance) are much better than those in Table
I1X.4, the large differences make it doubtful if they should be used to
estimate fat absorption or malabsorption till further quality control
checks are done.

Because of the wide disparity in results between the UNC external
reference values and the INCAP values for fat, the use of these values for
acertaining malabsorption must be done with caution. Fat determinations
were a continuing problem which has been discussed in several previous
reports.

c. Nitrogen. In the 1974 balance, with the exception of #305 (17.16%

di fference) and #310 (15.25% difference), the values are within an acceptable
10 percent error. Except for samples 335, E345(1) and £360(I1) in the 1975
balance, and #1110 and #E435 in the 1976 combined balances, all values are

within the 10 percent range.

4. Analysis of National Academy of Sciences Cottonseed Meal

To assess the analytical values obtained by both UNC and INCAP for
calories, fat and nitrogen, 2 sample of cottonseed meal of known chemical
composition (2) was analyzed by both laboratories. These values are presented
in Table IX.5. There was a close correspondence between the results from

the two laboratories.
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Year-Month

7303
7304
7305
7306
7307
7308
7309
7310
7311
7312
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
412
7501
7502
7503
7504
7505
7506
7507
7508
7509
7510
7511
7512
7601
7602
7603
7604
7605
7606
7607
7608
7609

Bistribution of Persons Present Over Time

{March 1973 - September 1976)

Guanagazapa

906
903
1019
1034
1030
1036
1036
1036
988
988
1009
1009
1079
1079
1076
1075
1074
1096
1109
1082
1048
1048
1077
1113
1098
1
mm
M2
1116
1163
170
1151
1157
1157
1160
1160
n7n
nn
1193
1194
1192
1192
1188

Florida Aceituno

i

764
821
863
867
861
S02
868
865
865
856
856
857
856
861
908
907
904
903
896
921
9
959
984
59N
986
970
982
1005
1020
1005
1009
981
981
972
972
1021
1021
1046
1034
1044
1077
1083
1083
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Distribution of Persons Present Over Time by Sex
{Harch 1973 - September 1976)

Guanagazape Florida Aceitunc
Year-Month Male Female Male female
7303 460 426 a7 347
7304 520 473 445 376
7305 530 489 469 394
7306 544 490 472 395
7307 541 489 468 393
7308 541 495 ) 481 421
7309 543 493 479 398
7310 543 493 470 398
7311 527 461 475 390
7312 527 461 475 390
7401 533 476 473 383
7402 533 476 a73 323
7403 563 516 475 382
7404 563 516 . 475 381
7405 566 510 474 387
7406 564 511 497 Ml
7407 563 511 499 408
7408 573 523 4938 406
7409 578 531 494 409
7410 563 519 492 404
7411 543 505 502 419
7412 543 505 502 419
7501 562 515 524 435
7502 581 532 531 453
7503 577 521 523 463
7504 - 530 531 532 454
7505 590 521 523 442
7506 588 524 531 451
7507 588 28 545 460
7508 616 547 554 466
7509 618 552 544 a6l

7510 614 537 541 468



Births, Deaths and Migration by Sex
{(April 1973 - September 1976

Population Dynamic Guanagazapa
Entering village* 1837
Male 914
Female 923
Leaving village* 1555
Male 770
Female 785
Population increase 282
Population increase(%) 3

iv

-Florida Aceituno

1887
961
926

1568
796
772

319
42

*Eptering: births, immigration
Leaving: deaths, outmigration

Note: This data is based on the monthly census complated in each village.
fn individual is counted as either entering or leaving the village
if they were present or absent in the previous month. It is
possible that only a small proportion of the total population
in either village was responsible for most of the migration,

{.e., they moved in and out frequently during the study period.



Dollars

Hours

Hours

$25

20
15

10

90
80

70

60
50

40

90

80
70

60

50

40

village Economics

Comparison of Employment and Earnings
(April 1973 - Harch 1974)

. Florida Aceituno Mean Earnings Per Two Weeks
3 [} Guanagazapa
H B - H
o -‘ F
=R
;] u
- Bt -
«J =
B! B
i Hean Hours Worked Per Two Weeks (Salary)
1 g
] N 8 ]
. . .
- - - -
FI oy -
paceet - - -1
Mean Hours Worked Per Two Weeks (Self-Employment)
1
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Village Economics
Reasons For Ho Econcmic Activity
(Heads of Household)

