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Strueture and Modsls of PROFILES 2.0: Overview

resoive those problems.

PROFILES 2.0 builds on an earlier version of the program, PROFILES 1, that Operates in DOS. The
operation of and models underlying PROFILES 1 are described in two ssparate documents {Abe!, 1992;
Burkhalter, 1993a) The development of PROFILES has been supportad by the Office of Nutrition, U.S. Agency
for International Development through its Nutrition Communicstion Project by the Academy for Educational
Davelopment and The Futures Group. Tha initial application of PROFILES was implemented in Bangladesh in
behalf of and supported by UNICEF. Although the structure and models in PROFILES 2.0 are general and can
be applied in any country or area, this document presents many of the default values used in Bangladesh in
order to illustrate wit a rezl application.

PROFILES 2.0 contains four types of information, as shown in Figure 1. (1) First is information sbout
nutritional programs (sometimes calied “interventions®) and combinations of programs (called “packages®). k
is called “program® information. (2) Second is “demographic® information, some of which is computed by a
population growth model contained in PROFILES 2.0 that estimates the population of a country or region by
age and gender for 30 yaars into the future. (3) Third is information sbout vanous nutritional conditions, most
frequently defined in terms of the prevalence of various nutritional indicators in different age and population
groups, and referred to as “prevalence® information. (4) Last is information about different consequences of
the nutritional conditions, and is referred to as “consequence® information. Thaese four types of information
are orgaruzed into two types of functions — nprevalence tunctions that use program and demographic
information to compute prevalence information, and Lonsequence fynctions that use prevalence and
demographic information to compute consequance information.

The concept of a scenario is central to PROFILES 2.0. A scenario is a particular set of program,
demographic, prevalence and Consequence data. It is also possible to have a scenario that ignores program
data and includes only demographic, prevalence and consequence data, but this requires that the user specify
the prevalence data rather than having PROFILES 2.0 compute it using the prevalence functions. PROFILES
2.0 can display information about a particular scenario, or it can Compare the differences between two {or
more) scenanos.

PROFILES 2.0 builds directly on the models used by PROFILES 1. PROFILES 1 includes the
demographic, prevalence and consequence components, but not the program component of PROFILES 2.0.
Both PROFILES 1 and 2.0 include the same six nutritional conditions, namely, (1) PEM in children under §
years, (2} maternal malnutrition and low birth weight, (3) breastfeading practices, (4) vitamin A status, (5)
iodine status, and (6) iron status. Each condition is defined by one or more indicators, and most of the
indicators have two or more severity levels.

In PROFILES 1, each indicator of a nutritional condition {and its associated prevalences) is related to
one or several consequences, such as listed in Figure 1. These relationships are calied ions.
In PROFILES 1 a separate consequence function is defined for each pair of indicators and conseguences \vhere
scientific evidence exists indicating a reasonable chance of & causal relationship between the two. In other
words, the consequence functions in PROFILES 1 contain one independent variable (an indicator of a

[ 1
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nutrinonal condition) and one dependent variable (3 consequence).
consequence function for each type of consequence;
into that one consaquence function. In other words,
several independent variablaes and one dependent varn
2.0 to show tha effects of several programs and gev
consequence. PROFILES 2.0 has added some conse

CONSEQUENCES
Prevaience of nutrition * Mortality (US)
combination of progreme conditions by severity level * Days sick (US)
= . Diarrhea
® Protein-energy malinutr. . ARl
® Coste . Underweight (UB) ® Fertlity
¢ Coverage « Btunted (2 yre) ® Intelligencs
¢ Effectivenses © Maternal meinutrition & © Biindness
Birth weight ¢ School periormance
¢ Broastfesding practice ® Health servioc costs
® Vitamin A ¢ 8chool costs
® lodine snd gohter © Worker productivity
® lron and sneml. ® Livestock productivity
* Discounted lost wages
DEMOGRAPHIC (GROWTH MODEL)

* Pogulstion by age and sex

® Fertility and Birthe
® Mortality and Desthe
® Migrstion

performance. See Annex A for more information.

PROFILES Y and 2.0 both include the population growth model.
prevalences into actual numbers of people. By knowing the size of the
can estimate the future effect of policy changes in terms of the number

Some consequence. For example, compare the future difference in number of child deaths under assumptions

In PROFILES 2.0, there is only one

all of the ditferent prevalence indicators are combined
the consequence functions in PROFILES 2.0 contain
ables. This avoids double counting and allows PROFILES
eral ditferent types of nutntional deficiencies on a single
Quences not available ‘. PROFILES 1, such as school

This allows PROFILES to translste
population in future years, PROFILES
of people wiat will continue to suffer

of high versus low prevalence of underweight chilcren. However, PROFILES 2.0 ditfers from PROFILES 7 in

that program etfects on mortality and fertility are ted back into the
and deaths modified accordingly. This is not the case in PROFILES

are displayed but not fed back into the population growth model.

PROFILES 2.0 includes sn option (not available in PROFILES 1) that
more nutrition programs. The definition requires specitying program costs

popuiation growth model and future births
1 where effects on mortality and fertility

sllows the usur to define one or
over time, program coverage over
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covered, and some information on how muitiple programs interact. The information describing the programs is
incorporated into Rrovalence functions that connect the costs, Coverage and effectiveness of the programs to
the prevalence variables. . K

The modeils in PROFILES 2.0 are substantially more complex than the models in PROFILES 1, and
therafore the organization of this document is more complex than the corresponding document for PROFILES 1
(Burkhalter, 1993a). Section B provides » description of the varisbles and notation used in this document. It
includes detailed descriptions of the Prevalence varisbles and subscript notation, and summary descriptions of
the notation used for other types of variables. It then moves to descriptions of the population growth mode!
lin section C), the programs and prevalence functions in which programs and program combinations are
defined (in section D), and tinally to the consequence functions {in saction E). The assumptions and scientific
evidence underlying the models are presented along with algebraic formulas that define the functions precisely.

PROFILES 2.0 runs on most WINDOWS based micro-computers. Operating instructions are available
in anather document (Abe! and Schoudt, 1993). More detailed descriptions of the modeis and some
alternatives proposed during the design process are available in a series of working notes (Burkhalter, 1993b).

B. Variables, Notation and Data Entry

B.1. Types of variables.

The variables used in PROFILES 2.0 can be grouped into seven types: demographic, program,
prevalence, consequence, relational, temporary ard subscripts. The demographic variables are used in the
population growth model; the program variables are used to describe the nutrition programs; the prevalence
variables to describe the prevalence of the ditferent indicators of nutritional conditions; the consequence
vanables describe the various Consequences; the relational variables include a host of other variables and
parameters found primarily in the consequence functions; the temporary variables are few in number and are
used in some of the derivations to simplify the explanation; and subscript variables (which sometimes take the
form of superscripts as well as subscripts) specify certain subcategories of key variables such as severity of 8
nutritional condition, age group, or year. Some variables fit in more than one category. For example, fertility
is both a demographic variable and 8 consequence variable.

Standard notation is used throughout the document to refer to these different types of indicators, as
described below. See the complete list of alphabetized variables at the back of this document.

B.2. Subscripts. The following subscript notation is used.

A = gage. ("A" is often used to refer to a particular population Qroup such as pregnant
women.)

A@ = primary population group of a particular program.

b =  disease type {b="d" for diarrhea, b= "r* for respiratory infection, b="n" for
malnutrition). This particular variable is used as a leading superscript. (Lower case
*b" is also used for the Coefficients in the formula that estimates cretin prevalence.)
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C = typeofcost (Ca"1"for startup, C="2" for annual maintenance per beneficiary,
C=°3" for expansion per new beneficiary).

funding source (F="1" for gov‘t/donor total, F="2° for gov't/donor sdditional,
F="3" for foreign currency, F="4° for commercial, F="5" for family cagh seif-pay,
F="8" for family in-kind. )

particular program.

particular program; used with °k® in program packages.

particular program; used with *j* in program packages.

location of residence (L ="r" for rural, L="y" for urban).

indicater of mutritional condition or deficiency (not always used as a subscript).
primary nutrition indicator for 8 particular program., :
sex (male or famale).

time (calendar year).

severity category (related to indicators of nutritional conditions; V="1" for the
healthy or sutficient condition and V="2°,°3°,... for deficient conditions).

-
"

<-lupprrx—=cw

Subscripts are aiways attached to another variable, most frequently the prevalence variables. Unlika the other
subscript variables, *b" is a leading superscript and is attached to prevalence variables in the morbidity
consequence function. *C*, "J® and *Q" are used as subscripts only in connection with certain program
variables, and *j* and "k* are used to denots the programs in a package. The remaining subscript variables are
frequently used as a group following the prevalence variables (*VALT") and are always written in the same
order: *V* first, "A° gecond, "L" third, and "T™ fourth. Not all subscripts are used with all variables.

The "T° subscrict hag slightly ditferent meanings depending on which variable it modifies. In the
program itself, the year always refers to a particular calendar yesr (such as 1995). In this document, *T* can
refer to a particular calondar year but frequently refers to the number of years since tho base yesr (wheare the
base year is "0°). For some variables, “T" represents their integration across a particular year. Examples
include program setup costs, births, desths and prevalence variables that are really incidences such ag low
birth weights or newborns initiating breastieeding. For other variables, “T* reflects an average value during
the year which is sometimes approximated by 8 mid-year value. Examples include ali true prevalence variables

and rates such as mortality and morbidity.

The subscripts V and A take on ditferent values in ditferent contexts. For example, in reference to
underweight children, V=2 means mildly underweight children (70-80% of the reference weight-for-age
median}, whereas in reference to stunting, V=2 means mildly stunted children (1-1.99 Z-scores balow the
reference height-tor-age median]. Age categories are defined ditferently in ditferent situations, so that in one
place A=1 may refer to children aged 0-6 months, and in another place A=~1 may refer to children aged 0-2
months. The definitions of the values of these subscripts is made clear in each case as it arises.

There are two special values that apply to subscripts. First is the base vear, which is siways denoted
by T=0. Second is when all of the subcategories are intended. This is denoted in one of two ways, Either
the value “all® is used, such as in V=all or A=3ll, or the subscript is left off entirely. Thus, when a subscript
is missing, it means the entire set of possibilities is included.
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B.3. Pravalence variables.

more severity leveis.) Most prevalence varisbles start with the letter "P* foliowed by one or more capital
letters denoting a nutritional condition and indicator. Four following subscripts are sttached to the prevalence
variables, denoting severity level, age or population group, location of residence, and time. (As noted above,
the letters V, A, L and T are used in that order to refer to these subscripts.) The lower case letter "b" is
sometimes used as a leading superscript to denote a particular diseass in the morbidity conssquence function.
A few “prevalence” varigbles are not really prevalences, but rather are frequencies or incidences, as described

in the specific definitions balow.

B.3.1. Provajence of PEM.

Protein-ensrgy malinutrition (PEM) in children is commonly measured with indicators of physical
growth. Numerous such indicators of PEM and its severity are in common use. PROFILES 2.0 uses two
indicators of PEM: weight-for-age ("underweight”) and height-for-age (*stunting”). Both indicators use four
severity categories (normal, mild, moderate and severe), although the category boundaries are different for
underweight than for stunting. In addition to these two anthropometric measurements, PROFILES 2.0 includes
a variable that denotes the proportion of children receiving PEM programs who also receive tutoring and
stimulation programs. This varisble is used to estimate intellectual development, and is treated in the model as
if it were a prevalence variable, even though it is not.

- i indi . Weight-for-age is used as an indicator of PEM in children
under five years of age by PROFILES 2.0. The following notation is used to denote the prevalence of normal,
mild, moderate, and savere underwaeight.

PUy..1 = Prevalence of children in 2ge group A" and location *L* who are in underweight severity
category *V* at time "T". ‘

Where: V = 1 for normal wt/age children (80% + of reference median), V = 2 for mild PEM wt/age child
(70-80% of reference median}, V = 3 for moderate PEM wt/age child (60-70% of reference median), V = 4
for severe PEM wt/age child (below 60% of reference median).

ight-1gr- i indi . Height-for-age is used as an indicator of PEM in children at their
second birthday, and during their pnimary school years (age 6-10) in PROFILES 2.0. In practice height-for-age
at the second birthday is usually estimated by taking the average during the third year of life. The notation
used 10 denote the prevalence of normal, mitd, moderate, and severe stunting paraliels that used for
underwveight prevalence, as defined below.

PSy..1 = Prevalence of children at age “A” in location °L" who are in stunting severity catedory
"V*® at time "T".

Where: V = 1 for normal ht/age children (not less than 1 Z-score below reference median), V = 2 for mild
PEM ht/age child (1-1.99 Z-scores from reference median), V = 3 for moderate PEM ht/age child (2-2.99 2-
scores from reference median), V = 4 for severe PEM ht/age child (3 or more 2-scores from reference .
median).
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PQ,, .ProporﬁonofparﬁdmuhaPEMpmommﬁutmhaoeomm "A® who are also in an
inteliectual stimulation or tutoring program in time *T."

B.3.2. Emmnﬁut.lmm.mm -

NMwmmumwmmmmmmmumdm pregnancy, as well as an
important consideration in its own right. A low birth weight is defined as a live birth of less than 2500 grams.
Low birth weight is one of the few indicators in PROFILES 2.0 that is an incidence rather than a prevalence.
The notation used to denote the frequency of normal and low birth weights is defined below.

PWy.r = Frequency of live births in location °L® falling into severity category "V* at time T.”

Where: V = 1 for birth weights of 2500 or more grams (normal). V = 2 for birth weights below 2500
grams (low).

B.3.3. Breastieeding Prevajence.

infant teeding, including breastfeeding, is a8 complex phenomena with many dimensions. PROFILES
2.0 follows WHO guidelines in establishing categories of feeding behavior by age. PROFILES 2.0 uses thres
indicators of infant feeding ~ the WHO definitions of breastfeeding behaviors by age (full, partial, none),
whether or not breastfeeding was initiated, and the average duration of breastieading.

i i . PROFILES 2.0 uses thvee modes of feeding behavior (full, partial and
no breastfeeding), four age groups (0-5, 6-1 1, 12-23, and 24-35 months), plus urban and rural. The
prevalence of sach feeding mode by age group and residence (urban or rural) is denuted by the variable

PFVA.L! .

PFy..y = Prevalence’ of feeding mode *V* in age group “A* residing in region "L" at time T

Where: V = Feeding mode (1 = full breastieeding, 2 = partial breastfeeding, 3 = no breastfeeding). A =
Age group (1 = 0-5 mths, 2 = 6-11 mths, 3 = 12-23 mths, 4 = 24-35 mths). L = Residence (u = urban, r
= rural),

Unlike other nutrition indicators where the sufficient and deficient categories are clear and unchanging
with age, the recommended mode of faeding changes with age; full breastieeding is the recommended {i.e.,
*sufficient *) mode during 0-5 months of age, whereas partial breastfeeding is recommended thereatter,
Typically, rates of monality and morbidity are lowest in fully breastied infants during O-5 months, but lowest
in partially breastfed children in older age groups. (For this reason, tho relative mortality and morbidity
variables for breastieeding used by PROFILES 2.0, which have martality and morbidity of fully breastfed
children as the denominator, are often less than one for partially breastfed children over 6 months.)

10
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Initiation of braastfesding, initiation of breastfeeding bmwdem.dmudbymvaﬁabhl’aym.

PBy.y = Proportion of newboms residing In location 'l.'ﬂmwﬂatc(mnv-ﬂordomtidtiate
{when V=2) breastfeeding in time °T.* A N

Amnmmmm. The average duration of any breastfeeding in months is denoted

by the variable PD, ,.

PD,y = Average duration in months of any breastfeeding among children residing in location *L" at
time °T.* -

B.3.4. Prevalence of vitamin A deficiency.

PROFILES 2.0 defines five levels of vitamin A status, listed here in order of increasing “severity®: (1)
no vitamin A deficiency; serum retinol 20 micrograms per deciliter or more and no evidence of nightblindness
or Bitot’s spots, (2) serum retinol below 20 micrograms per deciliter, {3) serum retinol below 10 micrograms
per deciliter, (4) nightblind, and (5) presence of Bitot's spots. The four deficiency levels are not mutually
exclusive, nor necessarily cumulative. The prevalence of the five vitamin A severity categories is denoted by
the variable PA, , , ;, as shown below,

PAy..Lr = Prevalence of vitamin A severity level *V* in age group “A* residing in location *L® gt time
*T." Definitions of V are given in Table B-1.

In most countries, systematic data is not available to estimate default values for all five PA variables.
In heu of better information, the model assumes that the ratios among the PA four vitamin A deficient
variables equals the ratios among the minimum prevalences at which vitamin A deficiency is considered a
public health problem (West and Sommer, 198402, '

TABLE B-1: Sovarty Lavels and Defauk Vekses for Viamin A Deflolency

Minimum

Prevalence WHO Definltion Prev. for
Variable Class Public Health

(6-89 mths)

PA, No evidence of deficiency

PA, Serum Retinol < 20 ug/dl

PA, Serum Retinol < 10 microgr/di
PA, Nightblind

PA, Bitot’s spots

17
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Goitet prevalence. Goiter pravalence is denoted byﬂuvumblomwg.wmfmtoﬂumvahmof
any goiter, visible or paipable. Although the variable applies to the total population (no A subscript), the
modeis in PROFILES 2.0 are only concerned with iodine deficiency in pregnant women and newborng, which is
assumed to be equal to iodine deficiency in the 1otal populstion.

PGy.r = Prevalence of no goiter (when V1) or goiter {when V=2) in the population residing in
location "L"® at time °T."
Cretin prevalence. Thepmvaleneaofaaﬁnslnmpopuhﬁonbdumw by the variable PCy. The
prevaience of cretins is more difficuit to measure than goiter prevalence, and is generslly not available for

developing countries. PROFILES 2.0 estimates cratin prevalence from goiter prevalences in previous years.
The prevalence of non-cretins is not used and therefors V is omitted.

PCLr = Prevalence of cretins residing in location "L® at time *T.*

The prevalence of iodine deficiency in livestock is
denoted by the variable FiLyy. .

PiL,, = Prevalence of iodine sutficient (V= 1) and iodine deficient {V=2) livestock at time "T.*

Prevalence of iron deficioncy in
chiliwen under 5 years

2 PRy 1 Prevalence of ron deficiency in school 12
children

Prevalence of iron dsficlency in non-
pregnant women aged 15-40 years

4 PRy v Prevalence of iron deficiency in 11
pregnant women

Prevslence of iron deficiency in men 13
aged 16-49 yeare

Source: Minimum scceptable Mob lavels for PIR, through PIR, obtained, respectively,
from tables 8.3, 8.4, 8.8, 8.8 and 8.8 in Ahmad snd Hesssn, 1982,

12
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.

B.3.6. Pravalence of iron deficienc,

Blood hemoglobin concentration {Hgb) is one indicator of iron status. In PROFILES 2.0, the severity
loveloflrondeﬁdmcyhbuwonunamounofhemoglomnhmuood. mmirimunaccapublevaluefor
Hgb varies by age and gender, as specified in Table B-2. The prevalence of iron is dencted by the varisble

PR,y .

PRy AT " = Prevalence of iron sutficiency (V= 1) or iron deficiency (V=2) as measured by
Hgd in population group *A° residing in location "L® st time "T.*

8.4. Belationa) variables.

Nearly all relational varigbles start with the letter "K° and are followed by a number from 1 to 116.
(ln addition, there are five relational variables {K201-K205) used in models in this paper and anticipated for
inclusion in PROFILES 2.1 but not included in PROFILES 2.0.) The relational variables are arranged in eight
Qroups: one group for aach of the six conditions plus “crossover and interactions® and "global." These sight
groups follow the arrangement in the PROFILES 2.0 computer program. The variables in the gix “condition”
Qroups are used uniquely in ralation to thoss conditions. The “crossover and othars® proup includes variables

interventions. The *global® group includes miscellaneous relational variables, many of which can change over
time. Although the default values for the plobal relational variables are usually constant, PROFILES 2.0 allows
the user to establish different values over time for many of the olobal relationa! variables.

See the list of variables at the back of this report for a definition of all relational variables, and default
values used in Bangladesh. 4

B.4.1. Relative rate variables.

Relative rate variables are a special type of relational variable used to estimate mortality and
morbidity. They are defined with respect to & particular severity lavel and indicator The relative rate variable
for mortality {*relative rick of death®) expresses the ratio between the mortality rate in a deficient severity
level to the mortality rate in the healthy severity level for some particular indicator. For example, the ralative
risk of reonatal daath associated with low birth weight is the naonatal mortality rate of low birth weight
newborns divided by the neonatal monrtality rate of normal birth weight newborns. Similarly, the relative rate
vanable for morbidity (“relative morbidity®) expresses the ratio between the morbidity rate in a deficient
seventy level to the murbidity rate in the heaithy severity level for & particular indicator.

PROFILES 2.0 assumas that relative rate variables are constant over time and, in most instances,
across countries. Relative rate vanables are used to estimate mortality and morbidity rates by severity level in
a country. in addition to relative rate variadles, the estimation procedure also uses data from the base year,
including the prevalences by severity level, the overall mortality or morbidity, and the population. Basically, it
is a process of allocating the overall base year montzlity or morbidity to the various severity levels, weighted
according to their prevalence and relative rates.?

BEST AVAILABLE DOCUMENT
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B.6. Generalizing values across countries and time.

Thovalua:ofuomevariablekvarybycomtryandyur:oﬂwvuhbluvarvbycomtrybutan
assumed to be constant through ﬂmc;wlilo’ottnnamumedtobeeonmmfoullwmtﬁumdym
Variables that vary through time are subscripted with “T.* Varhbluﬂutmmmdmboeonmm. either
across countries or through time, are assignad a default valus by PROFILES thut the user can modify. The
assigned default valus is usually basad on ressarch results reported in the kiterature. in many cases, the
“constant® variables and their assigned defauit valuss reflect a biological phenomena that is thought to be
relatively invariant across geography, cultures and time.

All of the prevalence variables are sssumed 1o vary across countries and thwough time. Similarty,
most of the demographic variables are assumed to vary across countries and time. (The male-to-female bi:th
ratio is an exception. It is assumed to be constant over time for s given country, and sithough it is allowed to
vary from one country to another, the olobal average of 1.05 is an adequate defauit figure for many countries.)

Many of the relationa! variables are based on ressarch which suggests that they are approximately
true for 8ll countries and in all years, or at lsast in a wide range of conditions. The relative rate variablos (see
section B.4.1) are such variables. They are combined with base year dsta from a country to obtain severity-
specific mortality (or morbidity) rates for the country. The severity-specific rates are assumed to vary by
Country but not by year, and thus, once estimated for 8 country, can be used to calculate overall mortality (or
morbidity) in subsequent years. Note that overall montality (or morbidity) does vary by year, based on the
fluctuations in the prevalences of the severity levels. '

B.7. Data inpist.

