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Forward

Vitamin and mineral deficiencies remain a significant public health problem in many parts of the world,
particularly in developing countries where deficiencies to vitamin A, iron, iodine and other micronutrients
leads to adverse health consequences. These include diminished learning and development capacity of
young children and reduced work capacity of adults, both of which contribute to poor socioeconomic
condition of populations. The implementation of effective intervention programs to eliminate or reduce
the prevalence of vitamin and mineral deficiencies in populations requires a wide array of activities
directed towards ensuring high coverage of interventions. One component of national micronutrient
programs includes the periodic assessment of the status of vitamin and mineral deficiencies, as well as the

adequacy of the coverage of interventions in a population using cross-sectional surveys.

Periodic cross-sectional surveys are helpful in answering questions such as: What is the current
magnitude and distribution of selected vitamin and mineral deficiencies? Has the prevalence of disease
changed over time in comparison with previous surveys? What is the coverage of interventions, such as
the proportion of target populations who have received nutrient supplements or are consuming fortified
foods? Has coverage changed over time? Are there groups in the population where the prevalence of
vitamin and mineral nutrient deficiencies remains high or where the coverage of interventions is
inadequate? Results from surveys also provide information on whether intervention strategies are helping
to achieve program objectives. For example, if there are interventions directed to the population to
promote behavioral change to overcome vitamin and mineral deficiencies, then the level of knowledge,
attitudes, and practices (KAP) of the population can be assessed using periodic surveys. The results of a
cross-sectional survey provide a snapshot of the vitamin and mineral status of a population at a specific

time period.

We hope you find this manual useful in the planning and implementation of cross-sectional surveys and
trust that the information generated from such surveys will help to support programs to prevent and

control vitamin and mineral deficiencies.
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Disclaimer

The mention of product names and websites in this document do not constitute an official endorsement
for the products by any of the agencies or individuals involved in the development of this manual. They
are mentioned to provide users of this manual with information on the types of products frequently used
in micronutrient surveys and where to obtain further information. None of the authors, reviewers, or

agencies has a monetary link to the private companies mentioned.
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Abbreviations

AGP Alpha 1-acid glycoprotein

APP Acute Phase Proteins

ARI Acute Respiratory Infection

CDC Centers for Disease Control and Prevention, Atlanta, USA
CRP C-Reactive Protein

d Level of absolute precision

DBS Dried blood spot

DEFF Design Effect

DHS Demographic and Health Survey

EDTA Ethylenediaminetetraacetic acid

EPI Expanded Programme on Immunization

Hb Hemoglobin

HH Household

HKI Helen Keller International

HPLC High-Pressure Liquid Chromatography
ICCIDD International Council for the Control of Iodine Deficiency Disorders
ID Iron Deficiency

IDA Iron Deficiency Anemia

IDD Iodine Deficiency Disorders

ILSI International Life Science Institute
IMMPaCt International Micronutrient Malnutrition Prevention and Control Program, CDC
INACG International Nutritional Anemia Consultative Group
IVACG International Vitamin A Consultative Group
KAP Knowledge, Attitudes, and Practices

MAPit Micronutrient Action Plan instructional tool
MICS Multiple Indicator Cluster Survey

MI Micronutrient Initiative

MM Micronutrient Malnutrition

PATH Program for Technology in Health

PDAs Personal Digital Assistants

ppm Parts Per Million

PPS Probability Proportionate to Size

PSU Primary Sampling Unit

RBP Retinol Binding Protein

SF Serum Ferritin

TR Transferrin Receptor

TSH Thyroid Stimulating Hormone (or thyrotropin)
Ul Urinary iodine

UNICEF United Nations Children’s Fund

USI Universal Salt lodization

VAD Vitamin A Deficiency

WHO World Health Organization

WRA Women of Reproductive Age

WSC World Summit for Children

Z Z-score
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Chapter 1
Overview

1.1 Introduction

This manual is intended for program managers who are responsible for the design and implementation of
surveys to assess vitamin and mineral deficiencies (see Box 1.1) as well as others involved in the
planning, implementation, analysis, and reporting of survey results. Such surveys are usually carried out
periodically to provide information that should lead to advocacy and appropriate intervention strategies.
When carried out sequentially, surveys can be used to track progress of prevention and control efforts

over time.

Box 1.1 The main objective of this manual is to describe procedures and tools necessary to undertake a

cross-sectional survey that will:

e Provide estimates of the prevalence of iron deficiency anemia, iodine deficiency, and vitamin A
deficiency.

e Provide information on the coverage of prevention and control programs such as vitamin A capsule

distribution, salt iodization, and flour fortification.