Month August 15973 November 1973 January 1974 March 1974
Number of GU FA GU FA GU FA GU FA
Subjects 55 64 62 51 58 64 58 63
Reason  cccccccrrrecees Days Absent (Percentage) For Each Group of Subjectss e e

I1lness
Hospital 12(21) | 12(30) 18(28) | 13(23) 20(35) | 14(37} 14(25) |42(84)
Family

i‘] -
flgsl:izay - 3(8) 10(16) | 1(2) o(16) | &{16) 15(27) -
Affairs
Could Not
Find Work 4(7) 8(22) 27(42) 3(5) 28(49) | 10(2s) 23(42) -
Resting 31(54) | 16(40) 9(14) | 39(70) - 8(21) 3(6) 8{16)
Other 10{18) - - - - - - -
Jota) Days 57(100)| 40(100) 64(100)| 56(100) 57(100)] 38(100) | 55(100)| 50(100)

S~
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VARIABLE
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®»IREGPER

LIARORDY
O1AROREC2
VUTARCRO3
UTARSRQOS
DlaRIROS
UIARQHNG
LLARLPQNT
UlaRnNros
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prargPio
o012 %R11
Uls,.3R12
JIARCRI3
Cl&RCR1&

UNIGFAN .
RITTIPER

UIAKGRNY
PIaARQORO2
CIARCANS
QPIARCKH DS
DIARCRQS
OTAHDH NG
UTARCRAY
OYARQRAR
VIARZRQY

DIARCR1O -

VIARPRLY
OIARDRI2
I"1ARCR13
UIAROR1S

LABDL -

piarrheal Morbidity Rate Descriptive

by Quarter and Viliage
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QUARTER 2

QUARTERLY DIARRHEAL RATES, QUARTER 1

QUIRTL? 6
QUARTER 7
QUARTLR 8
QUARTER 9
GUARTER
QUARTER 1
QUARTER 1
GuiRTER :
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1
2
2
GU'RTER 14

a=0DIGIT UNICUE FARILY 10
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QUARTIR
QUARTER
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Statistics
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DEVIATION vaLve
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121.2887317 0.0000C0
113.33149084 0,000000
60,08T72259 0,49%¢000¢C
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62%,00000
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2332,00000
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50n,00008
%00,00000
600,08000
$60,00v00
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3553,33333
«00,00000
333,35223
37%,00000
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259,00000
%00,00000
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1000,0C0C0

S*0 ERROR
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6.,01736378
0416237277
8.38971720
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9,50041326
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%,6879C360
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7.3495009¢
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3,8%720846
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Diarrheal Morbidity by Season, Sex and Village
Rate/1000 Population
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Diarrheal Morbidity by Age, Sex and Village
Rate/1000 Populaticn
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Mean Quarterly Diarrhea Rate Versus Family Size by Viilage
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Adjusted Diarrheal Rate for Guanagazapa*
(mean and standard deviation)
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*Estimate of morbidity rate adjusted for families with five or more persons and
the geometric mean of their water consumption.
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Adjusted Diarrheal Rate in Florida Aceituno*
(mean and standard deviation)
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*Estimate of morbidity rate for families with five or more persons.
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Infectious Diseases Morbidity Rate Descriptive Statistiés
by Quarter and Village

VARIABRLE  LABEL N
UNTIOFAM ¥=31GIT UNIOUE FaMILY 1D ang
PIRRPIR HUKBER OF PERSONS PRESFNT FOR MORPIDIYTY 53
IMFCaral GUARTERLY INFECTIOUS DISEASE RATES, QUARTER 1 209
INFEQRN2 QUARTER 2 12
INFCCROS QUARTER 3 212
INTCORCY QUARTER & 198
INFCRROS QUARTER S 2192
INFCORO6 QUARTER 5 >3
1NFCORO? QUARTER 7 251
INFCORNG QUARTER 8 282
INFCORD9 . QUARTER § 2
INFCCRIN QUARTER 10 2s2
INFCOR2Z QUARTER 11 288
18FCORL2 QUARTLCR 12 ¥u3
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PIRKPER HUKDER OF PERSONS PRESENT FOR MORPICLITY 318
IKFCQROL QUARTERLY INFECTIOUS DISEASE RATES, QUARTER 1 o522
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Infectious diseases: otitis and conjunctivitis
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Infectious Diseases Morbidity by Seasonm, Sex and Village
Rate/1000 Population
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Infectious Diseases Morbidity by Age, Sex and Village
Pate/1000 Population
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Key: Infectious diseases: otitis, conjunctivitis
Rate/1000
Humerator: cases
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Mean Quarterly Infectious Diseases Rate Versus Family Size by Village
Rate/1000
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Rate
1600
Population

100

Adjusted Infectious Disease Rate in Guanagazapa
{:tean and standard deviation)

01.5

9.5

Jan.