During the application of PROFILES 2.0, it is convenient to think of data input as occurring at two
distinct times ~ (1) country $2tup and (2) program description. (in tact, the pragram is organized somewhat
differently, as explaised in tha Operstions Manual (Abel and Schoudt, 1993).) However, this simplified view
aliows us to group the information about the variables and their relationships into four categories, as noted
below.

1. Invariant relationships that cannot be modified.
2. Country data entered during country setup.

3. Program data entered during program description.
4. Results computed by PROFILES 2.0.

The variables falling in each category are summarized in Table B-3. Note that the prevalence variables in
future years can be computed from the prevalence functions, or in the case that no programs are defined, can
be enterad directly in order to see the eftects of ditferent nutritional conditions on the consequence variables,
Annex B contains a program description data entry form.

4



Demographic:
Base yeer population by ege & sex in § year age intervals.
Totsl fortility reto esch year for 30 years.
Life i'wocuncy.tbhhuohmlumym.

Bsse ysar prevalences, by sevaerity level.

Relationa! variablos in consequence functions.
(Many rolational variables hove globel default vaiues that can be used,
especiclly relstive rate veriabies.)

Base year mortality end ceuse-spacific morbidity.

Program Each program:
Description Duration of program in yeara.
Coverage by year.
Effectivaness in primary group snd indicator by year,
Maximum impact by group and nutritional indicator.
Coets by type:
Setup, trenshtion, maintsnance,
Sourcs (gov’t, family, etc)
Combinations of programs (scenarios):
Relations! varisbles in prevelence functions.

Computed Future prevalences of nutritional indicators.
(These can also be entered diractly in order to ses effect on consequances
withou? programs.)

Conseguonce varisbies in future years.

C. Population Estimates

PROFILES 2.0 rests on a population projection model that uses a single year, single age survival
approach to estimate future values of the derographic variables. Historical data about a country’s population
are used to estimate the currant {hase year) population by age and sex. Future estimates of life expectancy,
tertility, migration and urban-to-rural ratio are exogenously specitied, and used to project future population by
sex and age at one-year intervals over the projection period. Individuals over 80 are placed in a single group
(8O +). Frequently the historical data come trom UN population projections (UN, 1991).

Jotal popylation. In brief, the total population in a year equals the total population in the previous
year plus births minus deaths that occur duning the previous year. The net number of migrants moving into or
out of the country during the previous yaar are then added to, or subtracted from, the resuit.

Aqge-specific popylation. The population of any age over one equals the population of that age in the
previous year minus deaths that occur during the previous year, The net number of migrants of that age are

[ ]
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corresponding urban populstion in any year. The rural population is the residual. The second method treats
the urban and rural aress as two totally separate populations, with separate fertility and mortality rates.
Migration includes nat rura-to-urbsn migration as well as net migration in and out of the country to each area.

Acquired data. PROFILES 2.0 requires the user to input information on the base year population, the
urban/rural split, the fertility pattems, and the mortality pattemns for a country. The base year population must
be specified by gender and five year catsgories (04, 5-9....80 +). Estimates of the fraction of the population
that is urban must bs entered for all future years starting with tha base year.

Births are calculated using total fertility rate (TFR) and age-specific fertility rates (ASFR). The TFR
must be directly entered into PROFILES 2.0 for the base year and each year of the projection period {usually
30 years). The ASFRs (the proportion of TFR that occurs at each 5 year age intarval) can be obtained in one
of two ways: (1) directly enter estimates of the ASFRs for each 5-yesr grow of women of reproductive age
for ditferent TFRs, or (2) enter an appropriate age-specific mode! fertility table for the country. In the sscond
alternative, PROFILES 2.0 contains three standard model fertility tables — UN Sub-Sahara, UN Arab, and UN
Asia.’ In both altsmatives, the user must enter an estimate of the male/female birth ratio (SR for sex ratio)
for the country. Thig ratio is assumed to be constant over time and its usual default value is 1.05 (used in the

Bangladesh application).

Deaths are caiculsted using the sex-specific life expectancy at birth (LE) and age-specific survival
rates (ASSR). The LE is entered directly into PROFILES 2.0 for the bage year and each year of the popuiation
projection. The ASSRs (the probability that a person of age "n® will live to be *n+ 1°) are derived from mode!
life tables available in PROFILES 2.0. There are currently nine standard model life tables available - UN Chile,
UN Latin Amenca, UN East Asia, UN South Asia, UN General, Coale-Demeny West, Coaie-Demeny East, Coale-
Demeny North and Coale-Demeny South. One of these nine must be selected. (See endnote 4.)

Emﬂm_mnmﬂnnmm Population and mortality during the first year of life is further

allocated by month 80 that estimates can be made for neonates, for infants under gix months of age, and for
infants aged 6-11 months. Monthly survival rates have been calculated for each of the nine model life tables,
and are used to esiimate the number of infants that survive from month to month. The calculation procedure
for estimating monthly survival rates is described in a separate document (Dworak, 1993).

. In PROFILES 2.0, both the fertility and
mortality rates are influenced by nutrition programs and changes in nutrition prevalences over time. Thus, in
any given future year, the total fertility rate equals the TFR originally estimated for that year adjusted )
according to the results of the fertility consequence function for that year. Similarly, the age and gender
specific mortality rates originally estimated for a given year (by combining the estimated life expectancy for
the year with the chosen model life table) sre adjusted according to the results o7 tha mortality functions for
various age groups in that yosr.
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The trends in fertility and momﬁtybdnhtomostpoptnﬁonmddclﬂwd\uthoUNpmkctiom) are
usually downward for both fertility and mortality, and may already incorporate assumptions that nutritional
deficiencies will decreass. (Those assumptions are generally not made explicit in the population models
becauss the downward trends are ususlly based on extrapolstion of historical data rather than on explicit
events.) To the extent these assumptions are true, PROFILES 2.0 double-Counts the decreases and thus
underestimates the true mortality and fertility. However nutritiona! improvements are only one of many
factors influencing the historical rends, thus lessening their relative importance in the trends.

jons. The key equations used by the model are pressnted below to give

precise definition to the above statements-and to clarify the meaning of the variables that are used in
subsequent sections. Note that special equations are required for the infants and the 80+ year olds,

EorA = Q:
IC'1' ‘ POPo_u = 8[ - Du' + MlGuy .

For A = 1 thry 79:

iC-2) POP, 41 = POPrygrs - Daggrs + MiGay gy .

|4 = + 0

IC-3) POPy, 51 = POPrgri - Dpygry + MiGpyg 1.y
+ POPg.sr1  Dage gy + MiGe, 57,1 -

Where:

IC-4] DA,S.! = POP“, * Mnu' .

C5 B, = SUM of (FR,; * POP, .;), for A = 15, ..., 49.
(C-6l B, = B !(1+SR).

Ang: A = Subscript denoting age group (0....,79,80+). B, = Number of births during year T. Bt =
Number of temale births during year T. D, &1 = Deaths in a cohort of sex *S" of age "A" years during year
T. FR,; = Fertility rate of women in age group "A* during in year T after adjusting for nutrition effects.
MIG,s: = Number of surviving net migrants of sex *S* entering age group "A" during year T. MR, sy =
Mortality rate atter adjusting for nutrition effects for cohort of sex "S* of age "A" years during year T.
POP,s¢ = Population in age group “A°® of sex *S* during vear T. SR = Ratio of male to female births.

r . The value of all of the demographic values in urban and rural areas can
be obtained using the UR; variable. For example, the value for the urban population of sex *S" and age "A" in
year T is given in equation {C-8], and the Corresponding rural population is given in equation {C-9).

{C-8] POP, su.1 = UR, * POP,;,.

17
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1c-9) POP, onr = (1-URy) * POPpgy.

Whers: POP, o,y = Popdaﬂoncflooomp'A'cfm'S'uddhohlocaﬁon'L'lnyurT. UR;, =
Proporﬁonofwulpomhﬁonﬂmlivuhmnmhmt

D. Programs and Prevalence Functions

PROFILES 2.0 sllows users to dafine one or several nutritional programs which influence the future
values of the nutritional prevalence indicators. The relationships linking the program variabies {coverage,

can be grouped in three categories — variables that enable PROFILES to compute the effect of the program(s)
on the prevalencs indicators, variables that describe the costs of the program, and variabies that enable
PROFILES to sort out interactive effects of two or more programs opersting simultaneously.

D.1. Effective coverags.

PROFILES 2.0 uses two factors to estimate the impact of a program on the prevalence variabies. First
is the coverage of the program, and second is the effect of the program on those covered. Combined, they
produce effective coverage. Both the Coverage and effect can vary among programs and, within a given
program, over time. Thus, PROFILES 2.0 recognizes that some programs may achieve wide coverage but
relatively low impact on those covered, whereas other programs may not reach that many people but have a
high impact on those they do. 1t also allows programs to leam in the sense that they can increase their

effectiveness over time.

However, the calculation of effective coverage is complicated by the fact that many programs impact
severa! nutritional indicators and several population groups, but the size of the effect is not the same in the
different indicators and population groups. In order to calculate the impact of the program on all nutrition
indicators and population groups, PROFILES 2.0 uses the following definitions.

(1) Brimary groyp. A "primary*® population group is specified for each program at the
tme the program is described to PROFILES. *A®" refers to the primary group.

(2) Primary indicator. A “primary® nutrition indicator is specified for each program at the
time the program is described to PROFILES. “Q@" refers to the primary indicator,

(3) Loverags. Coverage - denoted by COV,; ~ is defined with respect to the primary
@roup of 8 particular program (J). 1t is the fraction of the primary Qroup covered by the program in a
given year (T).

COV,;y = Coverage of program J in its primary population group in year T, where coverage
is the fraction of the total primary group reached by program,
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Coverage is specified forudwurmumobauywatunﬁmeﬂnproonm is describad to
PROFILES. Typically Coverage ig zero in the base year and grows gradually thvough the program
lifetime to some maximum value,

{4) Maximum impact. Maximum impact — denoted by MIMP, o, ~ is defined with respect to
8 particular program, and within that program with respect to every population Group and every
nutritional indicator. Howaver, it applies only to severity levels reflecting a deficient status. it is the
maximum reduction that the program will ever have on the prevalence in the deficient severity
category of an indicator of nutritional condition. Maximum impact does not change over time.
MBMP, ;. = Maximum impact that program J will ever have on reducing the
deficiency prevalence of indicator Q in population group A (a number from 0
to 1 representing the proportional reduction in the base year prevalance).

The definition of MIMP, , is clear for indicators with only two severity levels — sufficient and
deficient, such as the birth weight indicator. However, the definition given above is unclear when
indicators have more than two severity levels, such g3 stunting with its four severity levels {normal,
mild, moderate and severs). One way of dealing with this is to assume that all of the reduction
occurs in one of the deficient severity levels (such as savers stunting) and the other deficient saverity
levels (mild, moderate} remain the same and the sufficient level (normal) picks up the slack. Another
alternative is to assume that the reduction in prevalence occurs proportionally across all the deficient
levels, based on the base year prevalences, and the slack is picked up by the sufficient level.
PROFILES 2.0 assumes the later alternative — proportional distribution of prevalence reductions among
all the deficient severity iavels — as a default unless specitied otherwise.

Although the maximum impact of the program in the primary group and primary indicator is
usually greater than the maximum impact associated with other Qroups and indicators, there are

targeted by the program. There are spill-over effects in which siblings, neighbors or others may
benefit from programs aimed at other children. In addition, many programs include several target
groups and indicators other than the primary ones.

Note that ratios can be furmed between the maximum impact in the primary group and
indicator and all the other maximum impacts. These ratios remain constant over time, so that if the
impact of the program on the primary group and indicator is known in some year, the impact of the
program on all other groups and indicators can be calculated for that year.

Maximum impact is specified for every group and indicator at the time the program is
described. (See section 4 in Annex A.)

(5) mmmn The “correctable deficiency® is the ditference between the base
year prevalence in the deficient Category and the residual prevalence if maximum impact is achieved.
Specifically, the correctable deficiency associated with a particular indicator and group equals
(Po* MIMP), where Po is the base year prevalence and MIMP is the maximum impact for that indicator
and group.
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EFF,y = Effectiveness of program J in reducing the correctable deficiency of its primary
nutritional indicator in the primary population group in year T, where effectiveness is
8 number betwoeg O and 1 representing the fractional reduction in cofrectable

deficiency. -

Eﬂocﬁvmhtpodfndforuchywamrhbmvwnﬂuﬁmeﬂwmnmhduaibodm
" PROFILES. Typically effectivenass is zero in the base year and grows through the program lifetime,

possibly to 100%.

The impact of a program on prevalence is siways calculated for the deficient severity level(s) of a
particular indicator and population group. The reduction in the base year prevalence of indicator Q in group A
caused by program J in year T equals the pravalenca in the base year times the coverage in year T (COV,,)
times the effectiveness in year T (EFF,;) and times the rnaximum impact on the indicator (MIMP,,,). The
prevaience function which computes the prevalences in futurs years from program characteristics (coverage,
effectiveness, muximum impact) equals the base yesr prevalence minus the reduction caused by the program.

The prevalence after program impact in year T on indicators with only one deficiency severity
category is given in equation [D-1).

ID"] PQ.VAJ = PQ.VM b PQ.VM.COVJJ.EFJJ.M|MPW

Where: Povar = Prevaience of nutritional indicator Q, severity level V (where V=2, a deficient severity
category) in population group A in year T (T=0 in base vear).. COV,; = Coverage of program J in year T.
EFF,, = Etfectiveness of program J in vear T. MIMP,,, = Maximum impact of program J on indicator Q
and group A (always defined with respect to a deficient severity category).

To calculate the prevalence of indicators with multiple deficient severity categories (such as stunting)
and assuming proportional impact on all the deficient categories, use equation D-1 to calculate the impact on
the sum of the prevalences in all the deficient categones, and then allocate the resulting reduction among the
several deficient severity categories according to their base year prevalences. The prevalence of the sufficient
(heaithy) severity category is always calculsted as the residual by subtracting the deficient prevalences from
one.

D.2. Program costs.

PROFILES 2.0 organizes program costs along two separate dimensions. On2 dimension includes
setup-maintenance-expansion costs and the second dimension portrays the source of the funds (donor,
government, family, commercial).

20
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mmmmmmmmm,mm.wmm). each of which
hrﬂatedtnadﬂimmumctofunprognm. AlltfweeantpedﬁedtoPROFlLEsnuntimeﬁ\eproonmis

described,

‘1) Setm costs refer to fixed costs which do not depend on the number of persons covered
by the program. Scupeommbetpodfkdmayw-by-ywbaﬁs,lndﬁnrdonthesetupcost
variable (C1,) is subscripted with °T.*

(2) Maintenance costs refer to the costs required to maintain the Coverage of the program
toroneyurtoomboneﬁchry once it has been established and are denoted by C2. These costs are
sometimes referred to as annus! recurring costs. Bascause maintsnance costs sre defined “per
beneficiary covered,” the total maintenance cost of the program in a year equals the maintenance
cost (C2) times the number of beneficiaries covered by the program in that year (POP,q ;*COV,).
PROFILES 2.0 aliows the user to specify maintenance cost per benaficiary as a function of the
coverage. Thus it is possible to reflect situstions with increasing margina! maintenance costs, such as
might be found in locations where houssholds are the most expensive to serve and the last to be
reached, or to reilect situations with decreasing marginal costs whare economies of scale exist.

(3) Expansion costs refer to the cost of expanding the coverage of the program to one
additional beneficiary and are denoted by C3. The total expansion costs of the program in any given
year equal the numbter of newly coversd beneficiaries in that year (POP,g,;*(COV,-COV,,,)) times the
expansion cost per new beneficiary {C3). As with maintenance costs, PROFILES 2.0 allows the user
to specity expansion cost per new beneficiary as a function of coverage.

The fotal costs in any year equais the sum of the setup costs, maintenance costs and expansion costs
in that year, as given in equation D-2. Note that if coverage shrinks rather than expands, C3 goes to zero, In
some programs, efficiant screening may allow the segment of the population that was healthy (in the
sutficient severity category) in the base year to be excluded from the primary target population group.

[D-2) Co,, = C1,, + C2 J*POP,g *COV,, + C3,+POP,g,*(COV 1COV, 44)
Where: CO,; = Total costs of program Jin year T. C1,, = Setup cost of program Jinyear T, C2, =
Annual maintenance cost per beneficiary covered, program J. C3, = Expansion cost per new beneficiary

added to program J (equals zero if program shrinks in year T), COV,; = Coverage of program J in year T,
A@ = The primary population group.

The total cumylative costs of a program from its start through any year T (CC,,) is the sum of the
total costs in all the individual years up through year T, as given in equation D-3,

ID-3] cc.'.f - COJJ*COJ"‘.'u.‘.'COJJ

Where: CC,; = Cumulative costs of program J through year T. €CO,, = Total cost of program J in 'year X,
as calculated in equation [D-2).

PROFILES 2.0 does not require that all three types of costs be used. For example, an annual program
budget could be defined using a setup cost in each year that is independent of the program coverage by

setting C2 and C3 equal to zero. Another simple approach is to estimate an annual average cost per
beneficiary (C2), set C1 and C3 equal to zero, and calculate the total cost in any year from the number of

21
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people coversd in that ysar. Havhothﬁmtypuofeommihbbdlpwcmmoubndnmmof
additional information about program costs when it is available.

mma«mmmm eommdbyPROFlLEsz.Ohd\awuuof_ﬂvefmdsﬁm
pay the costs. The six types of sources svailable are: (1) govemment\donor total, (2) government\donor
“sdditional,” (3) foreign (hard) currency, (4) commercial, (B) family cash seif-pay, (6) tamily inkind. Note that
government\dcnor “additional,” which refers to expenditures that would not have besn made if the program
did not exist, is a subset of total govarnment\donor expenditures. Foreign (hard) curency is also a subset of
other categories, usually of govemment\donor additional. .

lnfomtiononsomoffmdscanbespedfhdmuchtvmofeonm, maintsnance or
expansion) by year at the time the program is described to PROFILES. Thus, defing six varisbles (called
SOURCE,,...SOURCE,) thst reflect the proportion of total costs, by type, that are covered by the six sources
of funds in a given yaar.

SOURCE, sy = Proportion of all costs of type C in program J that are paid by funding source F in
year T,

Where: F = Source of funds (1 = government/donor total, 2 = government/donor additional, 3 =
foreign (hard) currency, 4 = commercial, § = family cash self-pay, snd 6 = family inkind). C = Type
of cost (1 = getup costs, 2 = maintenance costs, and 3 = expansion costs).

For a given program, year and type of cost (setup, maintenance or expansion), the six SOURCE
* variables must always sum to one, that is, for all vaiues of JC.and T,

SOURCE“L' +on SOURCE_,."J -1,

To calculate the amount of funds from 8 particular source, it is hecessary to multiply the appropriate SOURCE
variable by the costs in that year because the SOURCE variables are Proportions, that is, for all F, J and T,

SOURCE,;,°C1; = Setup costs in program J in year T from source F.
SOURCE,_,,,,'CZ'POP‘.J'COV‘ - Maintenance costs in program J in year T from source F.

SOURCE, 251 °C3°POP,g :*(COV, - COV,,) = Expansion costs in program J in vear T from
source F.

D.3. Multiple programs.

summed in packages. Thus there is no interactive effect with respect to costs. However, this is not the case
with either coverage or affectivenass. Interaction is permitted with respact to both coverage and
oftectiveness. For example, to what extent do two ditferent programs cover the same persons? When two
programs do reach the same individual, how do tha separate effects of the two programs combine togsther to
reduce the: prevalences of different nutritional deficiencies? PROFILES 2.0 parmits users to define these
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interactions for combinations of two programs, but for combinations of thrse or more programs it uses built-in
default assumptions.

First, some dafinitions. With respect t goverags, two programs are said to “gveriag® if they cover
(that is, reach or provide service to) the same individuals. Two programs are said to “totally overiap® i all the

programs, some by one only and some by the other only. Define a variabls {ey) that captures the degree 10
which the coverage of two programs (j and k) overlap. Specifically, &, is defined as:

&, = the proportion of the coverage of the smaller-coverage program that is not also covered by
the larger-coverage program.

Thus, e, = O for totally overiapping programs, and e, = 1.0 for hon-overiapping programs. *Coveraga
combination® refers to all individuals covered by a particular combination of programs. When a package of
two programs (say programs *|° and k") is partially overiapping, there are four coverage combinations -
covered by both, covered by program *i” only, covered by program "k* only, and covered by neither. The
coverages in these four coverage combinations are ¢ snoted by COV,,, COV,, COV,,, and COVq, respectively,

but COV,, aiways is zero.

With respect to effectiveness, two programs (say programs *J® and "k®) are ssid to have an “additive
effect” if the effectiveness values of the two programs add together for double-covered individuals, in other

words, EFF, = EFF,+EFF,. Two programs are said to have a “nen-additive effect® when the effectiveness
value of double-covered individuals equals the largest of the two individual program etfectiveness values. in
other words, EFF, = MAX(EFF, , EFF,}, where MAX(x,,x,,...x,) equals the largest value among x, through x,.
Define a variable {fa) that captures the degree to which the effectiveness of two programs (j and k) both
Impact on an individual covered by both programs. Specifically, 1, is defined as:

fu = a2 number that is multiplied by the sum of EFF, and EFF, to give the effectiveness of the
overlapping portion of programs *i® and °k",

Thus, the etfectiveness of the overlapping portion is 1, (EFF, + EFF,). When f5=1.0 the effect is additive, and
when 1, > 1.0 the effect is Qreater than additive. Similar to Coverage, the effectiveness in the four different
Coverage combinations in a two-program package are denoted by EFF,, EFF,,, EFF,, and EFF .

PROFILES 2.0 gives the user three options for describing the Coverage and effectiveness interactions
in a two-program package. The options are summarized in Table D-1. Note that the tirst option is the defauit;
it is the option used by PROFILES 2.0 if the user does not specify an option. Option 1 is very conservative, in
the sense that it causes a relatively small reduction in prevalence. Uption 2 is the opposite; it assumes that
the coverages do not overlap, thereby causing s relatively large reduction in prevalence. The third option is
flexible because it allows the user to specify the value of e, and L/

The impact of a program or package of programs on any prevalence variable is defined as the
reduction in the prevalence of the deficient severity category from tha base year prevalence, and is denoted by
*RP* (for reduction in prevalence). In PROFILES 2.0, the reduction in prevalence of a program in any year is
calcuiated by multiplying together the Coverage, the effectiveness and the maximum impact in that year.
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Comment

Total coverage overiep (e =0): Defaul option; Conservative; relative small
Non-additive eftect prevalence reduction.
(f = MAX({EFF, , EFF.}). .