1.2 Public Health Significance of Vitamin and Mineral
Deficiencies

Many vitamins and minerals are needed in small amounts to perform important physiological functions. '
Iron, vitamin A, and iodine are three major micronutrients targeted for intervention in many countries to
reduce the prevalence of these deficiencies, and therefore, improve the health and socioeconomic status of
populations. A description of the magnitude and consequences of these deficiencies is provided in
Appendix 1. There are a number of other important vitamins and minerals of public health importance
not covered in this manual, including folate and zinc.

Unlike some infectious diseases that may be eradicated, such as smallpox or polio, vitamin and
mineral deficiencies can only be eliminated and controlled through ongoing programs to ensure adequate

nutrient intake among populations. While insufficient dietary intake is the primary cause of nutrient
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deficiencies, other conditions, such as infectious and parasitic diseases, chronic illness, certain genetic
conditions, and other dietary components that may enhance or interfere with nutrient absorption, also

affect vitamin and mineral status.

1.3 Assessing Multiple Vitamin and Mineral Deficiencies

In order to develop appropriate intervention strategies and plan effective control programs, it is useful to
have information regarding the magnitude, distribution, and etiology of several different vitamin and
mineral deficiencies. In developing countries, populations are often affected by multiple nutrient
deficiencies, frequently as a result of poverty and diets with little diversity. This manual is intended to
provide a framework for the design and implementation of national surveys that allow countries to

simultaneously assess iron, vitamin A, and iodine deficiencies.

1.4 Planning the Survey

Designing an integrated micronutrient survey requires many decisions, and these will be dependent on the
survey objectives, resources available, and the time period in which the survey is to be completed (Box
1.2). In all cases, it is essential that the data collected can provide information to guide intervention
strategies and programs.

It may be instructive to consider the steps in Box 1.2 in reverse order, where it is ultimately the use of
data for planning and improving interventions that should be the driving force behind the design of the
survey. Only relevant data should be collected that may affect program management, with emphasis
placed on collecting data with good quality and rigor. The level to which survey results can help
advocate for intervention programs, guide on-going prevention and control programs, and lead to
effective strategies will justify the expense of the survey in the first place. In planning a survey, it is
important to review the overall survey steps listed in Box 1.2 several times before a final plan is agreed
upon.

We recommend that a national survey planning committee be created and include relevant
government agencies and other organizations. A collaborative effort on the support, design, and
implementation of the survey assists in assuring the results of the survey are accepted and endorsed by the

various organizations.
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Box 1.2. Issues and steps in designing and implementing surveys and the chapters where this information

can be found.

Chapter 2: Overall Survey Objectives
Which nutrients to include
Selection of indicators to measure
Identifying target groups
Chapter 3: Survey Design and Sampling Strategies
National estimate only vs. sub-national estimates
Household vs. school vs. clinic-based surveys
Independent survey vs. adding onto another planned population survey
Sample size calculations
Selection of clusters
Chapter 4: Household and Subject Selection
Segmentation of clusters
Selection of households
Chapter S: Survey Planning, Organization, Training, and Fieldwork
Supervision, coordination, and communications
Protocol development
Pilot testing
Procurement of equipment and supplies
Transportation and lodging
Budgeting
Disposal of contaminated materials
Chapter 6: Data entry, cleaning, and analysis
Data entry options and issues
Cleaning data
Analysis of complex sample design data
Chapter 7: Report Writing and Use of Survey Results to Improve Program Management
Preliminary report
Final report

Use of results for program planning and advocacy
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Chapter 2
Overall Survey Objectives

This chapter discusses the development of survey objectives, such as which nutrients to include, which
indicators to use, and which target groups to assess. These overall objectives should be decided upon
based on the utility of the information and cost of obtaining the information. The overall objectives
influence subsequent aspects of the survey, such as the sample size, laboratory assays, questionnaire

design, field logistics, etc.
2.1 Which Nutrients to Include?

In many developing countries, the majority of the population is affected, to some extent, with iron,
vitamin A, and iodine deficiencies. Thus, a survey might include indicators to estimate the prevalence of
all three deficiencies, the prevalence of conditions that contribute to the deficiencies, coverage of
interventions and the populations’ related knowledge, attitudes, and practices (KAP). Issues that might

affect the decision on which three nutrients to assess are presented in Box 2.1.