Dec.
1973 1976

*Estimate of morbidity rate adjusted for families with five or more persons and the
geometric mean of their water consumption.
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Rate
1000
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85°

Adjusted Infectious Disease Rate in Florida Aceituno*
(mean and standard deviation)

160

[ R T3

Jan.
1673

*Estimate of morbidity rate for famiiies with five or more persons.
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1976
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Respiratory Disease Morbidity Rate Descriptive Statistics
by Quarter and Village
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Respiratory Disease Morbidity by Season, Sex and Village
Rate/1000 Population
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Respiratory Disease Morbidity by Age, Sex and Village
Rate/1000 Population
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Skin Infections Morbidity by Season, Sex and Village
Rate/1000 Population
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Monthly data points are the sample means from Florida Aceituno.
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Monthly data points are the sample means from Florida Aceituno.
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Bactericlogical Water Quality (From Domastic Containers)
in Guanagazapa and Florida Aceituno by Month of Study
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Water Consumption in Guanagazapa and Florida Aceituno
by Month of Study
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Mean Water Consumption pet Day
in Guanagazapa

HITCOI] FBBQUS!CYZ €GN PREQ PERCENT <UN PERCERT

. 4941 - ° »

S 32 32 0721 8.721
15 203 235 . 8.576 5.298
25 359 5%4 8.093 13.390
35 511 1105 11.519 Z28.910
45 882 1547 9.9%4 ‘34,874
5% 399 1956 £.995 33.868
65 386 23232 8.792 52.570
75 333 2665 7.507 60.0677
a5 250 2915 5.636 65.712
95 201 3116 4.531 70.243
105 192 3308 b.328 78.572
715 158 3466 3. 562 76.133

125 154 3620 3,672 81.605%
135 123 3743 2.713 88.378
145 75 3818 1.691 66.069
155 64 3882 1.043 87.511
165 56 3928 1.262 88.778
175 54 3992 1. 217 89,951
185 49 4041 1.105 91.096
95 38 4079 0.857 91.952
205 57 8436 8.073 100.000

Mean Water Consumption per Day
in Florida Aceituno

l,
uu‘con] FREQUENCY CUM FREQ PERCEET CUH PERCENT
o 2857 - - o

5 232 232 31.56% 31,565
15 238 466 31.937 63.4301
25 17 543 10.476 73.8786
k 11 17 580 5.038 78,912
45 27 607 3.673 82,585
5% 28 635 3.810 86.395
65 22 657 2.993 89.38¢
5 12 669 1.633 91.020
85 12 6a1 1,633 92.653
95 9 690 1.220 93.878
105 10 700 1. 361 95.238
15 12 712 1.633 96.871
125 3 715 0.408 97.279
135 2 77 0.272 97.551
1485 § 721 0.504y4 98.085
165 3 724 0.408 98.503
175 1 725 0.136 98.639
195 1 726 0. 136 98.776
205 9 735 - 1.22¢ 100.000

1. WATCON: Water consumption in liters/person/day.
2. Frequency: Number of Families.
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Descriptive Statistics for Household Water Uses

(Both Villages Combined-Form 37)