No coverage overisp (e= 1), ~ Not coneervative; reistively lsrge prevalence
f not relevent when e= 1. reduction.

User specifies s end f. Fiexible option.

Similarly, the reduction in prevalence sttributable to the individual coverage combinations can be obtained by
multiplying the coverage, the effectiveness and the maximum impact for that coverage combination.® The RP
tor any of the three options isﬂwsunofﬂwﬂhinﬂnﬂnocovmmeombimﬂom for that option, as
expressed in squation [D-4].

1D-4) RP = RPin COVy + RPin COVj + RPin COV, .-

The formulas for calculating the reduction in prevalence (RP) for standard options 1 and 2* are given
in squations [D-5) and [D-6} respectively,

ID-5) RPloption 1) = (COV|-COV,) *EFF,*MIMP, + COV,* (MAX(EFF, , EFF,) *MIMP, .
ID-6) RP(Option 2) = COV,*EFF,*MIMP, + COV, *EFF,*MIMP, .
The formula for option 3 depends on whether the expression (fy®EFF,+ 1, *EFF,) is greater than or less than

one, as shown in equations [D-7] and (D-8].

Eor {,°{EFF, +EFF.} < 1.0

[D-7} RPloption 3) = (COV, - [1-6,]°COV,)*EFF,"MIMP, + {85, *COV,) *EFF,*MIMP,
+ W11-0,]°COV,)* (1, [EFF) + EFFJ)* MAX[MIMP, , MIMP,)).

rd,* + L]

[D-8]  RP(option 3) = (COV, - [1-6,1°COV,)*EFF,*MIMP, + ([1-6,1°COV,)* (MAX{MIMP, , MIMP,))
+ (e,*COV,)*EFF, *MiMP, .
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E. The Consequence Functions .

E.1. Mortality
a1.1.mmumdmlm.mmjmm

PROFILES; 2.0 estimates stilibirths and deaths in under five year old children as a function of many of
the prevalence vaiiables. - The mortality consequence function is really three separate functions: one for
stillbirths, one for nvonatal deaths, and ong for deaths of children aged 1-58 months. Ditferent prevalence
variables are used in the thres functions, as shown below.

Stillbirths Neonatal Deaths Deaths 1-59 Months
lodine status (PG) lodine status (PG) Woeight-for-age (PU)
Iron status during iron status during Feeding mode (PF)

pregnancy {PIR,) pregnancy (PIR,) Vitamin A status (PA)
Birth weight (PW) Birth weight (PW)

Initiate breastfeeding (PB)

The formulas for the three functions are obtained in similar fashion. First divide the relevant
population into subgroups, where each subgroup contains all the peopls with a unique combination of severity
categories for the indicators that influence the mortality in that population group. {These subgroups are calied
*coverage combinations.®) Second, estimate ths population of each subgroup. Third, estimate the monrtality
rate and number of deaths in each subgroup. And finally, sum the deaths in all the subgroups.’

in order to complete the second step, namely, estimating the population in each subgroup, PROFILES
2.0 assumes that the nutritional indicators sre independent. That is, being deficient in one condition. neither
increases nor decreases the odds of being deficient in another condition. However, there are some axceptions
to the assumption of independence which PROFILES 2.0 takes into &ccount, namely, iron deficiency during
pregnancy is associated with low birth weight (Murphy, er a/, 1986) (see variable K83), breastfeeding
decreases the likelihood of vitamin A deficiency especially in infants (Newman, 1993) (see variables K77 and
K78}, and low weight-for-age and vitamin A deficiency tend to occur together (see variables K80 and K81).

In general, PROFILES 2.0 assumes that individuals sutfering from several nutritional deficiencies have
a much higher chance of dying than individuals sutfering from only one. In order to complete the third step,
namely, estimating the mortality rate of each subgroup, PROFILES 2.0 assumes that, with certain exceptions,
the relative rate variables [*relative risk of death®) sssociated with the severity categories in each subgroup
multiply together to become the overall relative rate variable for the subgroup. This assumption generalizes
the finding about the potentiating affect of undemutrition on mortality (Pelletier, et a/, 1993) to all nutritional
conditions. There are two exceptions to the simple multiplication model just described - one is iodine
deficiency and the second is the combination of savere underweight and no breastfeeding. The effect of
iodine status on mortality is assumed to be independent of all other nutritional conditions, and in addition,
independent of the overall mortality rate in tha relevant age group. Based on results reported by Clugston, et
8/ (1987), PROFILES 2.0 assumes an excess mortality model with respect to iodine in which a fixed proportion
of births to iodine deficient pregnant mothers are stillbo.n or die neonatally over and above stillbirths and
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beyond that obtained in the multiplicative mode! described above (see variables K79 and K82).

E.1.2. Literature and default values.
Under B weight-for-age and mortality. Pelistier et &/ (1993) report that, in US children, mortality
Their conclusion is based on seven cross-

increasss exponentially as weight-for-age incraases in severity.

sectional studies from four countries reportad in the literature. The valus of ths exponentiation factor varies
across the countries. Wz.ommmfwmwmwmmmﬁnmammm
children aged 1-69 months rises exponentially as weight-for-age goes from normal to mild to moderate to
savere. The variable K8 contains the vsiue of the exponentiation factor. (Waight-for-age is not a factor in the
stillbirth and neonatal mortality functions in PROFILES 2.0; birthweight is used instesd.) Four studies reported
in the literature contain data on the reiationship of weight-for-age and child mortality in Bengladesh.® One of
those studies (Fauveau ef &/, 1990) found that the relative risk of death in thildren aged 6-36 months was
eight times that of all other children. Thig implies an exponentiation factor of 3.83. PROFILES 2.0 uses this

value (3.63) as its default value for K8 for Bangladash.

i i McCormick (1985) reports that in the U.S. low birth weight babies (bslow
2500 grams) are five times more likaly to die in the first year of life than normal birth weight babies (2500
grams and over), and 40 times more likely to die in the neonata! period. Data reported by Mardones (1981) on
254,000 Chilean births indicates that low birth weight babies are about ten timas maors liksly to die in the
neonatal pariod than normal birth weight babies. In PROFUES 2.0, K48 i3 the relative risk of neonztal death in
low birth weight infants, and K47 is the relative risk of stilibirths in populations with low birth weight. In its
Bangladesh application, PROFILES 2.0 assumes that the defauit values of K47 and K48 both equal 10.0, the
value derived from the Mardones data for neonatal mortality.

- In a review of all available data, Clugston et a/ (1987) propose an excess
mortality model for iodine related stillbirths and neonatal deaths, and develop a model! that predicts cretin
prevaience in a population as a function of goiter prevalence. The latter model is approximately linear when
gonter prevalence is less than 40%, whers 3.43% of all live births to goitrous women are cretins.®

PROFILES 2.0 adopts the excess mortality model for iodine mortality proposed by Clugston et &, as
well as the linear approximation of the Ciugston et &/ model relating goiter prevalence and cretin prevalences.
The variable giving the proportion of births to goitrous women that are creting is denoted as K64, and its
default value equals 0.0343. The excess stillbirth rate (the number of excess stillbirths per cretin birth) is
denoted as K61 and its default value equals 0.656. The excess neonatal moriality (tha number of excess
neonatal deaths per cretin birth) is denoted as K62 and its default valus oquals 0.602,

. In a study of 54,000 pregnancies in England, Murphy et o/ (1 986} found
that perinatal montality rates associated with low hemoglobin in pregnant women (Hgb< 10.4) ranged trom
1.077 to 1.357 higher than perinatal mortality associated with hemoglobin over 10.4. PROFILES 2.0 assumes
that the relative risk of stillbirths and of neonatal mortality in iron deficient pregnant women ralative to iran
sutficient pregnant women equals 1.2, a rough midpoint of the range found by Murphy et &/, and is reflected in
variables K71 and K72.

i ity. Vitamin A supplements in vitamin A deficient (VAD) populstions
significantly reduce child mortality (Beaton er s/, 1993; Humphrey et &/, 1992). Based on a careful review of



less effect of vitamin A supplementation on mortality in areas with low VAD than high VAD."

PROFILES 2.0 assumes a direct linear relationship between the prevalence of VAD and the relative risk
of death in children aged 6-69 months. For the application of PROFILES 2.0 in Bangiadesh, the Beaton et a/
(1993) resutt was used to estimate a default value for the relative risk of death for VAD children aged 8-59
months (namely 1.82, and stored in variable Kb54) and to estimate mortality rates for VAD and non-VAD
children aged 6-59 months (22.8 and 12.5 deaths per year per 1000 populstion, respectively)."

i . Numerous studies show that appropriate breastfeeding reduces infant
and child mortality {e.g., Cunningham et a/, 1991; Hutfman et &/, 1991; Victors, et a/, 1987). Exclusive
breastfeeding is recommended during months 0-5, and partial breastfeeding with appropnate complementary
feeding thereafter through two years of age or mors. In a study of Bangladesh children aged 6-35 months,
Briend and Bari {1989) found that, in severely underweight childran, the relative risk of death was six times
higher in children who were not breastfeeding than children who were breastfeeding, but there was no
significant difference between breast fed and not breastfed children in other underweight severity categories.
Breastieeding protects against nutrient deficiencies, especially vitamin A deficiency (Newman, 1993}, although
the mother’s nutritional status can be an important factor in the degree of protection (Stoltzfus et a/, 1993).

PROFILES 2.0 defines two breastfeeding indicators — "initiation® and “feeding mode.” For the feeding
mode indicator, two relative risk of death variables are defined for two age groups (0-5 months and 6-35
months), one is the ratio of not breastfeeding mortality to full breastfeeding mortality, and the second is the
ratio of partial breastieeding mortality to full breastfeeding mortality. These relative risk variables are denoted
as K41, K42, K43 and K44, The breastieeding initiation relative risk variable is denoted as K20. In addition,
PROFILES 2.0 includes two special variables ~ K79 is the proportional increase in the relative risk of death in
non-breast fed infants aged 0-5 months who are severely underweight compared to similar infants who are
fully breastfed, and K82 is the proportional increase in the relative risk of death in non-breast fed infants aged
6-35 months who are severely underweight compared to similar infants who are partially breastfed.

For the application of PROFILES 2.0 in Bangladesh, K41 and K42, the relative risk variables in 0-5
month olds for partia! breastteeding and no breastieeding respectively, were estimated to be 1.2 and 1.3
respectively. The corresponding relative risk variables for 6-35 month olds, K43 and K44, were estimated to
be 0.9 and 1.2. These estimates are based on anecdotal undocumented evidence. The value set for K20, the
relative risk of neonatal death in Pewborns not initiating breastfeeding compared to those that do, is 6.0,
which was taken from the Brienc and Bari {1989) result. The value for K79 and K82 were set at 5.0, in order
bring the relative risk of death in severely underweight children who are not breastfeeding up to around 6 to
reflect the Briend and Bari {1989) resuits.

E.1.3. Formylas for stillbirths and US mortaity.

Stillbirths. In PROFILES 2.0, three nutrition indicators influsnce stilibirths - jodine status, iron status
of pregnant women and birthweight, Birthweight is inciuded because many of the same conditions that cause
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combination is the product of fow factors, namely, total births in year T, the fraction of those births
sssocisted with the coverage combination as calculated from the prevalences, u factor to adjust for the trend
in the stilibirth rate inherant in the original population model projections, and a constant reflecting the stillbirth
rate for that coverags combination calculsted from relative rates and base yesr data. Because the population
model does not include stilibirths, the stillbirth trend is assumad equal to the trend in neonatal mortality. The
specific formula is given in the endnotes. 't

Neonatal daaths. in PROFILES 2.0, four nutrition indicators infiuence neonatal deaths — lodine status,
iron status of pregnant women, birthweight and initiation of breastfeeding. The number of necnatal deaths in

unique coverage combinations associatad with iron status and birthweight. As with stilibirths, the number of
neonatal deaths in each coverage combination is the product of four factors, namaly, total births in yoar T, the
number of those births associated with the coverage combination as calculated from the prevalences, a factor
to adjust for the trend in neonatal mortality in the original population mode! projections, and the mortality rate
associated with that coverage combination. The specific formula is given in the endnotes. "

Deaths 1-59 months. n PROFILES 2.0, thvee nutrition indicators influsnce mortality in infants and
children aged 1-59 months - weight-for-age, vitamin A status and teading moda. Weight-for-age has four
severity leveis (normal, mild, moderate, savere), vitamin A has two {sutficient, deficient), and feading mode
has three (full, partial, no breastfeading). Thus there are Z4 unique coverage combinations (2x3x4 = 24). The
total deaths in any year T equals the sum of the deaths in all 24 Coverags combinations that year. Howaever,
PROFILES 2.0 assumes that fully breastted infants and children are naver vitamin A deficient, thereby reducing
the number of coverage combinations to 20. As with stilibirths and neonatal deaths, the number of 1-59
month deaths in each coverage combination is the product of four factors, namely, total population in the age
group in year T, the proportion of the population associated with the Coverage combination as caiculated from
the prevalences, a factor to adjust for the trend in age-specific mortality in the original population model
projections, and the mortality rate associated with that coverage combination.

Although the same indicators and severity levels are used throughout the 1-59 manth age range, and
the final formulas for computing number of deaths have exactly the same structure throughout the age range,
several relational variables expressing relative risk of death are different in the 0-6 month age range than in the
6-59 month age range. Therefore, separate formulas exist for these two age groups, namely, 1-5 months, and
6-59 months. The specific formulas are given in the endnotes. "

E.2. Morbidity

E.2.1. i i ‘ .
Morbidity is defined as average sick days per child per year. The morbidity function in PROFILES 2.0
is organized by type of disease, by age, and by location (urban and rural). PROFILES 2.0 computes morbidity
for two diseases ~ diarrhaa and respiratory infection. (These two diseases typically account for about 50% of
the mortality and morbidity in children in developing countries.) Vision impairment and malnutrition can also
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be considered a type of morbidity, but are treated separately in this document. Number of annual gick days is
computed separately for four age groups (neonatal, 1-6 months, 6-11 months, 12-59 months), and within in
each age group, separate formulas sre used for respiratory infection, rural diarthea, and urban diarrhea.
However, the rural/urban breakout is only done for the breastfeeding related indicators (PB and PF) and
therefore the 12-59 month age group (where the breastfeeding indicators do not apply) inciudes only one
diarrhea formula and one respiratory formula. Thus, there are a total of 11 separate formulas for days of

sickness.

Different nutrition indicators influence the estimation of morbidity for ditfersnt age groups and
dissases, as shown below. -

Neonatal 1-6 Months - 8-11 Months 12-569 Months
Diarrhea:
Birthweight (PW) Wi-for-Age (PU) Wi-for-Age {PU) Wir-for-Age (PU)
Initiate breastieeding (PB) Feeding mode (PF) "~ Feeding mode (PF) Vitamin A (PA)
lron status during Vitamin A (PA)

pregnancy {PiR,)

Respiratory infection:

Birthweight (PW) Feeding mode (PF) Feeding mode (PF) Vitamin A {PA)
Initiate breastfeeding (PB) Vitamin A (PA)
lron status during

pregnancy (PIR,)

The 11 formulas are obtained in similar fashion. First divide the celevant population into subgroups,
where each subgroup contains all the people with a unique combination of severity categories for the
indicators influencing the morbidity in thet population group. (These subgroups are called “coverage
combinations.®) Second, obtain an expression for the population of each subgroup. Third, obtain expressions
for the rural diarrhea morbidity, e urban diarrthea morbidity and the respiratory infection morbidity for each
subgroup, using relative morbidity variables. Fourth, combine the popuiation and morbidity expressions to
obtain the number of days sick with diarrhea and with respiratory infection for each subgroup. And finally,
sum the sick days in all the subgroups.

The second step, obtaining an expression for subgroup population, makes exactly the same
assumptions of indepandence and non-independence among the prevalence of nutrition indicators as were
made in the mortality function {section E.1.1).

BEST AVAILABLE DOCUMENT
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E.2.2. Literature and defautt vaiues.

Weight-for-age and morbidity. Black et o/ (1984) found 8n average diarrhea morbidity of 52.2 sick
days per ysar per child in a sample of 125 Bangladesh children aged 0-23 months, ranging from 39 in normal
weight-for-age to 58.2 in children weighing 80-75% of the reference median. Average duration of an episode
was 10.2, 8.6 and 8.9 days in children weighing under 60%, 60-75%, and over 76% of the reference median,
respectively. Chowdhury et &/ (1990) reported an average diarthea morbidity of only 6.8 days per year in a
sampie of Bangladesh children aged 6-80 months. No publications were encountered that showed a
relationship batween respiratory morbidity and weight-for-age.

PROFILES 2.0 allows the user to select any vsiuves for the relative diarrhea morbidity of mild
underweight, moderats underweight and severe underweight in children sgad 0-59 months. In other words,
there are thvee saparate relative diarrhes morbidity variablas; one each for mild (K1), moderate (K2) and severe
{K3) underweight that apply over the entire 0-59 month range. Underweight status does not infiuence
respiratory morbidity in PROFILES 2.0.

in the Bangladesh application, PROFILES 2.0 assumaed an average diarrhaa morbidity of 29.4 days per
vear, a figure halfway between the disparate results reported by Black et &/ and Chowdhury et #/, and 8 linsar
relationship between the relative diarrhea morbidities for mild, moderate and severe underweight with a siope
roughly equal to that reported in the Black et &/ study. The default values usad for K1, K2 and K3 were
1.125, 1.25 and 1.375 respectively,'®

i | ! idity. No literature was found on the relationship of birthweight and
morbidity. PROFILES 2.0 assumes that birth weight can influence both diarrhea neonatal morbidity and
respiratory neonatal morbidity. I inciudes a relative morbidity variable for low birth weight snd neonata!
diarrhea (K49) and a relative morbidity variable for low birth weight and neonatal respiratory infection (K50).

In its Bangiadesh application, PROFILES 2.0 assumes a default value for K49 of 1.25, which equais the default
value for the relative diarrhea morbidity in moderate underwsight children age 1-59 months. The Bangiadash
detfautt value tor K50 (relative respiratory neonatal morbidity in low weight births) is 1.0.

lron statys and morbidity. Angeles er o (1993) found that iron supplementation of iron deficient

Indonesian children aged 2-5 years reduced the incidence, but not duration, of diarrhea and respiratory
infection relative to controls. The relative morbidity rates of iron deficient children compared to iron sutficient
children was 3.0 tor diarrhea and 2.5 for respiratory infection. No papers were found on the relation of iron
Status during pregnancy and morbidity of infants.

PROFILES 2.0 assumes that iron status in pregnant women can influance neonatal diarrhea morbidity
and neonatal respiratory morbidity. Relative diarrhea morbidity is refiected in relational variable K75 and
relative respiratory morbidity is in K76. However, PROFILES 2.0 does not make provision for iron status of
children to influence child morbidity. (The Angeles et o/ resuits were unknown to the authors at the time the
program was compieted.) In the Bangladesh application, the default values of ;.75 ang K78 were set equal to
3.0and 2.5 respectively, refiecting the Angeles et 8/ results even though they applied to a ditferent age group.
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vitamin A deficiency and child mo:bldityhspmofmemnyﬁndlnosofmcﬂoctofvluminAddidencyon
mortality. However, atthough a recent report (Ghana VAST Team, 1983) found no effect of vitamin A
suppiementation on total morbidity, it did find a significant effect of vitamin A supplementation on clinic and
hospital sttendance by children aged 6-59 months. At baseline, 57.6% of the children in the study were
vitamin A deficient (SR=0.35-0.70 umollL, or equivalently, SR<20 ugms/dL). After supplementation, clinic
attendance in the vitamin A supplemented children was 88% of sttendance in the unsupplemented children.

PROFILES 2.0 includes one relative morbidity variable (K61) for vitamin A deficiency in children aged
6-53 months, which is applied to both diarrhea and respiratory infection. In the Bangladesh application, the
defauit value of K61 equals 1.263, based on the results of the Ghana VAST Team {1993)." This

assumption is justified when computing the costs of morbidity, but less s0 when computing the days of
sickness.

Breastieeding and morbidity. Numerous studies report that feeding mode influences morbidity in

infants. in a one year longitudinal study of 153 Peruvian infants (0-11 months) living in an underprivileged,
periurban area, Brown et o/ {1989) found that both diarrhea and respiratory morbidity were influenced by
feeding mode. The effect differed by age, mode (exciusive, partial, no breastfeeding) and type of
complementary food when partially breastfed (food, artificial milk, other liquid). In a study of 2080 infant-
mother pairs in The Philippines, Popkin et &/ (1990) found that diarrhea morbidity was influenced by age,
feeding mode, type of complementsary food and urban or rural location. Relative diarrhea morbidity was higher
in urban than rural locations. In a review of 35 studies carried out in 14 ditferent countries, Feachem and
Koblinsky (1984) reportad relative diarrhea morbidity of 3.5-4.9 in infants age 0-5 months when non-breastfed
infants were cor.pared to fully breastfed infants, but when non-breastfed were compared to tully + partially
breastfed infants of ditferent ages, the average diarrhea morbidities were 3.0 in 0-2 month olds, 2.4 in 3-6
month olds, 1.4 in 6-11 month olds and 1.0 over 12 months. "’

As noted above, reiative morbidity for feeding mode is always defined with respect to the morbidity of
fully breastied children in the age group, even though partial breastfeeding is the recommended mode for
children over 6 months of age. PROFILES 2.0 defines Separate relative morbidity variables for partially
breastied and non-breastfed children, by disease (diarrhea and respiratory infection) and age group (neonatal,
1-5, 6-11, 12-35). All PROFILES 2.0 relative diarrhea morbidity variables related to feeding apply to rural
populations only. PROFILES 2.0 includes six different ratios of urban-to-rural diarrhea morbidity which, when
multiplied by rural relative diarrhea morbidities for feeding, yield the corresponding urban relative diarrhea
morbidity. The six urban/rural ratios are: 0-5 months/partial breastfeeding (K35), 0-5 months/non-breastfed
(K36), 6-11 months/partial breastfeeding (K37), 6-11 months/non-breastfed (K38), 12-35 months/partial
breastfeeding (K39), and 12-35 months/non-breastied (K40). Relative neonatal morbidity for diarrhea and
respiratory infection with respect to initiation of breastfeeding is in variables K21 and K28 respectively. The
relative diarrhea and morbidity variables for children aged 1-56 months, 6-11 months and 12-35 months are in
vanables K22-K27 and K29-K34.