Box 2.1 Issues concerning which vitamins and minerals to include in a survey can be influenced by the
following:

% What is already known about different vitamin and mineral deficiencies in the country?

+ Has there been a recent survey of any of the nutrients?

+ Is an intervention program in place or being planned?

@

«»  Will it be feasible to test the same target groups in the survey for more than one micronutrient?

2.2 Which Indicators to Measure?

The survey will most likely include the collection of data relevant to the prevention program and impact
indicators, i.e., assessment of intervention coverage, and measurement of nutrient status. This would
allow relevant authorities in the public and private sectors to determine which interventions appear to be

appropriate and whether implementation strategies and components currently in place are adequate. In
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addition, it is generally useful to collect data on other relevant health parameters, demographic and
socioeconomic characteristics of the survey population, and knowledge, attitudes, and practices related to
intervention programs. Through analyses of these variables it may be possible to better understand the
major factors associated with the nutrient deficiencies, characteristics of groups targeted for intervention,
and in turn, identify opportunities for improved program planning. An important aspect of the survey
management is to focus on collection of only essential data related to the overall survey objectives.

This manual emphasizes the use of indicators recommended by WHO and other internationally
recognized organizations (see Table 2.1) for use in population surveys for classifying the public health
significance of vitamin and mineral deficiencies and monitoring progress toward their elimination. Other
indicators may be useful for special research studies, but are often less suitable in large cross-sectional
surveys. Appendix 2 presents detailed information on different indicators along with the survey
requirements for their measurement. Appendix 2 also includes a section on assessing infection or
inflammation status which can affect the results of a number of laboratory tests of vitamin and mineral
status. Different indicators have logistical requirements in terms of equipment, technology, human

resource capacity, and laboratory expertise.

2.2.1 General Issues Related to Indicator Selection

This section presents some general issues related to the selection of indicators for a micronutrient survey.
A general overview of some of the information that might be collected in a cross-sectional survey is
provided in Box 2.2. The issues include collection, processing, storage, transport and testing of blood and
urine specimens (see Table 2.1), assessment of coverage of supplements and food fortification programs,

and decisions on selecting target groups. These indicators are described in more detail in Appendix 2.

Box 2.2 The basic components of a vitamin and mineral status survey may include:

o Information on demographic characteristics of the survey population

e Information relating to intervention programs (fortification, supplementation, communication and
promotion)

o Testing of samples of fortified foods and/or related labelling information

o Collection and testing of blood and urine specimens to assess vitamin and mineral status

e Collection of other specimens and/or questionnaire data on illness and infection that could affect
laboratory test results

e Collection of limited dietary data (usually a simple food frequency questionnaire)
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Table 2.1 Overview of selected indicators to assess iron, iodine and vitamin A status and intervention

programs.
Nutrient  Indicators for Indicators for Assessing Interventions
Assessing Supplementation Fortification Dietary Improvement
Status
Iron Hemoglobin % coverage and % households using % target population
Serum ferritin ~ compliance with iron-fortified products  regularly consuming
Transferrin iron supplements/ (e.g., iron-fortified iron-fortified foods,
receptor multiple vitamins flour); iron-rich foods, foods
in target groups % households using in- ~ Which promote iron
home fortification (e.g., absorption, and/or foods
Sprinkles) that inhibit iron
absorption
Iodine Urinary iodine % coverage and % households using % target population
compliance with iodine-fortified regularly using iodine-
multiple vitamins products (e.g., iodized  fortified foods
containing iodine in  salt)
target groups
Vitamin A Serum retinol % coverage of % households using % target population
vitamin A vitamin A fortified regularly eating vitamin
supplements/multip  foods (e.g. fortified oil, A rich foods
le vitamins in target sugar, dairy)
groups % households using in-
home fortification (e.g.,
Sprinkles)
2.2.1. Blood Specimen Collection

Blood and/or resulting serum samples are often collected to assess the iron and/or vitamin A status of

populations. Specimens can be collected using either capillary or venous blood depending on the volume

of blood needed for laboratory testing (see Table 2.2). For a number of laboratory tests, small volumes of

whole capillary blood obtained from a finger puncture can be tested immediately (e.g., Hb using

HemoCue™) or spotted onto filter paper. It is also possible to collect capillary blood samples in

microtainers for further processing and testing. For laboratory assays which require a large volume of

serum (> 400ul), collection of blood via venipuncture would be necessary.
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Table 2.2. Blood specimen collection method and device, and specimen type