LABEL N HB&I"‘ STAKDARD EIRINUN #AXIBOE  SID EEHCR |
DEVIATIORN VALOE VALUE OF EERR H
“COMFUNITY 1D NUMBER ~ 2837 1. 72158 0.4483 $. 00039 %000 0.0066 17
_FAMILY IDEHTIPICATICN 2837 108.564 48 64.6703 2. 00000 352.000 1.21415%
YEAR OF DATA COLLECTION 2837 J4.779348 0. 8535 713.400G0 7640400 U.0%0uzt
¥CMTA CP DATA CCLLECTION 2837 6.0831% 3.4127 1.00000 12.000 9.064072
Tay OF CATR COLLECTION 1742 16.09G35 8.0976 1.G0500 31.000 . 106015
BLOCK NUXBER 2837 21.91435 10.2983 $.00060 £0.000 0. 193387
~HOUSE NUBEES ZC35 508521 3. 2650 Y. 00000 35,000 0.092%83
PERSONAL HYGIENE 3740 0.99138 0.0925 0.00G00 1.000 0.002217
FOCD DREPARATICH 1781 0.99.70 0.0472 6. 06000 3.000 0. D0 TIEE
UZENSIL CLSAMING 1740 0.96954 ¢.1719 0.00000 £.000 0.004 121
LAUBDKY 1740 G.574 16 0.6946 0.0000¢ 1. 600 0.
BEATHISEG _ 1741 0.50390 0.5051% 0.00600 1.000 9.071935
GIVEY 1C CidEE HOUSES 1760 0.37566 B.3608 3.50000 T. 500 9. 005 12
QT HEE 1749 0.41837 0. 4928 9.00009 1.069 0.011213
DAYS BETYEEN RBEADINGS 2801 24.50375 21.3944 1.03300 176.030 J.ultz4 Y
BUMBER GF INHABITAHTS 2837 7.71343 2.9 63€ 3.0000v 19.000 Q.074397
LIIRES PEE PEHSOH PER DAY 2837 85.93232 370-44908 7.00000C CLL . -
CCUSUBFTIGN IM LITRES DER CAY 930 122.98495 186.2036 3. 00000 1670. €00 6. 105ESE
“ETEX HEADIRG - 43. ° Y -

* percent of observations when water was used for these purposes {Minimum value-water never
used for this purpose, Maximum value-water always used for this purpose).
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Household Water Used for Bathing in Guanagazapa and
Florida Aceituno by Honth of Study
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Household Water Used for Washing Cooking and Eating Utensils
in Guanagazapa and Florida Aceituno by Month of Study
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Descriptive Statistics for Househoid Sanitation
(Both Villages Combined-Form 32) :

LABEL ). zeap® STANDARD FXNIEOA AAXIEUR STD ERBO
- BEVIATICH YALUE  VALG XK.
AzILY IDEmizICATi0S 20e = 177051& . 986, .
__COXMUFITY ID NUSDER 5350 1.5109482  0.39992654 1.0060000 2.000000  0.00680935
YzAX OF DATA COLLZCcTio8 5290  75.138 L TEEDS - 0oonee0 . /6. Y EX]
EQKTR OF CATA COLLECTION 5320 6.2202226 2.97550614 1.0600000 11.C00000 C.048052963
DAY OF OATR COLLIZCTION 5390 6. 64730598 71.0065703T Y. 000U = 000JT . ©
3LCCK MISELE €390 19.3315399  10.33330747 1.0006000 30.000C00  Q.14070525
EOUSE BUSBER 3 g5 17Ga5¢ - 10309 ~00ul0 . v - JbSJ4L
TAMILY PCSITICH OF LEFOBIANT 5377 3.1515715 7.94307209 1. 6000000 71.00006C0 0.10886795
SEX OF I4ICEMNANT 5376 1 8535807 0. 35368067 L.0C00000 —— £.CodCdT 0. COLo 31T
__1S_IBFCREMLT GFASING SPOIS 5354 €.5CH6£58 $.50002489 0.0000009 1.000660  0.0C6E33¢5
STATE OF 14tCRZi3T'S CLOIHRES 59366 0450808 0.%o0st izt 0.9000000T  2.00Geul u.00%D 1386
OJSEXTATICK ABCUT PABILY 2267 0.525C518 0.6C82.166 0.403C000 2.000000  0.00&35710
CISEFVATICK ALOUT LUOUSE 232 0.C725027 [\ IART Y] G- 0000000 T-0000u0 V. 07926038
K17CULh - SAKBAGE O FLCCR 51379 0.6024329 0.88958223 0.0005008 1.020039  0.00680109
TITCHES - FECLL BATL OB . .OOR 8130 0.a0 305§ 0- 45055050 6.0200006  1.00003C¢  O.0v6aial?
KITCHES - EAPRIES AGAINST ABINALS 5178 6.0832256 8.2¢561574 £.0000900 1.00006C _ 0.00235763
AUTAALS IB KIZChed 5159 0.5€01:99 §.095635839 T.0V0G000 — 1.u00000  0.00069 1658
CCCKED POCD IN XITCHEM < 2N 0.93726%6 0. 26252648 0.0000080 1.000000 0.01475673
COUK.D FOUD COVYERLD T %e68 0.59 211865 B G53653 54 TLO009000 . T-0LG000 0.0V 719377
FLILS CM PCCD 4678 0.359C529 0. 85260268 . 0000000 1. 000000 G.€0705903
PLATEZS PROZLCTED FHOZ ANIOALS 664 5.9565217  ©. 20408366 0.0000009 . [] M EREY]
BATER CCUTPINES CCYESEL 2957 0.6825759 0.78163757 0.0C0C030 2.060860 0.01235446
CLUPS STO0REYD KOLTH DOWd 242 0.£54G699 0. 33512048 5.000G300  1.0000e8  5.0210280Y7
ARIEAL CCSIUED €UZ-""S 228 0.0833333 $.27695351% 0.0800900 1.000CC3  2.0183443%
ABISALS 15 Y&RD 2 0.0733591 Q. £6122%18 [T » W08 Qevilu
GAPRAGE CUTSICE" £362 0.5561258 0.395686512 0. 0000000 1.000000 0.00L76567
GAFBAGLE BUYEMED 303 0.02302649 0. 35023831 0.00Ge060 . 1000000  G.00E8 1653
YARD SHEPT 5353 0.2537¢42 0.59730817 0.C0000u0 - 1.0C006C  0.606305.1
LATYIME CLEAM 1766 0. 5705467 0.49513685 . G.5000000 T.0000 .
YIZES 1T LATFIDE 95 D.7145833 0.32915096 - .6.0400300 1.0006C0 0.032627530
T"SCAP UCSERYED [} J. 680011 EONTTTY) $a 0001 SUsu0 = U30ua30
¥ANH EASLS BIFORE COQKISS 2 1. 60U OV0E 2.CCCUL000 1.0800000 1.C00000  0.00000000
CCA0KTICY CF WELL €5 1.3076523  0.9172892.. " C.G00030 .8 .
¥ILL G53CRET O3 GRODAD 61 0. 1107531 0.321370%2 6.0000000 1.090000 0.043164721
TXCHLBEET I8 CHLIDER®'S DIAPEBS 1730  3.L81818%  G.7§3s2ivl  1.0Q0U0 o -
__SUBYEY?% 10 BUBGER 5389 7.72703%0 6.21190721 0.00€0020 €8.000000_ _ 0.00800868