The default values for relative morbidities related to feeding used in the Bangladesh application are
summarized in Tabie E-1. ’

E.2.3. Formulas for Davs Sick .
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heonatal davs gick PROFILES 2.0 estimates the total neonatal days of sickness in & year due t
disrrhea and respiratory infection. mumnmm“hﬂmmmuldm.ndmmofy
mmm-mwmwmmwmwwwmwam pregnancy. Total neonatal days sick
uuuutofdhnhuorruoinuwythionhthepopdlﬁonhﬂnmoftmmomnlsickdavsforuch

respiratory infection’
&itm 12-36 m

BF partial 2.16 1.00M
BF none 2,77 1.19

NOTES: (s] inciudes both upper and lower respiratory infaction. [b] Based on Brown et & (19889). [c] Partially
based on Feachem and Koblinsky (1884). |d] Based on Popkin er &/ (1890). [e] No effoct sssumaed
due to lack of evidence.

disease in the eight coverage combinations. The number of diarrhea and of respiratory sick days in sach
Coverage combination is the product of three factors, namely, the neonatal population in vear T, the fraction of
that population associated with the coverage combination as calculated from the prevalences, and a constant
refiecting the morbidity rate for that disease in that coverage combination calculated from relative rates and
base year data. The prevalences of birthweight and iron status during pregnancy are not independent, as
noted above. The specific formula for total neonatal days sick is given in the endnotes. '®

Days sick 1-5 months. As in neonatal morbidity, totsl sick days for the 1-6 month age group is
estimated for rural diarrhea, urban diarrhea and respiratory infection. In this age group, weighi-ior-age and
feeding mode infiusnce diarrhea morbidity, but only feeding mode influences respiratory morbidity. Thase
indicators produce 12 ditferent Coverage combinations, Total diarrhea and respiratory sick days in the age
group is the sum of the sick days for each disease in all 12 coverage combinations. The number of sick days
in each coverage combination is the product of three factors, namely, the populstion in the age group in year
T, the fraction of that population associated with the coverage combination as calculated from the
prevalences, and a constant reflecting the morbidity rate for that disease in that coverage combination
Calculated from relative rates and base year data. The specific formula for total days sick in the 1-5 month
age group is given in the endnotes. "
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. Morbidity in the 8-11 month age group is infiuenced by thiee nutrition
indicators — weight-for-age, feeding mode and vitamin A status. These indicators produce 24 different
coverage combinations. The non-independence of the pravalence of vitamin A status with weight-for-age and

and then summaed to obtain ﬁntnnldayssickbydisuumdlocaﬁm As in the 1-6 month age group, sick
days in each coverags combination is the product of the population and morbidity rate for that coverage
combination. The specific formula is given in the end notes.®

i - . Marbidity in the 12-58 month age group is influenced by two nutrition
indicators ~ weight-for-sge and vitamin A status. Vitamin A status influences diarthea and respiratory
infection while weight-for-sge influsnces only diarrhes. These indicators produce eight differant coverage
combinations. The non-independence of waeight-for-age and vitamin A status is included in the PROFILES 2.0
formula for days sick in this age group. Days of sickness for rural diarrhea, urban diarrhea and respiratory
infection in any year T are estimated for sach coverage combination, and then summaed to obtain the total
days sick by disease and location. As in the 1-11 month age groups, sick days in each coverage combination
is the product of the population snd morbidity rate for that coverage combination. The specific formula is
given in the endnotes. ™

E.3. Eentility

E.3.1. Eenility rate and breastfesding.

In PROFILES 2.0, fertility is influenced by the duration of breastieeding. The relationship is based on
a multiplicative model by Bongaarts {1978) in which the total fertility rate (TFR) in a population is a tunction of
four determinants — marriage, contraceptive use, induced abortion rate and lactation. The Bongaarts mode!
takes the form:

[E-1) TFR = 21°32°33*a4 *FEC.

Where: FEC (total fecundity) is the maximum average number of live births that women would have in their
litetime assuming maximum in-union exposure during child-bearing years and nNo contraception, induced
abortion or lactation, and a1, a2, a3 and a4 are parameters refiecting the ievel of marital exposure,
contraceptive use, induced abortion and lactation in the population, respectively. The complement of each
parameter (that is, one minus the parameter) is defined s the proportional reduction in fertility due to that
parameter; for example, if the contraception parameter equals 0.7, then the effect of contraception would be

to reduce TFR by 30%.
Bongaarts{1978) has shown that the lactation parameter {a4) in equation [E-1) can be estimated as a

function of the average duration of lactation (a4 = 20/(20 +0.568°PD)), where "PD" is the average duration of

lactation in months, and therefore equation [E-1) can be written as shown in equation (E-2). '

[E-2] TFR = FEC*a1°a2°33°20/ (20+0.58°PD).

PROFILES 2.0 assumes that the values for FEC, a1, a2 and a3 are constants for a particular country.
Thus, the numerator in equation [E-2) can be written as a single constant (K116) and equation [E-2) becomaes
equation [E-3) for a particular country and year,
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&3 TFR, = (K118} / (20+0.56°PD,).

The vaius of the relational variable 'Kﬂo'unbouﬁmudhmoftwomys. (1) Base yaar
vmmmwmmumwummmmmmmuﬁm. (2) Use.estimatas of
FEC, a1, a2 and 83 to calculste the value of K118 directly. Bongaarts (1978) and Cleland ot al (1984) provide
separate estimates of FEC, a1, a2, a3 and 84 for vsrious countries, with the Cleland ot &/ estimates based on
World Fertility Survey data. Cleland et o also provide estimates of the effect of location {rural, towns,
metropolitan) on a1 through a4 in different regions of the worid.

[E-4) TFR; = (YTFR,MOTFR,)*(K118) / (20 +0.56°PD,).

Where: TFR, = Total fertility rate in year T. MOTFR; = Total fertility rate in year T given in the selected
model fertility table before adjusting for the extra effect of change in duration of breastfeading. PD, =
Duration of breastfeeding in year T in months. K116 = Relationa! varisble giving effect of factors other than
breastieading on fertility.

in the Bangladesh application of PROFILES 2.0, K116 was estimated directly from FEC, a1, 82 and a3
using and updating the estimates by Bongaarts (1978) snd Cieland et o/ (1984). The estimates were
" FEC=16.1, 81=0.86, a2=0.613 and 3= 1.0, yielding K116 = 169.75.2

E.3.2. Mmmmmmmmw (Not programmed in version 2.0; planned for

version 2.1.)

same effects with other family planning programs. PROFILES 2.0 uses a simplitied approach in which a fixed
dollar amount {(K203) is assumed to be the cost of reducing fertility by one. Thus the cost of reducing fertility

the variable K203. Since total fertility rate {TFR) in PROFILES 2.0 is a tunction of the average duration of
breastieeding (PD), the monetary value of tha fertility eHects of increasing the average duration of
breastfeeding can be estimated, as given in equation [E-5].

[E-5) SAV2.; = K203 * (TFR{PD,,) - TFR{PD_,}).
Wnhere: SAV2 ; = Monetary value in § U.S. of fertility etfects of increased breastieeding in year T over the
base year. PD , = Average duration of breastfeeding in months in year T. TFR{PD_,) = Total fertility rate

8s & function of average duration of breastfeading in year T. K203 = Cost of family planning programs in ¢
U.S. that decrease TFR by one.

E.4. Vision
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reiated consequences are estimated — new cases of total blindness and of partial blindness, and prevalence of
total blindness and of partial blindness.

E.4.1. Total blindpess.

According to Intemational Oohthaimology (1880), approximatsly 8% of children who develop
xerophthaimia eventually bscome totally blind. PROFILES 2.0 assumes that the prevalence of xerophthaimia

equals PA,, the prevalence of nightblindness.

Incidence of new zases. In order to estimate the incidence of new cases of total blindness, PROFILES
2.0 assumes that the conversion from xercphthalmia to total blindness all occurs in the same year that the
xerophthaimia first occurs. This assumption is appropriate in a steady state situation but overestimates total
blindness when vitamin A deficiency, and therefore xerophthaimia, is decreasing. Thus, in PROFILES 2.0. the
new cases of blindness in a year is proportional to the new cases of xerophthalmia in that year. The new
cases of xerophthaimia in children under 5 years in any year equals new cases in a one year cohort {(which
PROFILES 2.0 assumes to be the survivors at age 5) plus an adjustment when there is an increase in the
xerophthaimia rate, as shown in aquation [E-8). -

[E-6] MByy; = K57'PA1U,_,'POP‘_.,, + K57'I(PA,,.,U'POP“") * (PA3 51.0)*POP 5o 1.4)).

Where: MBys; = Incidence of new cases of total blindness in children under 5 years in year T; PAYysy =
Prevalence of nightblindness in children under B years in year T; POP,.,; = Population of children aged 5
vears in year T; POP,,; = Population of children aged 6-58 months in year T; K67 = Proportion of
nightbiind children who go totally blind. ’

PROFILES 2.0 assumes that new cases of total blindness occur in school age children (ITB4g) only
when there is an increase in the xerophthalmia rate in school aged children, as shown in equation [E-7).P

lE°7] "Bu_] - K57'HPA;.Q_7'POP.°_7) - (FAmg,,)'POF“M".

Prevalence. Mortality is much higher in blind children than in seeing chiidren. Therefore, the
prevaience of total blindness is lower than would be obtained from the incidence of new cases. Levin et o/

(E-8] PTB,, = K52°K57°PA,, . for A = U5 and SCL.

Where: PTB,; = Prevalence of total blindness in age group "A°® in vear °T;* PA,,: = Prevalence of
nightblindness in age group "A” in year °T;" K52 = Proportion of US children who survive at least one year
after going totally blind (K52 = 1.0 for children over § years); K67 = Proportion of nightblind children who
00 totally blind.


http:T*POP.vT

Stnoture and Modale of PROFUES 2.0: The Censeguanse Functions

mummwmmmxsz.mmmmwmmwwm US children, is 0.50,
which is the lower bound of the estimata by Levin et o/ (1993). The default value for K57, the xerophthaimia-
to-total blindness conversion rate children, is C.05, which is the figure estimated by intemational

Qohthaimolegy (1880).

blindness with the following exceptions: (1) partial blindness is sssumad not to cause excess mortality and so
the K52 variable is omitted, and (2) conversion rates from xerophthaimia may be different in school age
children than in UB children and so a different relational variable, K68, is used in place of KE7. The formulas
for incidence of new cases of partial blindness {IPB,y) and prevalence of partial blindness (PPB, ,) are given in
the endnctes. ™

No information was found on the xerophthaimia-to-partis! blindness conversion rate in the literature,
and therefore the default value for K58 is sat equal to 0.05, the valus for K57.

-E.5. intelligence

lodine status, as measured by goiter prevaience, is the only nutrition indicator that influences
intelligence in PROFILES 2.0. The consequence of iodine status on intelligence is described in two different
ways. First is the number of cretins and other mentally impaired persons resulting from iodine deficiency.
Second is the total deficit in 1Q points in the population as a result of iodine deficiency.

ES5.1. Cretins and other mentally impaired persons.

are mentally impaired as a result of iodine deficiency: cretins, permanently mentally impaired (PMI) and
correctable mentally impaired (CMI). The degree of mental impairment is more severe in cretins than in PMig
and CMIs, although some cretins are deaf-mutes with normal native intelligence.

retin bi :on. PROFILES 2.0 assumes a linear relationship between goiter prevalence
and the birth rate of creting.® This relationship is also discussed in section E.1.2 above and in Endnote 9.
Based on this relationship, PROFILES 2.0 computes the number of cretins who are born and survive the early
stages of life in any year T using equation [E-9).

[E-9] BC, = K64°PG,,*B,.
Where: BC, = Births of surviving cretins in year *T:" PG, = Prevalence of goiter in the population; B, =

Live births in year "T;* and K64 w= Proportion of live births to goitrous women that are cretins who survive
the early stages of iife,
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putyuuloutmduﬂuofmoumﬁmaccording to standard life tables. Equation (E-10) gives the number
of cretins alive in year T (CRET,) as a function of the tretin population (CRET,,), cretin births (BC;.,) and

deaths (DC, ,)in ysar T-1.
[E-10) CRET, = CRET,,+BC, -DC,,.

i i ici . Based on their review of the available studies,
Clugston et &/ (1987) conclude that iodine deficiency produces about three mentally impaired persons for
every crotin. Therefore, PROFILES 2.0 asgsumes a linsar relationship between the number of cretin births and
the number of (PMi+CMI) births, and a linear relationship between the prevalence of creting and the
prevalence of PMIs. The prevalence of CMIs is assumed to be proportionsl to the goiter prevalence because it
is correctable. The formulas thay PROFILES 2.0 uses to compute values tor PMI and CMI are given in

equations [E-11) through [E-13).

[E-11) BPMI, = BC; ® K63 * (1-K65).
[E-12) PMI; = CRET, ® K63 * (1-K65).
[E-13] ML = KE3°K684°KE5 * PG, *POP; .

Where: BPML, = Births of PMIs in vear T; BC, = Cretin births in year T; CMI, = Number of CMis alive in
vear T; CRET, = Number of cretins alive in year T; PG, = Goiter prevalence in year T; PMI, = Number of
PMis alive in year T; K83 = The ratio of mentally impaired persons due to iodine deficiency {PMi+CMI) to
cretins; K64 = Cretin birth rate in goitrous women; and K66 = CMI/(PMI + CMI).

The total number of mentally impaired persons due to iodine deficiency is the sum of cretins, PMis
and CMIs. The rate of mentally impaired births to goitrous women is equal to K63°K64, and is stored
independently as relational variable K66.

The Bangladesh default value for K63 is the estimate reported by Clugston et s/ (1987), namely K63
= 3.0. The estimate for K64 was noted above (section E.1.2) as 0.343. No information was found on the
ratio of CMis to PMis, and the default value for Bangladesh is arbitrarily set equal to 0.10. KE6, the rate of all
mentally impaired births to goitrous women, equals K63°K64, or about 13%.

E.5.2. Lost 1Q Points (Not programmed in version 2.0; planned for version 2.1)

Some studies, notably Boyages e &/ (1989), have tound a systematically lower 1Q distribution in
Populations living in iodine deficient areas of China than comparable populations living in iodine sufficient
areas. However, Bisichrodt ef o/ (1980) found no such effect in Indonesia. Goiter pravalence in the deficient
areas in the Boyages of &/ study was 60%, and in the Bleichrodt et &/ study was 68%. Boyages et a/ found
the average IQ was 12.0 points lower in the deficient children (84.4 vs. 72.4) and 10.5 1O points lower in the
deficient aduits (75.8 vs. 65.1).

PROFILES 2.0 estimates the total number of lost IQ points due to iodine deficiency in two age groups
= newborns and the total population. Lost 1Q points in newboms in any year T is proportional to the number
of live births and the goiter prevalence in year T. Lost IQ points in the total population depends of the goiter
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prevaience in all past years and therefore is proportional to cretin prevalence. Formulas for computing lost IQ
poinuhmwbomuﬂhﬂnnulpopuaﬂonmuivmhoqmﬁm [E-14) and [E-15).

[E-14) LG,y = K201°B,°PG, .
[E-185) UQpe; = K201°CRET; / K84.

Where: B, -I.ivobirthslnva.j CRET, -Cmﬁmalivehwa,ueomputedinlEdOl: UQ,, = Lost
lonInudmtoiodlnodaﬁciemth&m:_bomhvw i" UQpory = Lost K0 points due to iodine
deficiency in entire population in year *T:*- K64 -Pmporﬂonofblm\smiodimdeﬁdemwomenﬂmam
creting; K201 = Average deficitperpenonlnlcpoimmamlodhdeﬁdmcydwing pregnancy compared
to persons with iodine sufficient mothers.

In manual applications of this mode! to Bangladesh, the value of K201, the average 1Q Jaficit due to
iodine deficiency, was sat equal to 10.0, just less than the lowest of the two IQ deficits reported by Boyages

et o/ (1989).

E.6. School Repeaters

The school repeat rate is defined as the proportion of students envolled in a particular grade (or
grades) that have been envolled in that same grade in any previous year. Repeat rates are an indicator of
learning and school performance and are elso reiated to school costs.

In PROFILES 2.0 iodine status and stunting influence school repeat rates. Fierro-Benitez et o/ (1986)
reported that first grade repeat rates dropped significantly in an Ecuadorean village after iodine deficiency in
the village was eliminated, compared to a control village, but that little or no effect was observed in repeat
rates in grades 2-6. The first grade repeat rate was 1.77 times higher in the control. In a comprehensive
review, Pollitt (1990) presents evidence that reduced stunting has improved school performance when
accompanied by mental stimulation such as tutoring. Therefore, PROFILES 2.0 assumes that stunting
reduction programs must be sccompanied by mantal stimulation programs in order to influence school repeaat
rates.

The number of primary school repeaters in any year is a function of the school age population and
enroliment rate in that year. PROFILES estimates the number of repeaters in the first grade separately from
the repeaters in grades 2-6 because a large proportion of all repeats occur in the first grade, and because of
the evidence that the reiative fepeat rate associated with iodine deficiency is markedly different in the first
grade than in grades 2-6. In this model, the estimate of first grade repsaters is based on the 6 year old cohort
and the estimate for grades 2-6 is based on the 7-11 year old cohort.

With respect to iodine deficiency, PROFILES 2.0 assumes that cretins do not enroll and that the
number of repeaters is proportional to the prevalence of CMIs +PMis in the 6 year and 7-11 year age cohorts.
With respect to stunting, all three severity levels (mild, moderate and severe) are grouped into a single
Category. As noted above, PROFILES 2.0 assumes that 8 drop in the stunting prevalence reduces the repeat
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the indicator specific rspeat rates, similar to the 2pproach used in the mortality and morbidity functions. Four
relative repeat rate varisbles are defined — the relative repaat rate for CMis +PMis in grade 1 (K67) and in
grades 2-8 (X68), and the relative repest rate for stunted children in grade 1 (X10) and in grades 2-8 (K11). in
addition relstional variables are defined for the base year first grade repeat rate (K84), the base year repeat
rate for gradss 2-8 (K86), the base ysar enroliment rates for first grade (K100} and prades 2-8 (K101). The
formulas for calculating the number of repeaters by grade leve! are given in the endnotes.

. Default vaiues for relative repest rates for children of iodine deficient
mothers are taken from the Fierro-Banitez of &/ (1988) study in Ecuador, with the firgt grade relative rate (K67)
equal to 1.77 and the repaat rate for grades 2-8 (K68) set at 1.0. No direct data was found on relative repaat
rates for stunted children, but based on Pollitt’s work, a 5% effect was assumed for all grades. Thus the
default values of K10 and K11 were set at 1.05. The base year repest rates and envoliment rates were set
equal to the overall repsat rate and overall entoliment rate in primary schools in 1990 as reported by the
Bangladesh Ministry of Education, namely K84 = 5%, KB5 = 5%, K100 = 89% and K101 = §9%,

E.7. Government Expenditures

PROFILES 2.0 estimates the potential effect of nutritional improvements (as measured by changes in
the nutrition indicators) on government health and school expenditures. These estimates should not be
construed as predictions of actual increases or decreases in governmant budgets or expenditures. Rather, they
are estimates of what it costs the government to accomplish certain work which no longer needs to be done
because of nutritional improvement.

E.7.1. Government health expenditures.

Government health expenditures are determined by morbidity, vision impairment, mortality and births
lincluding stillbirths). Morbidity related expenditures are estimated for three childhood diseases — respiratory
infection, diarrhea and mainutrition, which in turn are related to weight-for-age, feeding mode, birthweight (for
neonates), iron status and vitamin A status. Vision impairment is related to vitamin A status. Mortality is
related to all six nutrition conditions. Number of births is influenced by feeding mode; and stillbirths by iron
status, iodine status and birthweight. The expenditures associated with morbidity, vision impairment,
mortality and births are summed to obtain tota! expenditures.

Morbidity. Morbidity-related expenditures are proportional to the number of clinic visits, which in tumn
are proportional to the prevalence of respiratory infection, diarrhea and underweight (moderate and severe
only). Specifically, PROFILES 2.0 defines thvee relational variables, K94, K96 and K96, that give the average
number of days a child is sick with respiratory infection, diarrhea or unde~weight (moderate or severa),
respectively, to generate one clinic visit. The formula for estimating morbidity-related expenditures is given in
equation [E-16).

|E-16) EX1, = K104 * (Sue,1/K94 + S, /X935 + 385’POP.,.,,’(PU,M,,+PU.M,,)IKSB.
Where: EX1, = morbidity-related government health expenditures in year T. *Swsr = total days of

sickness with disease type *b® in children under 5 years in year T. PU, ws1 = Prevalence of underweight of
severity level *V* (V=3 for moderate, V=4 for severe) in children under b years in year T. K94 = Average
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mmmmﬁmmmmmmdﬁicvm K98 = Aversge days sick with diarrhea to
generats one clinic visit. K96 -_Dayshamofmodemoormmmdomdahttomnmmdiﬁc

visit for malnutrition.

Morbidity cost default valuas. in e study of disrrhea costs in indonesis, Lerman et o/ (1985) found
thn37%ofandimhuWduhdmdmnmwdlwdcmwﬂmmmmimlcon(modicim,
tests, supplies, but not personnel or facilities) was $0.85 {U.S.) per visit. For Bangladesh, PROFILES arbitrarily
assumes that 16% of all diarrhea episodes generate a clinic visit, which yields a figure for K95 of 3.3 days of
diarrhea to generate ono chinic visit assuming an average annua! disrrhea prevaisnce of 29.4 days and an
average duration of 8 days per diarrhea apisode. in lisu of other data, K94 {respirstory sick days to generate
one clinic visit), is set equal to KS6, namely 63.3 days.

A study of 19 health clinics in Bangladesh found that 11% of all the visits were for “malnutrition® and
23% were for "diarthea” (Stanton and Clemens, 1988). The default vaiue for K98, the days of malnutrition
(moderate pius severe underweight) required to generate one clinic visit, is estimated to be 509.1 days using
base year data and assuming the same ratio of malnutrition to diarrhea clinic visits as found by Stanton and

Ciemens.”

Yision imoairmant. Vision related costs are proportional to the prevalence of biindnass and partis|
blindness in preschcol and school-aged children. The marginal average annual government health expenditures
associated with one totally blind child (KE9) and one partially blind child (KB0), over the expenditures for a
normal child, form the basis of the estimate, as given in equation [E-17).

[E-17) EX2; = K59° (PTBys,1*POPyg s + PTBy 11 * POPg.ey) + KBO® ((PPByg v *POPg ; + PPBy.141*POPy (1)

Where: EX2, = Vision-related government health expenditures in year T, PPB,y = Prevalence of partial
blindness in children in age group A% inyear T. PT B.:r = Prevalence of total blindness in children of age
*A"inyear T. K59 = Average annual government heaith expenditures to care for a totally blind child over
and above the costs of caring for a normal chid. K60 = Average annual government heatth expenditures to
care for a partially biind child over and above the costs of caring for a normal child.