Source of Collection Collection device or secondary use  Specimen type

Blood Method of specimen

Capillary Finger puncture Microcuvette for Hemocue Whole blood
DBS on filter paper Whole blood

Microtainer with no anti-coagulant or ~ Serum
serum separator
Microtainer with Heparin, EDTA or Plasma

Na

Venous Venipuncture Microcuvette for Hemocue Whole blood
DBS on filter paper Whole blood
Vacutainer (with serum separator) Serum
Vacutainer with Heparin, EDTA or Plasma
Na

DBS=dried blood spot; EDT A=ethylenediaminetetraacetic acid, an anticoagulant; Na=sodium

If less than 400 uL of whole blood is required then capillary blood from a finger puncture is an
option. As stated previously, capillary blood may be collected into microcuvettes directly from the finger
when testing Hb using the HemoCue or other similar systems. Capillary blood may also be collected into
anti-coagulant-containing tubes such as the Becton Dickinson Microtainer® or the Sarstedt Microvette®.
These small tubes can contain different volumes, primarily in the 200-600 uL range. Blood from these
tubes can then be tested for Hb in the field after collection. Alternatively, anti-coagulant tubes of blood
could be kept cool and out of direct sunlight, taken to a central location and tested for Hb within eight
hours. In a central location, blood from the microtainers could also be spotted onto filter paper or, if
microtainers with no anti-coagulants are used, can be processed in order to separate the serum fraction,
which can then be prepared for storage and transport.

Disposable, single-use, trigger-type lancets should be used to perform finger punctures for capillary
blood collection. Lancets are available with different blade widths and depths. The more blood needed,
the greater depth and/or blade width lancets should be used. Care needs to be taken to select the
appropriate lancet for each target group, e.g., lancets for preschool children are of smaller gauge needle
and less depth than lancets for adults.

Survey staff with or without phlebotomy experience can be trained to collect capillary blood samples.
However, it is essential that experienced trainers conduct the training and assure standardized techniques.

The costs of testing different biological indicators of micronutrient status vary considerably
depending on the assay and type of specimen collected (e.g., whole blood, serum/plasma, or dried
blood/dried serum spot). It is essential to involve laboratory personnel with experience in conducting

population-based nutrition surveys early in the planning phase to provide advice and guidance on
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biochemical methods. Issues concerning supplies, procedures for collection, processing,
transport/shipping, storage, and analysis of laboratory specimens must be considered. The following
issues should be considered:

e  What type(s) of specimen(s) should be collected?

e  What volume is required?

e What supplies are needed to collect the biological specimens?

e What kind of training is required for laboratory field staff?

e At what temperature must the specimens be stored?

e How will waste products, such as lancets, needles, syringes, be safely disposed?

It is important to identify, as soon as possible, a laboratory that would perform the tests and verify
that the laboratory has adequate equipment, experience, and quality assurance mechanisms in place.
Some of the issues to be agreed upon with the testing laboratory include the number and volume of
samples that could be tested in a timely manner, how the samples are to be processed, stored, and
transported to the laboratory, and assay costs. Another issue is how the results of the laboratory tests will
be provided; generally an electronic file with the laboratory results is preferred. Each test result should
include the survey participant’s ID number as assigned in the survey. In addition, information concerning
the laboratory methods used and any quality assurance from the testing should be requested in advance. It
is preferable that a single laboratory performs analysis of all samples for a specific assay to avoid inter-

laboratory variation.

2.2.1.ii Assessing coverage of supplementation interventions

There are a number of issues in attempting to obtain information to estimate accurate supplement
coverage. For vitamin and mineral deficiencies, for many countries, most commonly this would include
iron and vitamin A supplementation. For vitamin A supplementation, in some areas, the provision of a
supplement to an individual is not documented in medical records or on a personal health record, while in
other areas vitamin A supplementation is recorded on an immunization record or other medical record.
Usually questions concerning vitamin A supplement use in children are limited to the previous 6 months.
In areas where vitamin A supplements are not documented in an immunization or medical record, during
the interview, respondents are asked whether they or their child have received supplements, which may be
enhanced by showing an example of the capsule or by associating the supplement with the place or event

of delivery. The history based on recall may not be accurate for a number of reasons which could
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potentially over- or under-estimate coverage depending on the situation. We recommend that questions

concerning supplement coverage need to be tailored to each country’s situation to maximize validity.