#percent of sctisfrctory cbservations (Minimum value-0% satisfactory,
Maximum value-100% satisfactory).
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Disease
Rate/1000

Infectious Disease Morbidity Rate Versus Total Foom Crowding Index

(Guanagazapa)

Mean and Standard Deviation
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Legend: A= 1 observation, B= 2 observations, etc.
Persons/room: rounded to nearest whole integer.
Infectious disease: otitis and conjunctivitis.

(1111



Infectious
Disease
Rate/1000

Infectious Disease Morbidity Rate Versus Bedroom Crowding lndex

(Guanagazapa)

Mean and Standard Deviation
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Legend: A= 1 observation, B= 2 observations, etc.

Persons/Badrocm: rounded to n2avest whole integer.
Infectious disease: otitis, conjunctivitis.
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Infectious Disease Morbidity Rate Versus Total Room Crowding Index
(Fiorida Aceituno)

Mean and Standard Deviation

;

[y S S (X

| L]

A &
d
=]

Persons/Room

Legend: A= 1 observation, B= 2 observations, etc.
Persons/room: rounded to nearest whole integer.
Infectious disease: otitis and conjunctivitis.
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Infectious Disease Morbidity Rate Versus Bedroom Crowding Index
(Florida Aceituno)

1

o Mean and Standard Deviation
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Legend: A= 1 observation, B= 2 observations, etc.
Persons/bedroom: rounded to nearest whole integer.
»~ Infectious Disease: Otitis and conjunctivitis.
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Skin Infection Morbidity Rate Versus Total Room Crowding Index

(Guanagazapa)
! Mean and Standard Deviation
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Legend: A= 1 observation, B= 2 gbservations, etc.

Persons/room: rounded to nearest whcle integer.
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Skin Infection Morbidity Rate Versus Bedroom Crowding Iadex

(cuanagazapa)

Mean and Standard Deviation
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Legend: A= 1 observation, B= 2 observations, etc.

Persons/Bedroom: rounded to nearest whole integer.
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skin Infection Morbidity Rate Versus Total Room Crowding Index
(Florida Aceituno)

:Qﬁi; Hean and Standard Deviation
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Legend: A= 1 cbservation, B= 2 cbservations, etc.

Perscrnis/room: rounded to nearest wheie integer.
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Skin Infection Morbidity Rate Versus Bedroom Crowding Index
(Florida Aceituno)
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28 - Mean and Standard Deviation
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Legend: A= 1 observation, B= 2 observations, etc.
Persons/bedroom: rounded to nearest whole integer.
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