Yision cost defaylt values. No information was found on the additional .cost to the government of

caring for visually impaired children. Therefore, for the Bangladesh 8pplication, K69 and K60 were both set
equal to 0.

Monality. Mortality-related government health expenditures are of two types — those directly related
to the death such as funeral or record-keeping costs, and those related to the replacement of the dead child
with another pregnancy and birth. The direct costs are estimated by multiplying the number of under 5 deaths
{plus stillbirths) by the average direct cost of a death (K105). Costs associsted with replacement of children
who die are proportional to the numher of child deaths, the replacement rate (K109) and the averags
government haaith expenditures to raise a replacement child to the age of the replaced child’'s death {average
age of death in U5 children {K107) times the average annual government health expenditure per person
{K108)). PROFILES 2.0 assumes these expenditures occur in the year that the replaced child dies. The i
formula for estimating the direct costs related to mortality is given in equation [E-18] and the formula for
expenditures related to replaced child deaths is in equation [E-19).

[E-18) EX3; = K105°(POPy;® Xny + B;® SB,).
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[E-18] . EX4y = K107'K108'K109°(POP,,“'X..J).

Whers: EX3, = Total government expenditures InymTlmdatedwiﬂ\dimcteomochldduﬂu. EX4;
= Totsl govemment expenditures hwamodatodwm\nphcomemofmderﬁvede'aﬂu.' B, = Live
births in year T. 88, = Stillbirth rate per live birth in vearT. Xy = Mortality rate of children under b
yoars inyear T. K106 = Average direct cost associated with a child death. K107 = Average age at which
U5 deaths occur. K108 = Average annual cost to governmant of providing health services to one U5 child.
K109 = Average replacement rate of children who die with anothar pregnancy and birth that would not have

occurred if the first child had not disd. -

i . Based on a comprehensive review by the United Nations Office of
Population (UN Secretarist, 1988), PROFILES 2.0 estimates the value of K109, the child mortslity replacement
rate for Bangladesh, to be 20%. A $tudy of health costs in Matiab, Bangladesh (Horton and Claquin, 1983)
reported that in 1979 the marginal annual co.ts per capita for health services was $1.80 (U.S.). This
translates into $4.61 in 1990 assuming a 9% inflation rate, which is the default value for K108. The average
age of Ub deaths (K107) is estimated to be 2.0 years. No informstion was found on the average direct cost
of child mortality, and the dafauit valye for K105 was arbitrarily get equal to $0.10.

Deliveries. Each birth and stillbirth ig assumed to generate a govemment expenditure that includes
prenatal and delivery care, and which ig denoted by K108. Total delivery related costs in a year are simply the
product of this average cost and the total number of live births and stillbirths in that year, asg given in equation
{E-20).

[E-20) EXB; = K108°(B, + S,).
Where: EX8, = Total govemment expenditures in year T associated with deliveries, including prenatal and
delivery care costs. B, = Live births in year T. SB, = Stillbirth rate per live birth in year T. K106 =

Average government expenditures associated with one birth.

Jotal. Total government health expenditures in any year related to child morbidity, vision impairment,
mortality, mortality replacement and births is the sum of the individual Components, as given in equation [E-
21).

lE'21l ’ as; = EX‘I, + EXZ, + EX3; + EX41 + EXS' .

irthi . No information was found on the average cost associated with prenatal
and delivery care for one birth. The Bangiadesh default value for K108 was arbitrarily set at $2.00.

E.7.2. Government school axpendityres.

PROFILES 2.0 estimates Qovernment costs associated with primary school repeaters, not all school
costs. The estimate is the number of repeaters in a year times the average cost of educating a primary school
Student for one year (K102). The formula for estimating this amount is given in equation [E-22).

E-22) EX7; = K102 * (REP,; + REP,, ).
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Whem: EX7, = qumuWMhmTmemem 1-8).
REPq; = Number of repeaters in grade *G" (where G =1 for first grade and G=2 + for grades 2-8) in year T.
K102 = Amaommowummwmommwwwmmmyun

The defauit value of K102 for Bangladesh is set oqual to 400 Taka, basad on Ministry of Education
data.

E.8. Production and Value of Braastmilk.
E.8.1. Quantity of breastmilk

The amount of breastmilk produced by a lactating woman depends on the mode of feeding (full or
partial breastfesding) and the age of the child. Production is higher with younger children and full
breastfeading. Using the methodologies given by Alim (1993) and Levine and Huffman (1980), PROFILES
estimates the average maximum potential amount of breastmilk a mother producss st ditferant child ages, and
the losses that occwr at thase ages due to non-breastfeading and non-optimal partial breastfesding, thereby
arriving at the estimated actual production by age end feeding mode. Equations [E-23} through (E-28)
Compute, respectively, the potential national production, national logs due to nor-breastfeeding, national logs
due to non-optimal partial breastfeeding, and actual national production, all in liters. Note that potential daily
production (K12-K15) is given in mililiters, and therefore must be divided by 1000 to transform the answer to

liters.

[E-23] QTY1,, = (POPM.A_,'K'IZ+POP.".U_,'K‘I3+POP,,,N7'K14+POPM7'K15)'385/1000.

lE'24’ QTYZ‘_] - ‘”uur.mpo_w_r.x12+”;‘|‘u".mp“‘.&7.x13
+ Pme:'POPum_,'KM+PFm..,._,'P0P,..._,._,'x15) * 385/1000.

IE-25) QTY3, = (PF,,,._U'POPM.U'KR'KI6+PF,_.,..‘_,'POP¢".M'K‘I3'K17
+ PF:.um:'POPumr'KWKw+PFM,'P0P,.,._,,_,'K15'K19) * 365/1000.

[E-26] QTY4,, = QTY1,-QTv2,-QTv3,.

Where: QTY1,, = Total potential production of breastmilk in region “L® in liters during year T. Qv =
Loss of potential production of breastmilk in liters in region "L® during year T due to prevaience of no
breastieeding. aTY3,; = Loss of potential production of breastmilk in liters in region "L" during year T due
to prevalence of non-optimal partial breastfeeding. Q1Y4,;, = Estimated actual annual production of
breastmilk in liters in region *L* during year T. PFyi.1 = Prevalence of partiai breastfeeding in age group
*A® in location "L" in vear T. PFy,,, = Prevalence of no breastfeeding in age group *A® in location "L* in
year T. K12K16 = Average maximum potential daily breastmilk production per mother in milliliters with
child in age groups 0-5m, 6-11m, 12-23m and 24-35m, respectively. K16-K19 = Average percentage loss
in breastmilk production due non-optimal partial breastieeding with child in 8ge groups 0-5m, 6-11m, 12-23m
and 24-35m, respectively, .

. The default values for the potential daily maximum production at different ages {K12-

K15} is based on estimates by Rhode (quoted in Alim, 1903) and Brown et &/, 1882 (quoted in Huffman and
Huque, 1983). Default values for the loss rates due to non-breastfeeding and non-optimal partial breastfeeding
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potential production, bunmmmummmfuhwmsso.

1. Average potential daily production of
breastmilk in mi (K12-K18)

2. National potential production of 712 423 880 591 2,816
| breastmilk in million literg {(Y40) :
3. Nationa! loss due to non-breastfeeding in ? ] 72 262 340

million liters (Y41)

| 4. Average loss rate due to non-optimal! 20% 30% 40% 50% -
partial breastfeeding (K16-K19)
5. National loss due to non-optimal partial 32 88 315 174 809

breastieeding in million liters (Y42)

6. Estimated national production of
breastmiik in 1990 in million liters (V43)

E.8.2. Market value of breastmilk.

In order to estimate the market value of all breastmilk produced in a year, PROFILES 2.0 estimates the
total iters of breastmilk produced by rural mothers angd urban mothers separately, and then multiplies these
volumes by a market price per iiter. The market pnce i rural areas (K45) can ditfer from the market price in
urban areas (K46).

The estimated markst value (in 8 U.S.) of the breastmilk produced {MVB,) in the entire country is the
sum of the value in rural areas plus urban areas, as given in equation [E-27).

(E-27) MVB, = (K45°QTv4,, «+ K46'QTY4‘,,,)/K97.
Where: Mve, = Markest value (in ¢ U.S.) of all breastmilk produced in year T. QTY4,, = Toul liters of
breastmilk produced by mothers in locauon *L* inyear 7. K97 = Exchange rate - local currency per one

"~ U.S. dollar. K45 = Market value of one liter of breastmilk substitute in fural areas in local currency. K46 =
Market value of one liter of breastmilk substitute in urban areas in local Currency.

<
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suggestions of Alim (1983).

cmoffudimhunshomnotbnuﬂudim). Fammnum.mmsﬁmbmmm
squals the markat value of breastmilk produced (OW‘)huafm:ﬁmofﬂutmmlddeeodfw

the mother (K202). Equation [E-28] estimatas ths uvinos.A
[E-28] SAV1, = (1X202) * MVB, .

with breastieeding.

E.S. Current Worker Productivity - iron Related.

Levin et &/ (1993) report that worksrs with iron deficiency anemia are less productive at physica! labor
than non-anemic workers, pioducing 1.5% less output for every 1.0% their Hgb is below standard.®
PROFILES 2.0 uses this resutt to estimate the effect of iron status on the productivity of agricuitural workers.
in order to apply this model, the average iron deficit of workers in the Country must be obtained £o that the
relative productivity of anemic and non-anemic workers can be estimated.

In the Bangladesh application, the distribution of iron levels in rural adults was obtained from the
Bangladesh 1989/90 Nationa! Nutrition Survey (BBS, 1991), with the result that anemic workers are estimated
10 be 80.5% as productive as non-anemic workers in Bangladesh, ®

In order to estimate the value of this lost productivity in the sgricultural sactor, the Gross Domaestic
Agricuftural Product for 1989/90 is attributed to anemic and nor-anemic agricultural workers according to their
prevalence and relative productivity. ‘The average anemic agricultural worier in Bangladesh contributed $281
(U.S.) in the base ysar and the average non-anemic agricultural worker contributed 4324 (U.S.)."

The mode! assumes that in the future, enemic and non-gnemic agricultural workers will continue to
contribute $261 and $324 per yesr respectively to the Gross Domestic product (GDP), and that the agricuitural
work force will stay at the $ame percentage of the total work force as in the basge year. it also assumes that
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[E28] GDAPy; = GDAPey; + GDAP_ __,
- 'm‘.HM', + K73’K74'(1-F|M7)l o “93"99'”|my,.

Where: GDAP,, = Cmulbuﬁon(inbnuyurou.s.)ofm'G'tomenroudomu'ticaoricuml
product in yesr T. PRy, = hvalumofkmddidmhyw'l’haddu(popuaﬁoncateoorma,dand
Bl K73 = Pmductivnyofmmmmmicwo&uuahcﬁonofﬂumdwﬁmyofmavmoem
anemic worker. K74 = Average annual productivity Per anemic sgricuttural worker in base year in $ U.S,

The default values for K73, K74, K98 and K99 h Bangladesh are, respectively, 0.805, 6281, 0.84
and 0.70.%2

Each of thege disabling nutritional events fyenerates a lifetime of reduced wages. In order to estimate
the vaiue of the lost wages, PROFILES 2.0 defines a disability factor for each type of svent which quantifies
the proportional reduction in productivity (K7.K55,K56,K69,K70)). The annual wage in any future year is
assumed to equal the current Sverage annual wage {K112) adjusted for the disability factor and for the current
employment rate (K111). These adjusted annual wages are summed for all productive years after discounting

labor force (K114, K1 15), an annual discount rate reflecting the time value of resources (K1 13), the age, a, at
which the disabling nutritional svent occurs, and the probability of surviving from ages "a° 1o each future wage
eaming year.® When the iHetime discounting factor is combined with the current sverage annual wage, the
employment rate, the disability tactor and the number of children who sutfered the disabling event in vear T,
the result is the discounted lost future wages for year T,

Computed this way, lost future wages are an indication of future productivity that is [otentially lost

due to cument nutritional deficiencies. PROFILES 2.0 does not address the issue of whether jobs will be
available, although the employment rate variable (K111) can be altered to reflact whatever assumption the

in the Bangladesh application, the default value for the employment rate (K111) was 75%, and the
detault values for the ages of entry (K114) and exit (K115) to and from the labor force were set at 10 and 84

BEST AVAILABLE DOCUMENT
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[E-30] WAGE1, = POPusr * TBug.r* K55 +1PBg 1 °K58) +K111 °K112¢9(3)
+ POPurer®UTBy 1y ° K5 IPBy.y; *KES) +K111°K112°g(9).

Wnhere: WAGEY, = Tom! discounted lost future wages dmmmwumofwwmrﬁalwndm
occurring inyear T. ITB,; = Incidence ofnowcamoftuulblindmuhmm ‘Ainyesr T. KBS =
Productivity disability trom total blindness., K58 = Productivity disabiiity from partial biind.ass. K111 =
Employment rate. K112 = Average annual wage. g{s} = Lifetime discounting factor for people of age "a"
years, as defined in endnote 33.

E.10.3. MMMUmmme-

Although severa! types of nutritional deficiencies can influence learing performance, only iodine
$tatus is assumed to influence lost future wages due 10 mental impairment. Specifically, in the Bangladesh
application, cretns are sssumed to be totally digabled (KED = 100%), and PMis and CMIs are assumed to be
25% disabled (K70 = 25%). Al new cases of cretinism, PMI and CMI ars assumed 1o occur at birth.
(Therefore future lost wages will be slightty overstated in years when goiter prevalence is dropping because
the decrease in CMis will not be reflected.) The formula for discounted lost tuture wages due to iodine-related
mental impairment (WAGE2) is given in equation [E-31). .

[E-31) WAGE2, = B,*PG,°K64 * K69 + K63°K70) * K111°K112°g(0).

Where: WAGE2, = Discounted lost future wages due to iodine-related mental impairment first occurring in
year T. B, = Live births in yesr T. PG, = Prevaiencs of poiter inyear T. K63 = Ratio of PMI + CMI
births to cretin births. K64 = Proportion of all births 10 goitrous women that are cretins. K69 =
Productivity disability factor for crating. K70 = Productivity disability factor for PMis and CMis. K111 =
Employment rate. K112 = Average annual wage. 9(0) = Lifetime discounting tactor for people at birth,
as defined n endnote 33. :

£.10.4. Lost future wages due 10 stunting.
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mwmmwmwnumsmmmmmm
mmm-mmmmmmwwmmmadm One of thess
studies (Haddad snd Bouis, 1“1)fmmmmducﬁvnyonoﬁalmlwm:hmoud1.3aﬁfu

Another study (Martorell et o/, 1991Homdthnmnﬁng nzzmmaoowumitmmm
sduithood. Therefore, PROFILES Z.O-munum:tmﬁngbadiumwuiﬁond svent occurring at the age

Discounted lost future wages due to stunting lsohuhodbyeombhing the prevalence and disability st
each severity level in the two year old populstion, the employment rate, the average annual wage and the
lifetime discounting factor, as shown in equation [E-32).

[E-32) WAGES, = POP,; ° (PS2a1*K4 +PS121°KB + PS4 KB *K7°K1119K1120g(2).

Where: WAGE3, = Discountsd lost future wages due to stunting at age 2 in year T. PSy21 = Prevalence
of stunting of severity level *V* atage2inyearT. K4 = Adult height deficit ag proportion of normal aduit
height in aduits who were mildly stunted at two years of age. K6 = Adult height deficit as proportion of
normal adult height in aduits who were moderataly stunted at two years of age. K6 = Adult height deficit
s proportion of normal adult height in adutts who were seversly stunted at two years of age. K7 =
Elasticity of productivity in relation to adult height deficit. K111 = Employment rate. K112 = Average
annual wage. g{2) = Lifetime discounting factor for people at 2 years of age, as defined in endnote 33,

in the Bangladesh application, PROFILES 2.0 assumed that the elasticity of productivity with respact
10 stature (K7) equaled 1.38, based on the Haddad and Bouis (1991) study. Data in Burger er &/ (1830)
indicates that the approximate height deficits of mildly, moderately and severely stunted two year olds was b
cm, 7 cmand 10 cm. This transiates into percentage aduit height deficits of 3.125% (K4), 4.375% (K5) and
6.25% (K6), and given the base year stunting prevalences in Bangladesh, 8n average productivity deficit of
5.85%. .

E10.5. Lost future wages due 1o chilg moraiiry.

Lost futwre wages due to child mortality is Qualitatively different from lost future wages due to vision
impairment, mental impairment or stunting in the sense that the dead child doas not consume resources in
future years. The present value of lost future wages due to child (US5) mortality in any year depends on the
number of US deaths in that Year {X.5,) less the replaced deaths (K109), the employment rate, the average
annual wage, and the lifetime discounting factor (o{a)) at the average age of U deaths. Productivity disability
is 100%. The formula tor computing lost future wages due to child mortality is given in equation {E-33).

(E-33) WAGE4, = POPua1 *Xuar *11K108)°K 111 °K112¢ g(a).

47
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Muuamu The Oenveguance Funetions

Whats: WAGES, -,'Mmmmunmwmm Xur = UB mortality rats in
yser T. K108 = Proportion of US deaths replaced by snother birth. K111 Er:lploymuu. K112 =
Average annual wage. gis) = MMimmmmmgeamofusmuab
"a," as defined in endnots 33. )

[E-34; VALY, = (1-Pil;+K204°PiL,)*(Y34°(} +K205)").

Where: VALY; = Monetary value of all livestock production in yesr T, PL, = Prevalence of iodine
deficiency in livestock in year T. K204 = Relative productivity of iodine deficient to iodine sufficient
lvestock. X206 = Annusl Growth rate of livestock production.

Ang: Y34 = VAL1, /(1 - Pily+K204°PIL,).

DRefault values. Total value of meat, milk, eggs and hides from cows, buffalos, goats, sheep, hens
and ducks in Bangladesh in 1992/3 was $1.6 million (VAL,), and the snnual growth rate in this production was
estimated to be 2.7% (K205), according to the Ministry of Agriculture (Burkhalter, 1983b, Working Note 14).
In lieu of objective data, Pil, was set equal to 50% of PG, roughly reflecting that the iodine status of livestock

equal to 50% of iodine sutficient animals, which is the increase found in a study by the Bangladesh Ministry of
Agnculture that improved the diet of farm arvmals (although iodine was not included in the improved diat).

E12. WMmmmmmmw

Many of the consequences have been assigned a value in Monetary terms. Thus, even though these
various monetary values have ditferent maanings, it is possibie to sum them, and in some situations this may
be appropriate. These conssquences are summanzed below.
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Rescriotion

1.chlaeummc”uﬁutycffactofbmsﬂudim
2.Gwommhodmupu\dinnsdmpmrudny
3.Gwmmhoummmmdm-mvidonknm

8. Net cost of braastmilk substitutes

9. Lost productivity due to iron deficiency

10. Discounted lost future wages due to vision impairment
11. Discounted lost future wages due to mental impairment
12. Discounted lost future wages due to stunting

13. Discounted lost future wages due to child mortality

14. Livestock production

Narable Section
SAV2 £3.2
EX1 E7.4
B2 E7.9
Ex3 E7.1
EX4 E2.1
EXE E7.1
By £7.2
SAV1Y E8.3
GDAP E9
WAGE1 E10.2
WAGE2  E10.3
WAGES  E10.4
WAGE4 E10.6
VAL1 E.11
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C2,
C3,
CML,

CC,e

CRET,

AR

EFF,,

EX1,..EXS,

EX6,

Ex7,

Srwstsre and Modols of PROFRIS 2.0 List of Viaslobies

. LIST OF VARIABLES _
Mmmwhmnﬂmhmmn.l

These four variables m.az.aammunwmhwm«nm
M.mmuwmmmw. (Temporary viriabies
whmmmmfmmmm)

Cocfﬁdommodhmmupuﬁmﬁmmﬂnmvdmmmpmnw. (Lower case
'b'mwammmmmmmwmmi
demhbuﬂon't'hvwwwvm. :
m«mmmmmvmmmmmmmm).
waMwMMmmM)mhmv

Tculeomofprognm.lhymﬂproonmvuiabm.
Scumeonofmnthwabrocnmmuo).
wmmmmmemmm.mumua
function of program coverage. (program varigbls.)
Exmmionconwmwbomﬁciuyaddodmmmnuoqmmnmnmdwtsh
ywﬂ.&numdfnduaiwcﬁonofproomncovm(hooumvm.)

Coverage of program J in its primary popuistion group in yoar T, where coverage is the
fraction of the total primary group reached by program (program variable).
Number of cretins alive in year “T* {consequence varniabls).

Number of deaths in 806 group “A* of gex "S° residing in location °L"® in year T (both a
Consequence and s demographic variabie).

The degree to which the Coverage of two programs  and k) overiap, specifically, the
proportion of the coverage of the smaliorcoverape program that is not also covered by the
largercoverage program.

Ettectivenass of program J in reducing the Correctabie deficiency of its primary nutritional
indicator {in the savernity categones representing deficiencies) in the primary population group
in year T, whare effactiveness is » number between 0 and 1 representing the fractional
reduction in the correctable deficiency, and correctabls deficiency is the difference bstween
the base year prevaloncs and the residual prevaience it the maximum impact is achieved
{program variable).

Annual total government haaith expsnditures in yesr T associated with U morbidity, U4
vision impsirment, direct US monality, US monality replacement and birthing, respectivety
{consequence variabies).

Annual total government health expenditures related to nutritional tactors in year T, namely
the sum of EX1, through EXS, (conssguencs variable).

Government expenditures in year T associatad with primary school repeaters (consequencs
variable).



FRas

ofa)
G1,
G2,
GDAP, ;

P8, ,

T8, ,

Relational - PEM

K1

K2

K3

K4

KS

K6

K7

K8

K9

K10

Swetare and Modaly of PROFILES 2 0- List of Vadahies

Fuﬁﬁtynuofwomh:goorom 'A"duimvw"l‘lfwadjmﬂngfwnuuiﬂonmm
(demographic veriable). _

anwomofﬂ.oom‘n'mhhmmmmdimmm.
ofK‘l‘latu:odindoﬁdﬁonofg{n)).
Afmctionttmcompumﬂ\epmbawhvtfmapmmh'a'ymddwmmmm
°x® years of age (used in definition of g{a)).

Contribution ﬁnhuoywou.s.)ofpopdaﬁonm'A'toﬁuomdomﬁcloMml
product in year T (conssquence variable). ‘

lncidmaofmwmuofpuﬁalbﬁndmhamm "A® in year °T" (consequence
variable). .