2.2.1.iii  Assessing adequacy and coverage of fortification interventions

In assessing the use of fortified foods in the household, the inspection of food packaging can be useful to
determine if the product is labeled as fortified. In some instances, the packaging may not be available.
For some fortified products, there may be a simple test that can be performed in the field, such as the
rapid test kit to semi-quantitatively estimate the iodine content in salt. Some iodine rapid test kits are of
low sensitivity and specificity compared to more definitive laboratory tests. Another issue is whether a
sample of the food should be collected and sent to a laboratory for testing, an issue that needs to be
addressed early in the planning stage of a survey to determine the test(s) to be performed as well as issues
related to collection, labeling, storing, and shipping of food specimens, and identification of appropriate
laboratories. Should it be determined that salt will be collected from households (or other sources) and
sent to a central laboratory for quantifying the level of iodine in salt, we recommend the salt titration

method or use of the WYD lodine Checker (National Salt Research Center, Tianjin, China).

2.3 Which Target Groups to Assess?

An important consideration in the selection of indicators for a micronutrient survey is to determine which
groups to assess which is usually based on vulnerability, representativeness, and accessibility’, or, to
assess the coverage or effectiveness of an intervention targeted to a specific group, such as vitamin A
supplementation in young children or iron supplementation in a specific group of women. The group
selected should be vulnerable to the deficiency, have measurable negative health consequences as a result
of the deficiency, and be responsive to interventions. Representativeness is the extent to which the
selected group represents the status of the general population and/or other potential target groups.
Accessibility has to do with logistics and the ability to gather data in a systematic way that reduces costs
in performing the survey. Finally, it may be important to take into account whether a group is useful for
assessing multiple micronutrient problems since this could greatly increase the efficiency of a survey.
The following presents the groups usually assessed for micronutrient status and coverage in cross-
sectional surveys, although other groups can be assessed depending on the situation:

e Iron deficiency anemia: women of childbearing age and/or preschool children

e Vitamin A deficiency: preschool children
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e lodine deficiency: school-age children and/or women of childbearing age

2.3.1 Preschool children

Preschool children, usually defined as less than five years of age, are particularly vulnerable to the
consequences of micronutrient malnutrition and are an important target group to assess for some
micronutrient deficiencies. Iron and vitamin A deficiencies are often prevalent among preschool children
in developing countries. Although preschool children are also vulnerable to iodine deficiency, this age
group is generally not recommended as a target group for assessing iodine deficiency primarily because it
is difficult to collect urine samples in this age group Preschool children may be accessed either through
household-based surveys, or where clinic registration and attendance is high, through clinic-based

surveys.

2.3.2 School age children

Historically, school age children between 6 and 12 years of age have been targeted for surveys of iodine
deficiency primarily because of the relative ease with which they could be assembled to assess goiter.
However, because the developing fetus is the most vulnerable to the negative consequences of iodine
deficiency, it may be important to assess iodine status of women of reproductive age. We would like to
note that at the present time there are no cut off values for urinary iodine in nonpregnant women by
WHO, although some experts have provided such values.

Although school age children can be efficiently assessed for iodine deficiency in schools, school-
based surveys should only be implemented in areas where the proportion of children attending school is
high (around 75% or higher). In populations with low school attendance, a household-based survey
would be preferable. There are other reasons to assess school age children, such as for micronutrient
supplement coverage or impact if they are targeted to this group, or for assessing the causes of anemia, in
addition iron deficiency, in this group, such as hookworm. The assessment of VAD in school age children

is infrequent.
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2.3.3  Women of reproductive age

Women of reproductive age (WRA), usually defined as women 15 through 49 years of age, are also
vulnerable to vitamin and mineral deficiencies and may provide insight into the magnitude of
micronutrient deficiencies among newborns. In countries where vitamin A deficiency is endemic,
pregnant women often experience ocular symptoms of VAD, such as night blindness, which continue into
the early period of lactation. In some countries of South-East Asia, the prevalence of night blindness has
been reported to be greater than 10% in pregnant women.” For nursing infants, breast milk from deficient
mothers is likely to contain insufficient levels of vitamin A to build or maintain vitamin A stores.

In pregnant women, iron deficiency leads to anemia which is associated with an increased risk of
maternal mortality and morbidity, fetal morbidity and mortality, and intrauterine growth retardation. The
consequences of iodine deficiency in pregnant women are particularly severe since thyroid hormones are
essential for the mental and physical development of the fetus. Brain damage in the fetus and infancy
attributable to severe and prolonged iodine deficiency is likely to be irreversible.” However, in many
populations, finding an adequate number of pregnant women in household-based surveys is too time-
consuming because a large number of households would need to be visited to identify a sufficient sample
of pregnant woman. Therefore, for household-based micronutrient surveys in populations with low
fertility rates, in general it is not recommended to have pregnant women as one of the main target groups.
It may be possible to assess pregnant women in a clinic-based survey; however, similar to the issue in
school-based surveys, it would be important to assure a large proportion of the pregnant women seeking

prenatal care from clinics.