Incidence of new cases of total blindness in age proup A" in year *T* (consequence
variable). .

Relative diarrhes morbidity in days sick per year with disrrhes of mildly underweight children
aged 1-5 months compared to normai weight children of the same age. {1.125) .

children aged 1-5 months compared to normal weight children of the same age. { 1.250)
Average adult height deficit as a percent of normal adutt height of children who are mildly
Stunted at 2 years of age. {3.125)

Average aduht height deficit as 8 percent of normal adutt height of children who are
moderately stunted at 2 years of ape. (4.375)

Average aduit height deficit as s percent of normal adult height of children who are seversly
stunted at 2 yesrs of age. {6.250) .

Percent productivity decrease (or increase) in adults per one percent decrement (or overage}
below normai height. {1.30)

Exponentiation factor in the relationship batween severity of underweight and relative risk of
death in infants aged 0-5 months. {3.63)

Exponentiation factor ir: the relationship betwesn soverity of underweight and relative risk of
death in children sged 6-59 months. {3.63)

Relative risk of repeating first grade by stunted children compared to non-stunted children,
{1.0)

4]



mum.)mae List of Viesishieg

mwum.mnmuwwmmum

K11
children. {1.05)

Relational - Breastfeeding

K12 wmmmmmhmwmmmmm
aged 0-6 months. {660)

K13 Awmmmmmmwmmmwwmwmmm
aged 8-11 months. (810}_

K14 Ammmmmmmhmwmmmm
8ged 12-23 monthe. {530)

K18 Ammmmmmhmwwmmu\dm
aged 24-35 months. {360)

K16 Pmporﬁmolpommwﬂonofbmsmmtmmoedmmwbopﬁmﬂ
breastfeeding practices in women with intants aged 0-5 months. {0.2)

K17 Propotﬁonofpoumialpmducﬁonofbnnmnkbnonwmmswopﬁml
breastfeeding practices in women with infents aged 6-11 months. (0.3)

K18 Pmpwﬁonofpotmﬁupmductionofbmumnklonmwmoedmmwbopﬁmd
breastfeeding practicss in women with children agad 12-23 months. {0.4)

K19 Proportion of potential production of lost on sverage due to suboptimal
breastfeeding practices in women with children aged 24-35 months. {0.B)

K20 Maﬁvoﬁ:kofneomulduﬂmhhhmwhodomtmubrmﬁndimmndmm
who do. {6.0)

K21 Relative disrrhea morbidity during neonatal period in days sick per yesr with diarrhas of rural
infants who initiate breastieeding compared to thoss who don‘t. {3.91)

K22 Relative diarrhes morbidity in days sick per year with diarrhea of rural infants aged 1-5
months who partially breastfead during this age compared to those who exclusively
breastieed during the same sge. {2.16)

K23 Relstive diarrhes morbidity in days sick per year with diarrhea of rural infants aged 1-5
months who do not breastieed during this age compared to those who exclusively breastfeed
during the same age. {3.91)

K24 Relative diarthea morbidity in days sick per yesr with diarrhea of rural infants aged 6-11
months who partially breastfesd during this age Compared to those who exclusivaly
breastieed during the same age. {1.00)

K25 Relative diarrhea morbidity in days sick per year with disrrhea of rural infants aged 6-11
months who do not breastieed during this age Compared to those who exciusively breastfoed
during the same age. {1.54)

K26 Relstive diarrhes morbidity in days sick per year with diarrhes of rural children aged 12-35
months who partislly breastiesd dunng this age compared to those who exclusively
bresstfeed during the same age. {1.00)

K27 Relative diarrhea morbidity in days sick per yoar with disrrhes of rural children aged 12-35
months who do not breastiesd dunng this age compared to those who exclusively breastfeed
during the same age. {1.00)

K28 Relative respiratory infecton morbidity during neonatal period in days sick per year with

respiratory infection of all infants who initiate breastfeeding compared to those who don‘t.



K31

K32

K33

K34

K35

K36

K37

K38

K39

K40

K41
K42
K43
K44

K45
K46

axclusively breastieed e-.:i_ng the zame age. { 1.00)

aged 12-35monﬂuwhopmiwybm:medduinothhwoeompamdtomwm
exclugively breastieed during the same age. { 1.00)

Relative respiratory infection morbidity in days sick per year with respiratory infection of all
children aged 12-35 months who do not bresstfesd during this Sge compared to those who
exclusively breastieed during the same age. { 1.00)

Ratio cf relative disrrheg morbidity in urban infantg aged 0-5 months who partially braastfesd
compared to those who exclusively breastfesd (K21, K22) to rural infants of the same age.
{2.18)

Relative nisk of death in infants aped 0-5 months who are partially breastfeading compared to
those who are exclusively breastieeding of the same age,. {1.2} '

Relative risk of death in infants aged 0-5 months who are not breastieeding compared to
those who are exclusively breastfesding of the same age. {1.3)

Relative rigk of death in infants aged 6-35 months who are partially breastieading compared
to those who are exclusively breastfeeding of the same age. {0.9)

Relative risk of death in infants aged 6-36 months who ars not breastieeding compared to
those who are exclusively breastfesding of the same age. {1.2) :

Value in Taka of one liter of breastmilk in rural area. {10}

Value in Taka of one Iner of breastmilk in urban area, {30)

Relational - Birth waeight

- BEST AVAILABLE DOCUMENT
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K47
o'ams), compared to well nourished mother a3 indicatsd by norma) (2600 grams or mors)
birthweight. {10.0)

K48 mmummwmwmwmmmmzmom)mw
mmummmw {10.0)

Ke9 mmmhm&wmmmmmmw
birthwaigit (beiow 2500 grams) compared to thoss with normal birthweight. {1.25)

K80 memtmywmmrﬁdhvhdandckwywwm\mnmwmh
neonstas with low birthweight szsmm)mnudmmmmmml
birthwaight. {1.00)

Relational - Vitamin A

K51 mmhmwwmhmwuommmmMA
MumwmemzommmﬁiHmmmm
vitamin A deficient of the same age. {1.263)

K52 mauamwmmmmatmmmmmmwwmsz-1.o
for children over 5 years). {0.5)

K83 mwommmmmwmaowosmmmMAdmdmuwww
ssrum retinol below 20 ug/di mmmdtodildmwhoaranmvitaminAdcﬁdmofh
same age. {1.82)

KB4 Rohbvomkofduﬁ:hdﬂdmaood&BBWWmvaddlmumu
by serum ratinol below 20 ug/dl compared to children who are not vitamin A deficient of the

) same age. {1.82)

K55 Reduction in productivity due to total blindness. {0.50)

K56 Reduction in productivity due to partial blindness. {0.20)

K57 Proportion of nightblind children that 40 totally blind. {0.05)

K58 Proportion of nightblind childran that Vo partially blind. {0.05)

K59 Annual average government expenditures to care for one totally blind child over the
expenditures for a normal child in Taka, {20)

K60 Annual sverage government expenditures to care for one partially blind child over the

expenditures for a8 normal child in Taka., {10}

Relational - lodine

K61
K62
K63
KE4
K65
K66
K67

K68

Excess stillbirths per cretin bom. {0.6586)

Excess neonats! deaths per cretin bom. {0.602)

Ratio of mentally impaired persons (M) to cretins. {3.0)

Proportion of births to iodine deficient wormnen (as indicated by goiter) that are creting who
survive the early stages of life. {0.0343)

Proportion of all persons who are mentally impaired due to iodine deficiency (except creting)
whose mental impairment can be Corrected with iodine. {0.10)

Proportion of births to goitrous women that are mentally impaired (including cretins) due to’
iodine deficiency in the mother dunng pregnancy. {0.13)

Relative risk of repaating first grade by children bomn to iodine deficient mothers compared to
iodine sutficient mothers. {1.77)

Relative risk of repaating a year in grades 2-8 by children bomn to iodine deficient mothers
Compared to iodine sutficient mothers. {1.0)
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Kes
K70

K71
K72
K73
K74
K75

K76

mhmuumum)
mhmmmmwwwmmumhmm
mother. (0.26)

MﬁvoﬁakofmlbimmmmwhomkondaﬂdmduNmomncyeomwu
woman who are iron sufficient. {0.012)
mmmmwugmmmmmmmmwmmm

pregnancy compared to motherc. who ars iron sutficient during pregnancy. {0.012)

ﬂnnﬁoofhpmducﬁvityofmkmdeﬁdunmmnlhbunreommmdtohuudwﬁmy
of an iron sutficient manual laborer. {0.805)

Annual contribution to GDP of one iron deficient sgricuttural laborer in U.S, dollars. {$281)
Rdaﬁvewamamabwhyhuysdckwvwwmmmahmommwhoummn
were iron deficient in pregnancy compared to those whose mothers were not iron deficient.
{1.0) ,

Relative respiratory infection nwbidityhdanﬂctwvwwiﬂanspinmry infection in
mmmummwmmwﬁmdwwﬂwmmymmdwwum
mothers were not iron deficient. {1.0)

Relational - Crossovers and interactions

K77

K78

K79

K80

K81

K82

K83

Proportion of infants 3ged 0-5 months of age who ars both vitamin A deficient and normal
weight-for-age, expressed as a fraction of what would be expected if these two conditions
were independent. {0.25)

Proportion of infants 8ged 0-6 months who are both vitamin A deficient and exclusively or
partially breastfeeding, expressed as 3 fraction of what would be expected if these two
conditions were independent. {0.10) ‘

Increased relative risk of death in infants aged 0-5 months who are saverely undsrweight and
who do not breastteed, expressed as 8 multiple of the relative risk of death of ali seversly
underwaight children of this age. {6.0)

Proportion of children aged 6-71 months of age who are both vitamin A deficient and normal
weight-for-age, expressed as a traction of what would be expected if these two conditions
were indepandent. {0.25)

Proportion of children aged 6-59 months who are both vitamin A deficient and partially
breastieeding, expressed as a fraction of what would be expected if these two conditions
were independent. {0.30)

Increased relative risk of death n children aged 6-59 months who are severely underweight
and who do not breastieed, expressed as a multiple of the relative risk of death of all severely
underweight children of ths age. {5.0)

Increase in proportion of pregnant women who are iron deficient and produce low birth
weight babies, relative 1o what would be expected if these two conditions were independent.
{0.30) K

Relational - Global

K84
K85

Proportion of children fepeating first grade in base year. {0.05)
Proportion of children repeating in grades 2-6 in bage year. {0.06)
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K91
K92
K93

K84
KS5
K98

K97
Kss

KS9

K100
K101
K102
K103
K104
K105
K106
K107
K108

K109
K110

K111
K112
K113
K114
K115
K116

K201

Ammﬂ”wmmm&mmhmmm. {62.2)
Avmumbuofdlnpuvurwmw 1-Bmmddr.wlu\dlmmhﬂn

Awmmdmﬂnumw&ﬂmwu.damyhuhuhm
base ysar. {52.2) '

Awmdmnnumw 1zﬂmam'mdckwlmdhntmhm
base year. {15.7) :
Ammmnwmunwmmmd&mww.cﬁmhmm
year. {28.6) _
Avmmmmannywmmwl-BMMdckmmm
infection in the base ysar. {25.6)
Ammmmb«ofdayapuywwamwﬁ-ﬂumiunmdckmum
infection in the base ysar. {100.7)
Amoombuofdanpuywdﬂdmwu-umumumﬂckwmmm
infection in the bass year. {0)
Ammmysﬁ&wm\n:dmmw”ﬁmmmmﬂicmm)
Avmmmmmmmmmwvidt.(sa.ﬂ
Avmmdanwimmkwmwmme&icvidt.{m.ﬂ

Exchange rate in local currency per U.S. dollar, which is taka per dollsr in Bangladesh, {39.4)
Rtnllaborforceurﬁdpationma:proponionohumnlmam 15-64 years
participating in labor force. {0.84)

Proportion of entire rural labor force working in agricultura! sector. {0.70)

Proportion of 8 yesr olds thst were enrolied in school in base year. {0.88)

Proportion of 7-10 year olds that were enrolled in school in base yesr. {o.89)

Annual government expenditures per primary school student in Taka in base year. {400)
Stillbirths per 1000 live births in bese yesr. (35.7) .
Average cost to government per clinic visit in Taka. {30}

Government expenditures associated with ona child death in Taka. {4)

Government expenditures associsted with one birth in taka. {80)

Aversge age in years of child deaths in children under 5 years. (2.0)

Annual average government axpenditures associated with providing health servicas to one
child under age 5 years in Taks. {184.4)

Proportion of all under 6 deaths replaced aventually by another birth that wouid not have
occurred if the first death had not occurred. {0.20)

Gross domestic product (GDP) in the agricuitural sector in millions of U.S. dollars in the base
year (1980). {¢8,466)

Employment rate among parsons aged 15-64 years. {0,.75)

Average annual wage in basa year in U.S. dollars. {$387)

Annual discount rate. {0.03)

Aversge age to enter labor force. {10)

Average age 10 exit from the labor force. {64)

A composite refiecting the effect of all factors excapt lactation (especially marriage,
Comtraception and induced abortion) on total fertility rate. {168.75)

Average IQ deficit in individuals whose mothers were iodine deficient during pregnancy
relative to those with iodine sufficient mothers.
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MR,y
.QMRM

MVB,

ND_,
NMR,  ,

PQ.VAJ

PAVAJ.J

PiRv.ALs

PP8, ,

medhmmmdhmm mbmfoodiuhcum
maothers. :

Coctoﬂunwmmm;htu.s.mmTFRbym.
mmmmMMmmmWMo’-muw

Lost IQ points due to odine deficiency in age group *A® (A = *g* for newborns; A ="POP* for
mmwuhyw—ﬂ‘(wmvuw.

chﬁonwhououwhunhmmafﬁnmmuuh,.u.
Nunbuolmnﬂgnmnafux'S'mwhqmm'A'duinwa{demogm
variable).
mmmmmmemwum.mmmmmmmMm
moﬁtycategoqofmuiﬁonucondiﬁmwatorthopmﬁonompAhmbufmmo
to 1 representing the proportional ndmﬁonhﬁnbucywuwﬂuu).

Mortality rats in age/population group 'A'hm"r‘mwmoﬁtylevm(demoom
variable). (X, is used to dencte mortality by ssverity level.)
Momﬁtyntaoivmhﬂnwemdmoddlﬂoubbfwm'A"nvurTlcroullluvcdty
lcvoh(dmgnphicvuiable).

Estimated market value in $ U.S. of breastmilk produced in year T (consequence variable).

Number of neonstal deaths in location "L" in vear T,
Neonatal menality rate in population group A" residing in location *L® in yoar °T* {both s
Consequence and a demographic variabie).

Prevalence of saverity lavel *V* of nutrition indicator *Q" in age proup “A°® in year T,
(Temporary variable used in endnote on severity level mortality.)

Prevalence of vitamin A status “V* for age group "A° residing in location °L® in year "T*
{nutrition indicator).

Proportion of newboms that initiate hreastfeeding residing in location *L® in year °T*
inutrition indicator).

Prevalence of cretins in 30e group “A” residing in location *L® in vear T (a consequence
variable).

Average duration of breastieeding in months in location "L® in year *T™ (nutrition indicator),
Prevalence of freding mode "V* for age group °A°® residing in region °L* in year *T* {nutrition
indicator),

Prevalence of iodine status “V* {as measured by goiter) in total population residing in location
L in year *T* {nutrition indicator).

Prevaience of iodine deficiency in livestock in vear T (prevalence variable),

Prevaience of iron status *v* in population group "A*® (A=1 for U5 children, A =2 for school
children, A= 3 for hon-pregnant women aged 1649, A4 for pregnant women, A=B for
men aged 15-49) residing in location °L* in year *T* (nutrition indicator),

Prevalence oi panial bhindness in age group °A* in vear °T* (s consequence variable, not a
nutrition indicator).

Number of permanentiy mentally impaired (dua to iodine deficiency) persons alive in year *T*
(consequence variable). Used in intelligence consequence function,

.74



Sirmstwe and Moduls of PROFILES 2 0- Lint of Vasiabiss

arvi,
arva,,
arva,,

QTve ,

RP

Sass

*Sar

SAV1,

SAV2,,

SB,
SOURCE, . ,

SR

mh»ﬂmﬂm'#ﬁm's'hm"‘“ﬂwwwuvmm
mummmmmmmmwmam”
mmunnmamkunm.
mmm«mwmmhmmam;v-mh
haﬂon't'hyw'r'uwuiﬁoni’w. S
muwwuuhmm%'hm'?hmmvwm,ma
nutrition indicator), ‘
Pmnlmuo!childmnlnpopulnionomw'A'miawhlocaﬁon'l.'whoanhmdomdom
Myumow'V'hyw'T'memd.hucﬁmEnhmwwmm
Mmusmmmmmwmmmuw. _
demofcﬁldrmhpop&ﬁmomw%'nddhahbaﬂon't’whmhuﬂdwdgm
mw'whyw"rmwmtummmmwmmwm.
Ptopaﬁonofnuﬁvobiruuhbcaﬁon'vduimnu'?ummhbmmhtmm
category *V* (nutrition indicator).

Towpomwmdmﬁmofmw&hnobn't'hﬁmmyurﬂcomoqm
variable).
Louofpotonwprodpctionofbnmhlmhnoion't'duhaydemto
prevalence of no breastiesding (consequenca varisble).
mmmmmmWthm'L'mewam
prevalence of non-optimal partial breastiesding (conssquence varisbls).
Esﬁmtodcmlmmoducﬁonofbrumnkhlunhmbn *L® during year T
(consequence variabla).

Number of children who are repeating grade *G* in yesr °T,* where G ="1" for first grade
and G+°2 +° for grades 2-8 (consequance variabie).

Reduction in prevalence in the deficient severity category of any nutritional indicator due to a
particular program or package of programs, as g proportion of the base year prevalence.
Subscripts denoting program Wi, nutritional indicator (Q) snd time (T} are implied but not
ususily written in this variable. (Temporary variable used in program saction.)

Number of days sick with diarrhea of respiratory infection during year "T™ for il individuais in
808 group "A° residing in location *L° (consequence variable)..

Number of days sick with disease “b° (diarrhas = *d" and upper or lower respiratory

infection = *r*) dunng year *T* tor all individuals in 8ge group “A°® residing in location °L®
(consequencs variable).

Nationa! savings in $ U.S. associsted with breastfeeding over substitutes in vear T
(consequence variable).

Monetary value in 8 U.S. of fertikity etfects of increased breastfeeding in year T over the base
year,

Number of stillbirths in location °L® during yesr *"T* (Consequence variable; not used in
population modal).

Proportion of all costs of type C (startup, maintenancs or expansion) in program J that are
paid by source F in year T, where: F w *1° for govemnment/donor total, "2° for .
government/donor additional, *3° for toreign (hard) currency, “4° for commercwi, *B* for
family cash self-pay, and *6° for tamily inkind.

Sex ratio; the ratio of male births to female births (demogpraphic variable). {1.05)



VALY,

WAGE1,
WAGE2,
WAGE3,

WAGE4,

Xy
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Mmmyvdwofalllivcmekpmducﬂonhvwl’.

MmmmmdmmmmmwwWMWhym
T (consequence variabis).
Discotmodbstlmmwaouduotomwmuofmumlhuhmmduetoiodimdﬂidmcy
occurring in year T (conssquence variable),
Discoumdlostfuunmmduemmmmnzmohwhywﬂcomeqm
variable).

Discounted lost future wages due to child (US)mommyhwa(conuquence variable).

Morulity rate for persons in saverity level *V* of a particulsr indicator; invariant over time.
Temporary varisble used in derivation of mortality rates from relstive risk of death variables.

Temporary Variableg

Y1,

Y2

Y3,,

Y4,,
Y5

Y6,
o

Y8,

Y9,

A constant calculated from base year data and relational variables snd used in computing
stillbirths.

The proportion of the population in coverage combination *X* in year *T.* Used in the
formula for estimating neonatal deaths.

The relative risk of neonatal death in coverage combination "X® in yesr °T.® Used in the
formula for estimating neonatal deaths.

A constant calculated from base year data and relational variables and used in computing
neonatal deaths.

The proportion of the popuiation in coverage combination "X* in year "T.* Used in the
formula for estimating deaths in children ag=d 1-69 months,.

The relave risk of neonatal death in coverage combination *X" in year °T.* Used in the
formula for estimating deaths in children aged 1-59 months.

The reduction in the ioint prevalence of vitamin A deficisncy, normal weight-tor-age and
partial breastfeeding due 1o non-independence of vitamin A deficiency and normal weight-for
age, in year °T.*

The reduction in the joint prevalence of vitamin A deficiency, normal weight-for-age and no
breastfesding due to non-independence of vitamin A deficiency and nurmal weight-for-age, in
year °T.*
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Y10,
Y1,

Yi2,

Y13,

Y14..Y18

Y17

*vig,
19,
*v20,
w21,
Y30..Y31
¥32,,
v33,,

Y34

year. Uuduleonmmhﬂwmomutyﬁm'
Ammmmmemwmvmwwhcomm
neonatal morbidity due to dissase °b° in location °L.°
AcomnmulctumdtrambauyurMmdnhﬁomlnﬁaNumdwdincompuﬁm
morbidity due to dissase °b® in ths 1-5monm|oogromhloaﬁon *L.°
Ammulmmmeyufmawmvmwwmmmm
morbidity due to discase *b® in the 8-11 month age group in location "L.°

A constant calculated from base year data and relational variabies and usad in computing
morbidity due to diseasa *b°® in the 12-59 month age Qroup in location *L.*

Coistants calculsted from base year data and relstive school repeat rates for first grade and
grades 2-8. Used in school repeater function.

Prevalence of CMis + FMis of 8pe A% in year °T.* Can be 8pproximated by Y32, , =
K63°PC,y. Used in school repaater function. :

Decrease in prevalence of stunted children of age *A” from base year to year "T.* Uged in
school repeater function.

Pasrameter reflecting theomtical maximum production of livestock in base year it thare were
no iodine deficiency.
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ENDNOTES

peding praviience as n. parﬁalumdeoﬂoodimbuolmmluu.
ﬂnth,mmporﬁonafaldﬂdmhm'A'mnhdbyammmmdeonmayohmcy.wm

2. i . The prevalences st which the four Vitamin A saverity levels (PA,,PA,,PA, PA,)
Constitute a public health problem are in the-ratio of 20, 10, 2 and 1. West and Sommer (1984) provide public
heaith problem prevalences for PA,, PA, and PA,, while Humphrey et o/ (1982) note that PA, is about ten times
PA, in high VAD countries. However, Bloem et &/ (submitted) note that in some countries where nightblindness
(PA,) isin the 1-3% range, more than 50% of the children were vitamin A deficient {PA,). Data presented at the

Provalence of VAD by Severity Level
PA, PA, PA, PA,
VITAL/USAID 12-60 m 11.2% 0.1%

VITAL/USAID 21%
VITAL/USAID 1-6 yr 15.4%
VITAL/USAID 12-72 m 5.9%

VITALUSAID

Coimbetore

Lsctating

Muhilal
Non-lact

derivation uses four kinds of information: (1) relative nisk of death by severity lavel, (2) base year mortality rate
N the age group overall and by seventy lavel, (3) mortaiity rate in the 806 group by year as predicted by the
population growth model and 4) populatian in the 80¢ group by yess. Similar information is required for the
denvation of morbidity rates. The simplest situation s when there is only one indicator influencing mortality and
that indicator has only two severity levels, such as birthweight. The derivation proceeds as follows in thig
situation. (Assume the derivation applies to a particular age group, and all variables are subscripted for that age
group.) First soive equations [1), 12) and {3) below for Xy5, the monality rate of heslthy individuals in the base
yoar. Then substitute the resuit into equation [2) and solve for X105, the base year mortality rate of unhealthy
{deficient) individuals.

{1 MR, °*POP, = Pyo*POP,°X, , + Pys®POP,* X, .

1)

BEST AVAILABLE DOCUMENT
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14) Xis = MR,/ Pu""‘:""u'na’-
(5) Xso = Ry°MR,/ Pro+Ry+Pyy°Ry).

Amuhybvdmuulumhwfumm.tbhﬂnmmwbwm base yesr
mmliwmouﬂnovmlmnlwmhvw'rmn,)bwmmmmmhmuumm&),
m.x,,,wx,_,mmummwmoammmwmm.

18) : Xiv = MRy /(P +R,+P,,°R,).
7 Xoy = n,'MR,HP.,,-bR,-bP,,,'R,J.

A similsr procedure unbomdhdnnﬂuuwm\mmm'mmmmuwd\umm-fum which
has four severity levels (normal, mild, moderate, severe). in this case, the procedure is to soive equations (8], [9)
and [10) below.

18} MR,'POP. - P,,'POP.'XM *en Pu.m..&‘c
19) R:'xu’xta:na'xio’xtn:&"‘na’xla- .
l’ol P.‘ *oet Pu - 1 .

4. jlf i .&daofmmmwammoddfcrﬁﬁwubh:oivumao&mm
rates (ASFR) by 5 yesr increments tor different total fertility rates (TFR). Each of the nine standard model kfe
tabies gives one year survival probabilities for sach year of kife (ASSR) for different life umnndes-at-b}ml (LE).
As the projection period advances and TFRs and LEs change, PROFILES 2.0 uses the correct ASFRs and ASSRs
selected from the mode! tabiles.

5. Formyt r ini rams. The formulas for calculating the components of prevalence reduction
in eptions 1 and 2 are given in End-Table b.1.

MTMS.!:MMW“M.“MM

Coversge
Combination cov, cov, cov,, TYotal
Cover: Tote! Overigp iy, - cov, cov, o cov,
Cover: No Overigp uov, 0 ;:OV. cov,+cov,
Ettect: Not Additive EFF, MAX(EFF, , EFF,) EFF, ns
Ettect: Additive EFF, EFF,+EFF, EFF, na
Maximum impact MIMP, MAX({MIMP, , MIMP,) MIMP, ne

NOTES: (1) COV, > cov,. (2) MAX(a, b...., n} equsis the largest number emong a.b...n.
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o
and Not Additive, and (3) No Overiap and Additive Effectiveness. However, the two "No Overiap® options always
produce sxactly the same reduction in prevalence, namely (COV,°EFF*, + COV,°EFF,*MIMP,). The "Total
Overiap/Additive Etfectiveness® option yields thOV,-COVJ'EF,'MlMP, + COvV,° ,#EFJ'MAX(MIMP, .
MiMP,}), which reduces to the RP{reduction in prevalence) yielded by the No Overlap options when MIMP,>MIMP,.
hmmwmmm,>wm. the marginal effact on RP ig likely to bs gmati. Therefore, in order to simplify
user decisions (especially in default and standard mode), they are combined into a single option.

stillbirths iodine status usas an excess mortality modes! and ths remaining two indicators form four subgroups -~
sutficient iron/normal birthweight, sutficient ironlow birthweight, deficiant iron/normal birthweight, and deficient
ironflow birthwaight.) (5) Express algsonsically the pravalencas of the subgroups under tha assumption that the
occurrence of the variour severity cetegories of the differsnt indicators is independent. (For stillbirths, thig
produces the following fowr prevalancas: FIR, *PW, , PIR,*PW, , PIR,*PW, , PIR,*PW, .) (6) Adjust these
prevalences for non-independsnce by adding of subtracting a proportional amount where eppropriats. (For
“stillbirths, a fractional amount was added to the first and last subgroup prevalences and the same

subtracted from the second and third subgroup prevalences 1o reflect ths higher than random likelihood of iron
deficiency and low birthweight occurring togathar, thus, FiR,*PW, + o, FiR, *PW, - 8, PIR,*PW, - ¢, PlR,'Pw,-n,

the assumption that the relative risks of the individual indicators and geverity categories involved in the subgroup
all multiply together to produce the subgroup relative rigk. {For tiilbirths, this produces tha following four
subgroup relative rigkg — 1.0, K47, K11, K47°K71.) (8) Adjust these relative risks when the multiplication
assumption does not hold. (For stillbirths, no adjustments are necessary. The only interaction in PROFILES 2.0
which permits an adjustment is the combination of sovers underweight and no breastfesding, in which the
unadjusted product is muttiplied by K79 or K82 depending on the age.) (9) Estimate mortality rates for each
subgroup using base year sstimates of prevalence and mortality for the entire 80e group according to the
procedure for estimating montality rates from relative risks described above. (10) Calculate the number of deaths
in each subgroup as the product of the mortality rate and population for the subgroup. ({11) Caicuiate the tota!
number of deaths in the ape group by summing across all subgroups.

8. (1) Alam er o/ (1989), (2) Bairagi er &/ (1988), (3) Cogill (1982), (3) Fauveau er &/ (1990).

8. Relation of goiter i lence. Based on an analysis of the limited existing data, Clugston
er a/ (1987) found a nondinear relationship between the goiter prevalence and the cretin prevalence in a
Population, which they approximated by the formula in equation [1] below.

1] CP = explby+b,PG +b,(PG)I1 « exp(b, +b,PG + b, (PG)2)).

Where: CP = cretin prevalence; PG = prevalence of goiter; by, = -5.394; b, = 15.7886; b, = -8.803; and
“expix)® means “g* (2.718...) raised 1o the x power. This relationship and the data used in deriving it is
approximately linear for goiter prevalence (PG) in the range 0-40%, namely CP = 0.0343°PG. For values of
PG>40%, the linear approximation underestimates the value given by the non-inear formula. Presumably, these
relationships assume that PG is fairly stable; otherwise, recent changes in PG would produce proportional changes
in CP as wall as in births of cretins. (See Burkhatter, 1993b for additional information.)



MWMMAwMﬁm hmvmmwnpmmaio-imbndwﬁonh
12-58 month oids and 3-8% in 8-11 month olds in low VAD sreas,

base year deaths of VAD children = {0.23)°Dy g + (0.77)°PA,°Dy,,, 8nd base year deaths to healthy (non-VAD)
children = (0.77)°(1-PA° D q. Mortality ratss and the relative risk of death sre easily Calculated from the
number of deaths.

12.Enm1|_tqummim_mumm. The formuda fuu&m&thdlﬂl&Mhlwwa(S&)h
given below. The derivation procedure is described in sactions E.1.1 and E.1.3, and in Burkhaiter (1883b).

S8 = B,'KB‘I'KM'PG, + &.M&MM ¢ M’(PW,J'F‘R,,M-I-YH)
+ YZ'K71'(PW|"' 1= Yl
+ Y2°K&7°(PW,,*PIR, ., - Y1,)
+ Y2'(K47+K7”'(PW,J'HR“7+Y17”.

general population in year T. PiR,.y = Prevalence of pregnant women in year T that are iron sufficient (Vu=1)
or iron deficient (V= 2}, PW,: = Proportion of all ive births in year T thst are normal (V=1)orlow (Va2). K47

women, as indicated by normal birthweight. X861 @ Excess stillbirths per cretin bom. K64 = Proportion of
hve births to odine deficient women that are creting. K71 = Relative risk of stillbirth to women who are iron
deticrent dunng Pregnancy, relative to iron sutficient pregnant women. K83 = Increase in proportion of pregnant
women who are iron deficient and produce low birth weight babies relative to that expected if the two conditions
were independent. T = 0 signifies base year.

Am: Y‘] - K83'PW._7'PIR,‘.1 .

Y2 = (SBy/B, - K61°KE4°PG,) / [IPW,°PIR, o) + K71°(PW, ,*PIR, , ;)
+ K47 (PW,,°PIR, ) + (K47 +K71)°(PW,,+ PRy, 5) + Y1),

Where: Y215 a temporary variable that is a function of base year data and relational variables. Y1 is s temporary
vanable expressing the rate of additional low weight births 1o iron deficient pregnant women over that expected
assuming independence during year T.

13. Emmmmmmmmm The formuls for estimating the number of neonatal deaths in any year
T (ND,) 15 given below,

ND, = B,*K62°K64°PG, + 8, * (“®©NMR, MONMR,)
* 1(Y3,°Y5)+ N3,°x72°v5hw3,°x20°v5)+m.°x20°x7z°v5)+¢v3.°x48'v5)
+w3.°x48°x72°vs)+m,°x20°x4a°vs)+cva.'xzomw'mz'vsn.
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hmwbotmﬂmdonotwﬁaubnumodim. K48 = Rdaﬁveﬁskofmulmmmociatodwim.low
birthweight. K62 = E:eoumomulduﬂupumﬁnbm K64 = Pmportionoflivcbirmstoiodimdcﬁeiun
women that are creting. X72 -.Rﬂaﬁveﬁskdmomwuummwomenmareimnduﬁciemduim
pregnancy, relative to iron sufficiant pregnant women. K83 = increass in proportion of pregnant women who
mlrondaﬁciommdproduulowbirthweiohtbabiuullﬁvomﬂmupectedﬂthetwocomniomwm

independent. T = O significs base year. —
And: Y3|J - PW,::'PB,J'FI&,,J*»YI' . Y3“ = PWU'PB,.ML'*»YI' -

Y31 = PW,;°PB, . *PIR 5y - Y1, . Y3¢r = PW,,°P8, PR, ,, - Yi.
Y31 = le.f.nzt."&.lﬂ"’vlt . Y3y = Pwl.t'nu"&.i,t"‘v‘t .

Y= Ml.f.nl.l.”ﬂl.l,l -Yi,. Yigr = PW,y,* PR gy = Yy
Ylt = K83'PIR‘_,_7'PW,.' .

Y4, = 1.0, Y4, = K48,

Y4, = K72, Y4, = K48°K72,

Y4, = K20. Y4, = K20°K48.

Y4, = K20°K72. Y4, = K20°K48°K72.

Y5 = (YONMR, - K81 *KB4°PG,) / (Y3,,°Y4, +Y3u'Y4,+...+Y3u'Y‘.).

14. Formyla for estimati . ity. The formulas for estimating the number of deaths in children
80ed 1-5 months, 6-59 months in vear T are given below. Note the formulas are simitar except for certain
relatonal vanables. The indax numbers for the 20 coverage combinations (used in temporary varisbles Y8 and
Y7) are given in End-Table 14.% below.

No VAD (PA1) VAD (PA:)
Full BF Partial BF No BF Partinl BF No BF
(PF1) (PF2) (PF3) {PF2) (PFQ)
Normal PEM (PU1) 1 2 3 4 5
Mid PEM (PU2) 6 ? 8 9 10
Moderate PEM (PU3) LA 12 13 14 15
Severe PEM (PU4) 16 17 18 19 20
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Dyar = POP; ** MR, 4 /*OMR, , * VB1oYTir 4 e 4 YB3y *Y7 ).

Yhers: W‘wumuwmw#ﬁumhmt. POP; = Popuistion of 1-6 month oids
v -

inyearT.
- mmmmhAmmhmunyhvdVohoomAhnuT. PRar = anllencooﬂuqu

betwomweiaht—for-cmmdnlaﬁvari&ofduﬂum%mom KE3 = nhﬁvoﬁ:dehviumhA
deficient children oged 0-56 months. K41 = nehﬁvoﬁskofduﬂ:ofurdalybmmodtowlvbmsﬂodam
infants 0-5 months, K42 = mm-mmmmmmmwmfuwmmmamosmom
T = 0in base year. .

And: Y8,..Y6, are temporary variables that give the pravalencas of the different coverage combinations and
are defined according to End-Ta_blo 14.2.

No VAD (PA1) VAD (PA2)
Full BF Pertial BF No BF Partial BF No BF
Normal PEM PUISPFISPA,  PU,*FF,°PA,+  PU,*PF,%pa, PU, °PF,*PA, PU, °PF, °PA,
Y8+Y10 +Y8-Y10 -Y8-Y10 -Y9+Y10
} Mid PEM PU,PFL"PA,  PU,°PF,°PA,  PU,°PF,*pa, PU,*PF,°PA,+  PU,PF,°PA, +

- Y14°Y84+Y11 . Yi4°YR.¥1y Y14°Y8 - Y11 Y14°YR+Y11

| Moderste PEM PU,*PF\°PA,  PU,*PF,°PA,  PU,°PF,*pa, PU,*PF,°PA,+ P, *PF, *PA, +
YIE°YB+Y12 - Y1B°Ye-v12 | viBevs.vyia Y15°Y9+Y12

Severs PEM PULSPFISPA,  PU,PF,°PA,  PU,*PF,Pa, PUSSPFy°PA,+  PU,PF,*PA, +
-V18°YB+Y1S - vie°Ye-y13 | vieevs . y1s Y16°Y9+v1s

NOTE: Al veriables should be subscripted whh A= 1-6 months end T, except Y14, Y16 and Y186,

Angd: Y7,..Y7, are temporary vanables that give the mortality rates in the ditferent Coverage combinations by
year and are definad according to End-Table 14.3.

END-TABLE 14.3: Definkion of Y7 Variabies

No VAD (PA1) VAD (FA2)
Full BF Partial BF No BF Partial BF No BF
Normal PEM Y17 K41°Y1? Kd2°Y1? K53°K41 KB3°K42°Y17
°Y1?7
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And: Y8; and Y8, are tempora

ry variables used in the calculation

Mid PEM K8°Y1? °  K8°K41 K8°K42 K8°K53 K8°KB3
*Y1? °Y17 *K41°Y17 *K42°Y17
Moderate PEM | KB2*Y17 K82°K41 K8*K42 - KB**KE3 K8!*K53
Y17 - Y17 °K41°v17 *K42°Y17
K8*v17 K82°x41 K78°K8? K8**K53 K79°Ka?
Y17 *Ké2°Y17 *K41°Y17  *K63°K42°Y17

tfntlwoumformnon-indepewmof

vitamin A status and weight-for-age status.

YG' - l‘l-K77)'FUm'PFu'PA".
Y8 = (1K77)°PU, 1 *FF,, *PA,, .

And: Y¥10,...Y13, are temporary variables used in the: calculation that accounts for the non-independence of

vitamin A status and Mm.
Y10, = (1K78)°PU, ,*PF,,*PA,, .
Y"' = "«78,’”;1."'.'.PA'.' .
Y12, = (1:K781°PU,, *PF,, *PA, .
Y13| Ll "*78,'”&1."&1.PA'_' .

ADnd: Y14...Y17 are constants Calculated from base yesr cata,

Yi4
Y15
Y16
Y17

Formyla for

Nu / ‘mu"‘ Nu*mg‘.’-
Nu / ‘Hlu#mui'm‘,’-
PU,, / (PUzo+PU, o+ PU ).
WR'.” I NG.,'W,,#...#-YGM'W“.

The formula for the 6-59 mont olds is exactly the same as the formula for the 1-5 month old, except
the foliowing relational varisbles are replaced:

K77 is replaced by K80
K78 is replaced by K81

K79 is replaced by K82

K8 is replaced by K9

K53 is replaced by K54

K41 is replaced by K43

K42 is replaced by K44

Each of thase new variabies is defined exactly the same as the variable it is replacing except that it applies to the

6-59 month age range rather than to the 0-5 month ag

The formula for the 6-59 month a
The four age Qroups are: 8-11 months, 12-23 months, 24-35 mo.
es (PF vanables) are defined by these age gr,

&dimo feeding mode prevalence variabt

ge range is calculated s
nths and 36-

e range.
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eparately for four a

g¢ groups and then add‘d.
59 months. The reason is that the
oups rather than as » composite.
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Bangiades ns_for morbidi i _underwe 'ﬂldl'tlfmthlhekddﬂﬁu)“
matmsmmwwmuunmrusz.ow.utwmmmwmuh

17. e RID_IRIATON 21 _Dreastiae

0 2 dity. reportsd by
(1880) and Feachem and Koblinsky (1884] are summarized hers in End-Table 17.1. Sorme of the figures in the
uNonobmmWwMmeNywmmﬂbb. Fm&unamhmudmmw
A)

Al Reepirstory infection, 8-11 monthe'
1.78

= 2.7, then
= about 2.0 essuming prevalancs of full and part are the same.
(®) Reiative morbidity of (NomlFumI(anal/Nono)-(Nonol‘P‘nid)-ﬂ-42)I(‘l.20) = 1.13. (¢)
This figure is the relative morbidity of None/(Part + Full). {d) *nd* maans no data.

18. i . The tormuia tor estimating the total neonatal days of sickness due 10 diarrhes
and respiratory infection in 8ny year °T* (S,.q1) is given below. The derivation procedurs is described in ssctions
E.2.1 and E.2.3 of the taxt.

Sieor = ‘sa-uu + 'sa-o.u,t + 'sa.uou.t .
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Whers: - mem&hwadwwdmwnmmymecﬂm. *Sscorr = Total
m'l‘l‘;'doysdmtndm'b'hlocaﬁon'rhyw T POP,oyy = Nmnl population inloc_ation
*L" in yeor °T." MRy, = Pmportionofalllivebimuﬁmimiaubmuﬂoedm (V=1) or do not initiate
bmmmw-zlhbcaﬁon'l.'hvw"r.' PR,y = Provalemaofmqamwomenplocaﬁon'l.'h
nu'T‘ﬁmnnironwmdmN-l)orkmdcﬁciemN-Z). MWy, = Proportion of all live births in location
'L'hfwTUmmmMN-l)uwa-Z)waQm. K2y = Hehﬁvodiarrhumorbidityinnnl
momswtndomtklﬁnubrusﬂudino. K8 = Rcuﬁvonspintoq-mrbidityhmomte:whodonotkiﬁau

birthweight. KEO = Relative respiratory meshidity in neonatss of love birthweight. K76 = Relative diarrhas
Mdmhmmmmmmwu‘mdemw. K78 = Rohtiv_empintpry

And:  *S,oonr = POP,ony ® V18, * lpw'Lv'HRu.l.Y.nt&Y*Y’t'ml&t) + (K49°PW,, )
+ (K76°PIRypy) + (K21°PB 0 ).

'Sa.-o.u,v - POP..e,u,v ¢ ’Y18.,, * llPWmv’PlR,mr'P&m*V't"&m’ + ‘K“.wa-"
+ (K75°PIR, 1) + (K21 *K36°P8, ).

"Sacorr = POP,_q,; ° Y18, * llPWu_r'PlR‘...;.v'P&u*"t'PBu.t) + (KEO°PW,, ,)
+ (K78°PIRy, ;) + (K28°PB,, ,)).

Y, = K83°PW,,°PIR,,,.(Y1isa temporary variable expressing the rate of extra low birth weights
to iron deficient pregnant women over that expected assuming independence during year T.)

.Y'G. - (‘S..”,JPOP.,w) II(PWU,'PIRM”’PB,M-in,’PB,&,) + ‘K‘S.Mm’
+ (K75°PIRy 000 + (K21°PB,, ).

'Y‘lsu - rs‘.o.umpg.w», II(PW,M'PIR,M°PB,M+Y’°°PB|M + ‘K‘S.Mw,p,
+ (K75°PlRyyg) + (K21°K36°PB,,0)),

'Y'a‘ - rs..omp‘.w) , "M‘u’"ﬂ,.‘u.miu*y’o.mld + ‘KEO.PWM)]
+ (K76°PIR,,,. ) + (K28°F8, ).

Where: “Y18, and Y18, are temporary variables that are a function of base year data and relational variables,
{Some early versions of Profiles 2.0 used a single expression for *Y18 rather than different expressions for ‘vig,
and 'YIBU . hamely, ('S..o_..u_JPOP._”,u,) / “Pw\.o.HR\AJ.NIJOU.O"Y’O.NIJOU.D, + ‘K‘s.Mu, +
(K75°PIR, . 5) + (K21 *PByao+K21 *K36°PB, 0)).)

18. r_Si in_1- . The tormula for estimating the total days of sickness due to
diarrnea and respiratory infection in the 1-5 month age group in any year T (Sy.0.1) is given below. The derivation
procedure is described in sections E.2.1 and E.2.3 of the text.

Siay = ‘Siaay + ‘Siaur + 'sn.uou,l .

Where: S,,, = Total days sick in 1-5 month 20e group in year T due to diarrhes and respiratory infection. 'S,.
ser = Total days sick in 1-5 month age group due to disease *b* in location *L"® in year °T.° POP, g1y =
Population of 1-6 month 80e group in location °L* in year *T.* PFyaiyr = Prevalence of feeding mode "V* in age
group *A® in location *L°® in year °T.° PU, ., = Prevaience of weight-for-age severity level *V* in age group
A" in location °L* in vear °T.° K1 = Relative diarrhea morbidity of mildly underweight 0-59 month olds. K2

BEST AVAILABLE DOCLIMENT
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And:  “S,qar = POPy ., * *Yig, * [PFysant®PUssqny) + (K22°PFy1any) + (K23°PFyy gn )
o + K1 .mg_‘uy’ + (K}'PU,,...,,:) + m’”‘.“lﬂ“- .

s, = POPyuy ® *Y18, * [(PFy v 001 *PUy s quy) + K35°K22°PFy s auv)
T 3BK230PR ) 4 S *PUrsaurl + K2%PUyy gyl + (K3*PU, p g0l

'S,,u_' - POP..;, * Y19, ° “"muy, + CKZO’PF,,“”) + K3O’PF.,,..,.,1)I.

AL T Ry I(PFy,1.000°PUy 1000) + (K22°PFy anal + (K23°PF,,,,,)
+ K1°PUgrans) + (K2°PU, 1 g00) + K3*PU s an0ll.

VI8 = (S, /POP,y,,) / PF1vau0*PUy 10 + (K35°K22°PFy ;4 00)
+ (K36°K23°PF,, 4.0 + K1°PUp a0 + K2°PUy au) + K3*PU, 1540l

VI8, = (8.0 0/POPs o) / [PFy 0 ) + (K29°PFyrarsl + (K30°PF,,q, ).

Where: Y18, and ‘Y19, are temporary variables that ars a function of base year data and relational variables.
(Some early versions of Profiles 2.0 used a single expression for *Y'19 rather than ditferent expressions for Y18,
and Y1 Su ' mm'y. !'S..u.u,JPOP..u..») / “”L‘.u.u.m'.'.u) +(K22 .".J.u_o, +(K23 .F'_',
taoh+ (KIETK22PF 400 +IK3BK23*PF, 1y o) + (K1 *PUpio) +(K2°PU, 4 o) + (K3*PU, 4 o o))

20, i in 8- . The tormula for estimating the total days of sickness due to
diarrhea and respiratory infection in the 6-11 month age group in any year T (Sq.y, ) is given below. The denvation
procedure 1s described in sections E.2.1 and E.2.3 of the text.

[ ] [ ]
sl-ll.! - Suuu + Son.u.t + 'snuou,v .

Where: Sqyy = Total days sick in 6-11 month age oroup in year T due to diarrhea and respiratory infection.
*Sensr = Total days sick in 6-11 month 200 group due to disease *b* in location *L® in year °T.* POPg ¢y
= Population of 6-11 month age group in location °L°® in year °T." PA, ALt = Prevalence of vitamin A severity
leve! *V* in age group *A° in location *L® in year *T.* PFya.1 = Prevalence of teeding mode *V* in age group
*A® in location *L® in year °T.° PU,,,; = Prevalence of weight-for-age severity level "V* in age group "A" in
location °L® in year *T." K1 = Relative diarrhea morbidity of mildly underweight 0-59 month olds. K2 =
Relative diarrhes morbidity of moderately undarweight 0-59 month olds. K3 = Relative diarrhea morbidity of
severely underweight 0-59 month olds. K24 = Relative diarrhea morbidity in partially breastfed rural 6-11
month olds compared to fully breastied. K25 = Relative diarrhea morbidity in non-breastied rural 6-11 month
olds compared to fully breastfed. K31 w Relative respiratory morbidity of partially breastfed 6-11 month olds

to fully breastied. K37 = Urban-to-rural rauo of diarrhea morbidity in infants aged 6-11 months who partially
breastiead compared to those who fully breastiesd. K38 = Urban-to-rural ratio of diarrhea morbidity in infants
aged 6-11 months who don‘t breasttead to those who fully breastfeed. KE1 = Relstive morbidity of vitamin A
deficient 6-59 month olds. T= 0 signifies base year.
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And: ‘8, = . POPyy 07 ® *Y20, * l"‘uuat'"’una.v'n’uum, + (KE1°PAL g4y 01)
nar * CK24'PF“!,‘,1) + (K26°PFyg11a1) + K1 *Plrsviag) + K2°PUy g4y 01) + K3°PU, 54y 01)).

= POPgyy 4y * *Y20, * “PA'.utm'PFuum'wuum’ + KB1°PAL, 0]
Fornar + a:a‘;'-"u":u-rrw.,.,,,) + (KI8°K26°PF g 01 1) + (K1 *PUrsnur) + (K2°PUy g0y 0]

+ K3 .m““‘u”.

Bonur = POP,,y,,, * Y20, ° [PA, 51101 * PRy giiy) + KE1°PA, 410, 1)
+ (K31 .”ung't) + (KSZ'PF““M)I.

o, - ! HPAy 100 *PF i v me® + KB1°PAL . )
“ +f‘:;22.:.;€:"s‘n‘,&f MG'F?:::AA’ r&?"&:‘:ﬂﬂ m'muml.‘:’ + (K3°PU, 54y 000l

Y20, = (*S4,./POP ol 7 [(PAy 4.4 *PF1 1100 PUsa gl + K51 *PAzen o)
+ (K37 °K24*Prasnss) + (KIBOK2E Phanyy ) ) PUzarnug) + (K20PUyp11,00)
+ (K3°PU4 049400

Y20, = Sy, o/POP,,,, ) / UPA; 4.1110°PF g 11000 + (K51 *PArers
+ (K31 PFronie) + (K32°PFagn el

Where: *Y20, and Y20, are temporary variables that are a function of bas? year data and relational variables.
(Some early versions of Profiles 2.0 used a single expression for Y20 rather than diffarent expressions for *v20,
and Y20, , namely, “suu.u,ompuuou.d / "PAL‘n.n'FFl.uuou.n'wun.n)"'mm'PAun.o)"'(KZl'PFu
1ol + (K25°PFy o\ 0 0) + (K37°K24°PFy, ,, o) + (K38 ‘K25 °PFyq.0.u0) + (K1 *PUzev1.0)+(K2°PU, 4, o)
+K3°PU, .1y 0ll.)

21. i i - . The tormula for estimating the total days of sickness due to
darrhea and respiratory infection in the 12-58 month 8ge group in any year T (S10007) is given below. The
derivation procedure is described in sections E.2.1 and E.2.3 of the text.

Susr = “Sypenr + “Siaseur + "Sraseneur -

Where: 8,01 = Total days sick in 12-59 month 8g¢ proup in year T due to disrrhea and reseiratory infection.
*Sizser = Total days sickin 12-59 month ge group due to disease "b" in location *L®in year °T." POPy s sarr
= Population of 12-59 month ge group in locstion "L® in year °T.* PA, .1 = Prevalence of vitamin A severity
level *V* in age group *A* in location "L® in year °T.° PU, AL1 = Prevalence of weight-for-age severity level "V*
in age group *A* in location °L° in yesr °T.* K1 = Relative diarrhea morbidity of mildly underweight 0-59 month
olds. K2 = Relative diarrhea morbidity of moderately underweight 0-59 month olds. K3 = Relative diarrhea
morbidity of severely underweight 0-59 month olds. K51 = Relative morbidity of vitamin A deficient 6-59 month
olds. KBO = Fraction of 6-59 month olds both vitamin A deficient and normal weight-for-age relative to expected
under independence assumption. T & 0 signifies base year.

And:  °S;pu,, = POPyagory ® Y21, ® “PA|.n.u1.r'PU:.u-u.|.t"’“'Kao"PAz.miu.t'Put.n-ua.t)
+ KS‘I'PA,_‘“.“ + K"Puunu.r + Kz'muuu..t + K3'Puc.u.lu.tl-

‘Si120a1 = POP, (TOVR S 4 R ‘PAt.n-uu*Ks"PAz.uu.t’-

Y21, = "sunuﬂ’opu.u.u’ ! "PALn.uu'PUt.n-uu*“'KBO,.PAMa-m'Pul.uuu’
+ (KET*PAL s0sa) + (K1PUp asaiel + K2%PULyp g ) o (K3°PU, 1pser o],

'721‘ - fS,,,.u_JPOP"...,u) /! (PA,'",w-bKS‘I .PAZJ,-“M,‘

7!
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Whers: ‘Vzhw'ﬂummnﬂaﬂum“amﬁmammmwmvm.

married womon using contracegtion and U2 is tha §-erage contraceptive effectiveness, and Cleland et o/ estimate
that in Bangladesh, U1 =0.4 and U2 =0.82. This vields a value for 82 « 0.813.

24. |ncident: in] bli .mhddmofmwumofww\dmuhmm
Children and in school age chidren are given in equstions 11] and [2], and the prevalence is given in [3).

M) IPBy; = KBBPA,.,°POP,.,, + KE8*[PAins *POPyou,] - (PAgumzs]*POPs s )l

121 PRy, = KB8°[(PA; 51 1*POPyq 1) - PA.,.Q_,..)'POP.Q_,.,)L
3] PTB,; = K58°PA,,,, for A = U5 and SCL

Where: IPB,, = Incidence of new cases of partial blindnass in age group "A" inyear T, PPB,, = Prevalence
of partia! blindness in age proup *A°® in year T. PA,,1 = Prevalence of nightblindness in age group *A® in year
T. POP,, = Populstion of age group *A” inyesr T. K58 = Proportion of nightblind children that go partially

bhind.

25. Cretin birth rate. ht is widely accepted that the mortality of creting is higher than monality in the normal
population, and especially in the early stages of lite. However, no data was availsble to estimate cretin mortality.
Therefore, the insar relationship between goiter prevalence and cretin birth rate assumed by PROFILES 2.0 should
more properly be viewed as the relationship of “creting born that surviva the early stages of life® to goiter
prevaience,

26. Schoot . The number of children repaating the first grade and grades 2-5 in any year as »
function of goiter prevaience, stunting prevalence and Coveragn of a mental stimulation program are given in
equations (1) and [2] below.

(11 REP,; = POP¢;°K100°Y20* [(1 - Ps,, ,, - Y3241 4 P8y, 41°Y32¢5) + Y33,,°(PO, +(1-PQ,)°K10)
+ K10°(PS,, 4y - PS,, 4,°¥32, )+ KET* (/32,1 - Y32¢,°PS,, o)
+ (MAX{K10,K67)°PS,, ,,* Y32, ,)).

‘2’ mlt,! - POP,._,'K‘IO‘I'Y31' “1 © Pslo.)o.ﬂ © Yaz,o.‘l + PS,.J.J'Y32,.J)

<+ Y33,.,1'(P07 + {1 -PO,)'KI 1)+K11 '(PS,.,,.J - PS,..,.J'YSZ,.J)
+ K8B°(Y32,, - ¥32,, ,°PS,, ,. ) + ‘W('ﬂ’-Kaa)'Ps:o.ro.r'\'321..t”-

Where: Y30 = KB4 /((1-PS,, ,,-Y32,, + PS1eas®Y32e0) + K10°(PS,, o, - PS,, 1,°Y32, )
+ KB7°(Y32,, - Y32,,°PS,. ,,) + (MAX{K10,KE7)*PS,, ,,° Y32, )],

2
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Y31 = KBB /(1 - PSrenen- Y32, , + Pslo.’oA.Y3270..’
+ K119(PS,, 5,0 PS,, 5,5°Y32,, ) + K88°(v32,,,- ¥321400°PSs0 50 0)

+ (MAX{K11,k68) '5'5.'..:..'\'32;.))-

Y32, = (Chlar +PAMIL,)/POP,, . (This is the pravalence of CMis + PWIs of age A* in year T,
and can be approximated by Y21 = xcawc.,,.wmrc.,,umwm
of age "A°® in ysar °T.") .

Y33,y = 'Psu-Psu,orq,wmcMmkgm.muwmmmmfmmm
Dase year to year T,

When G="°1°, A="8" and when G="2+°(2-8), A==7 +°(7-11).

And: REPg, = Number of children repeating prade *G*® in year °T.* PQ, = Proportion of children in
Stunting reduction programs who receive mental stimulation such 88 tutoring. PS,, .y = Prevalencs of
stunting of any severity in age group “A° in yesr "T.* K63 = Ratio of mentally impaired parsons (CMI + PMI)
to cretins. K10 = Relative first Qrads repeat rate by stunted children. K67 = Ralative first grade repeat
rate associated with iodine deficiency. K11 = Rslative repeat rate in grades 2-8 associated with stunting.
K68 = Relative repeat rate in Srades 2-8 associated wit!: iodine defi . KB4 = Overall first grade
repaat rate in bage year and othsr years. K85 = Overali repeat rate in grades 2-6 in base year and in other
years. X100 = Proportion of 8 year olds envolled in school in bage yesr and other years. K101 =
Proportion of children aged 7-11 years ensolied in school in base year and other years. MAX{ab) =
Maximum of "3° or *p.*

27. Estimati it inic visit. Based on data from Stanton and Clemens (1989),
assume that the number of mainutrition clinic visits in the basa year it 553) in Bangladesh equals 11/23 of the
number of diarrhea clinic visits in the base year, as given in equation [1}.

1) (1 1/23)°°S\40*POPy, / K95 = “Suso®POPy , / K98.

Then, K96 = Sy, * K95 / Sy ,*111/23))
- 29.4'53.3/134.4'(11/23) = 509.1 days.

Where: *S,,, = Average days per year per US child in a state of moderate or severe undernutrition in bage year
= (PUsuso+PU, s)* 365 = (0.30+).068)°365 = 134.3 days/year/chiid. ¢ = Average days per year per
US child sick with diarrhea in base year. PU,,,, = Prevalence of moderate underweight in US children in bage
year. PU, s, = Prevalence of Severe underweight in U5 children in base year. K95 = Average days sick with
darrhea 1o generate one clinic vigit, K98 = Average days of moderate or severe underweight to Qgenerate one

28. itk § . Table E-2 assumes 1990 popuistions of 3.0, 1.9, 4.6, and 4.5 million
in age groups 0-5, 6-1 1, 12-23 snd 24-36 months respectively, with 16% of the children residing in urban areas,
and the prevaience of full and partial breastfeeding of urban children equal to 90% of rural children. Assuming
8 market value for breastmilk of 10 Taka per liter in rural areas, 30 Taka per liter in urban 8reas, ard sn exchange
rate of 38.6 Taka per doliar, the market vaiue of all breastmilk produced in Bangladesh in 1990 is estimated to
be $189 million in urban sreas, $374 million in rursl sreas, and #4563 throughout the country.

29. i ivity. The Levin et &/ (1993) conclusion 8ppaars to be based primarily
on & study by Basta et a/(1979). Although Behrman (1 992) notes severai methodological weaknesses in the Basta
8t &/ study f(including, possible selective bias in dropouts, increased food intake due to higher income trom
participation stipend, and importance of piece-work pay), he navertheless agrees the effect was substantial,

72
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30. Anetuic to noo-anemic productiviry eatin in Bangladet, The 1989-80 National Nutrition Survey for Bangisdesh
88Ss, 1881)m“fmmdﬂcbmdahmwmhmm

The prevaience ohnernicmeﬁ (Hgb < 13) equals 20% + 20% +20% = 60%. Tha pravalence of anemic women
equals 30% + 24% + 20% = 74%, hmmmmwmmMmmdmmaMwommwow
thoirmpectivommrd:.mmﬂmumpb:huuabwcdhﬁbuﬁmmmnﬂumidpoimduch

rangs (e.g., the 20% of the men with Hgb betweon 12-13 average 12.5; men with Hgb below 11 average 10.5).
Then the average Hgb values are: .

Anemic Men = (12,5°0.20 + 11.5°0.20 + 10.5°0.20)/(0.60) = 11.50.
Anemic Women = (11.5°.30 + 10.5°.24 + 8.5°.20)110.74) = 10.835.

Then using the resuits reportad by Levin ot 8/(1993), the average loss in productivity in anemic men and
women in Bangladesh is: ’

Aversge Loss (Men) = (1.5)°(13-11.5)/(11.5) = 0.1945.
Average Loss (Women) = (1.5)°(12-10.635)/{10.635) = 0.1925,

The average productivity ot anemic workars relstive to non-snemic workers = {(Anemic productivity)/{(Non-anemic
productivity) = (1-0.1945)/(1) = 0.804 for men, snd = (1-0.1925)/(1) = 0.807 for wome:.. Because these
figures are 50 close and the rural anemic workforce containg slightly more anemic males than femaiss, the default
vaive of K73 13 estimated to be 0.808.

31. Detaytt for pr Tola i i . There appears 10 be substantial variation in the
tigures reported tor Gross Domestic Product (GDP) and Gross Domestic Agricuttural Product (GDAP) for 1989 and

with 44% trom agriculture {p 208, Tabie 3), resulting in GDAP for 1989 of $8,906 million. The 1992 World
Development Report ;"Vorid Bank, 1992) repons that in 1990, GDP was $22,280 million but the percent from
dgriculture was only 33", resutting in GDAP for 1990 of $8,486 million. In its Bangladesh application, PROFILES
2.0 uses the 1990 esumate of $8,466 million as the default value for K110, the bage year GDAP,

potential agnculturs! labor force in 1990 is this figure times K98°K99, whose defauit vaiue was based on 1990,
Thus the potential agricultural labor force squals POP, s aen 1000 °K98°K99 = (51,423 miliion)* (0.84)* {0.70) = 30.1
million persons. The contribution to GDP (productivity) by all agricuttural workers = $8,466/30.1 = $281 per
year,

To allocate this figure to anemic ang non-snemic workers, first estimate the prevalence of anemic
workers. Recall that 60% of the men und 74% of the hon-pregnant women are anemic. In 1989, 56.78% of the
rural labor force was male, and 43.24% female (BBS, 1992, p 101, Table 4.09). Thus, anemic men accounted
10r 56.76%°60% = 34% and snemic women 43.24% * 74% = 32% of the rural labor force, with anemic persons
accounting for 34% + 32% = 66% of the rural labor force in 1988. Then the average contribution to GDAP from

74
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u,wmmﬁmmm)mmm ﬁanmwmumwmu
follows: -

$281 = (0.88)°(K74) + (0.34)°(08.5)°(k74)
K74 = $261 per year.

mmwmmmmwmmmmm.mm-mum-mu
unempioyment as in the base year.) K

1888, the rural labor force participation

75.2% (BBS, 1892, p 100, Table 4.07). Assuming equal participation by males and fomales, K98 for all adults
equals (92.1% +75.2%)/2 = 83.65%. A default value of 0.84 is used for K98, The fraction of employed rural
Persons in agricuiture in 1989 was 0.70 (BBS, 1992, p 101, Table 4.10), which is used as the default value for

K99.

uﬁﬂmmmmnhmmmgnmm The iifetime discounting factor (a{s)) is computed with
squation [1]. ‘ )

n o{a) = (G1,,,., *G21u) + ‘q"xm.u *C2uarn) +ooot (Glenes *G2pyyy,).

Where: G1, = Present worth of $1.00 generated *n°® years in the future, assuming an annual discount rate of
K113. G2, = Probability that a person who is *a® years old will survive to "x* yoars of age. 8 = Ages of
disabling nutritional event. K114 = Age at which people enter the workforce, on sverage. K115 = Age at
which people exit from the workforce, on average.

34, i 1o hil ing. Burger er a/(1990) estimate that height deficits for
severe and moderate stunted Indonesian children at 22 months of 3ge are 10cmand 7 cm respectively, and that
the average Indonesian male is 160 em in height. The default estimatas for aduit percentage height deficits were
obtained by dividing 160 into 10, 7 and B, producing 6.25%, 4.375% and 3.125%.
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ANNEX A
" Nutritional Indicators in The Consequence Functions

Total fertility rate
Morbidity
Dierrhea, neonatal
Diarrhea, 1-11 mthe
Diarrhea, 12.-59 mthe

Resp.Int,, neonatal

Resp.inf,, 1-11 mthe

Resp.inf., 12-69 mthe

Vision

8Bind, new cases

Bind, 0O-68 mthe

8ind, school spe

Cretine bornvairve
Mentally impared )

1Q points deficit )

School repsatens ) Y

KEY: “A° = Birth weight, *B° = Waight-for-age {underwaight), "C* = Height-for-age (stunting) at 2
years. D° = Height-for-age {stunting) et 6-10 years. °F° = Initiste breasticeding. “F° = Duration of
breastfeeding. *Q° = Feeding mode 0-35 months. “H® = Vitemin A status. *I* = Goiter in pregnant §
women. “J° = |odine deficiency in bvestock, "K*® = iron status in pregnant women. "L® = iron
Status in adult rursl lebor forcs.

- Continued -

12



Health expenses

School expences ‘e

KEY:

“A° = Birth weight. *B* = Waeight-for-age {underweight). "C" » Height-for-age (stunting) ot 2
yeers., “D® = Height-for-age (stunting) 1 6-10 years. “E" = Inhiate bresstfeeding. "F" = Duration of
breastfeeding. Q" = Feading mode 0-35 months. *H" = Vitemin A status. “I° « Goiter in pregnent
women. °J° = loding daficiency in kvestock. *K° = ron status in pregnant women. "L° = iron
statue in adult rurel lebor force,
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ANNEX B
DATA FORM - PROFILES 2.0 PROGRAM DESCRIPTION

2. mm:unummmmm'wummumhmmm
mmmwbmwtﬂdnmﬂmbuhthMhm4Mkw
ummmmmmwmmmuuoh the primery indicetor in e primery
populetion growp in the % The muximum bhmdﬁom&nunmm
reduction in She srevalence of the probiem in the persons severed,

(a) primary greup:
b) primary indicater:
fo) maximum impace:

3. CTIVENESS: mmwm.fwmmmwmmmmmm
mmnnmwummwm.wmwmdmmhmmm
of the primery nutriton prodiem ering the year, Coverago refers 10 netional in the
primery tarpet growp Mﬂwbﬂ”ummmd,mmwmhhmzmm
ummnwwbymmmmowmwnhmuwmdmmm
anmmmrmnmrm hbumtmﬁﬂmhmbnommdthuoﬂm&b
numtodbomndthclhafdnmmlm&wmwwmom»nuommhrmm

Bses Yr
YEAR
Coverage
Effectivenses
YEAR
Coverage
Etfectivences
YEAR
Coverage
Effectivensses

MAXMUM REDUCTION 1n ALL INDICATORS. The table balow pives the meximum reduction in el the Gifferant
h&bamtwudnrdomtmmw,mafwﬁdnmyhmd. mem “Resid”® meens

of the meximumn impect fipwas. (Casas where the project infivences only 8 subset of o Populstion proun sre
8ccomodated by adjusting the meximum aTpect in the table below.}

Bt
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MAXIMUM REDUCTION IN PREVALENCE
Populstion Group
indester - Rt 14 11 1223 3480 Sehoel Pragn, Adult
month wthe ithe mthe wths Worloe
PEM
Roeld Reeld Rosld Roeld Recid Rosid Resld
Rosid Rosld Rosid Roold Rosld Rosld Rosld
Roeid Roold Reeld Roskd Resld
Metomal Md-mw
Normal Aoold
Dirthwt |
Low
Mm
nfise Yeoe Reovid
u )
No i
Sy
Full BF Resld Resid
Feed N
Mode Parvial Resld Reeid Resid
No BF
Vitamin A deficlency
Senam 10 « Reeld Resld Reeid Reeld Roeld Rosld Resld Reeld Resid
Retnol v
tugldl) Urgr 10
loding deficlency
No Reeid Reeld Resid Reeld Resid Reold Reeid Resld Resld
Ookae
\
Arnemal No N ]
NN i 3 oy
Defic. \
Hemo- Normal ' Reeid Resid Resid Reeld Raeld Rosid
plobin
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