2.3.4 Men

While men can suffer the consequences of vitamin and mineral deficiencies, they tend to be less affected
compared to preschool children and women. In some settings, men might be assessed to determine their
level of knowledge, attitudes, and practices towards vitamin and mineral deficiencies as well as their role,
in some populations, in determining which foods to purchase. Men may also be assessed for
haemoglobin in some settings to estimate the role of iron deficiency as a cause of anemia in women and
children. The rationale behind this is that when the prevalence of anemia is high in women and children
but low in men, then iron deficiency is likely to be a major contributor to the high prevalence of anemia in
the women and children. If the prevalence of anemia is high in all three groups, then causes of anemia

other than iron deficiency are likely to be prevalent, such as malaria or other parasitic infections.
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2.4 Summary on target groups and survey sites

The selection of age groups to asses depends on a number of factors as discussed previously. Table 2.3
summarizes the usual target groups by micronutrients based on a balance of accessibility and
vulnerability. It is always important to consider which age groups will be targeted for interventions as
data collected can provide useful baseline data or evidence of impact of these interventions. Preschool
children and women of reproductive age are generally targeted for interventions. An important issue
when determining which target group to include in a survey depends on the survey site, household vs.
clinic-based vs. school-based. If a household survey is to be performed, then some of the target groups in
Table 2.3 may feasible. For example, if consideration is being given to assessing pregnant women in a
household-based survey, the planning team must take into account that this would dramatically increase
the number of households to be visited. Also, for school children and men, a household-based survey
would need to be scheduled when these groups would most likely be available at the household. Table
2.4 provides an overview of contact points for different age groups to be included in a survey. More
details on the survey site are presented in Chapter 3 but this topic is mentioned here because it does affect

decisions on selecting target groups.

Table 2.3 Recommended age and sex groups for assessments

Micronutrient deficiency and Indicator  Preschool School-age = Women of reproductive age = Men

children children
Not Pregnant  Pregnant
VAD (Serum retinol) 1 - 2 2 -
ID and Anemia (Hb, serum ferritin, TfR) 1 1 1 1* 1*
IDD (Urinary iodine) - 1 2 1 -

1 = the indicator is recommended by WHO expert group and cutoff values are available

2 = either not directly recommended by WHO expert group and/or cutoff values have not been established; however, other expert
groups, institutions, or experts may have recommended the group and/or cutoff values

- =no WHO expert group recommendations on the group with the specific indicator

*There are cutoff values for anemia in these groups by a WHO expert group but no cutoff values for serum ferritin or TfR

2.5 Where to measure participants - household or a central site?

Should individuals be interviewed and have biologic specimens collected in the household or invited to a
central location within the cluster (such as the health clinic) for the survey? The advantages of surveying

individuals at a central site is that all the equipment, such as length boards, scales, and blood collection
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aspects, could be set up once in the cluster. This makes data collection much faster. However, in some
situations there may not be a convenient central site or it may be inconvenient for the participants to get to
a central site. It may be difficult for ill individuals or those with certain types of disabilities or chronic

diseases to travel to a central site.

Table 2.4 Target groups to assess and possible survey sites

Group(s) to Assess Possible survey sites

Preschool children and/or e  Assess preschool children and women in a household-based survey

women of reproductive e Assess preschool children and women at a public health clinics if

age clinic enrollment/registration is high

School-age children only e Household-based if school enrollment low, e.g., <75%, or school not
in session

e School-based if enrollment high, e.g., >75% for both males and
females and school is in session during survey

Preschool children and e Assess preschool children and women in a household-based survey
women of reproductive or, if appropriate, a clinic-based survey, and assess school children in
age and school-age schools if school enrollment high and school in session during the
children survey

e Assess all three groups in a household-based survey

2.6 Benefits of survey to participants

In general, it is discouraged to provide survey participants with monetary compensation for participation
in surveys or to provide medications or treatments. In some surveys the teams may provide a small gift to
the household (such as iodized salt) or candy or toy for a child. Should any medical conditions be
identified during the survey, such as severe anemia, the participant should be informed of this finding,
provided written information on the condition, and referred to a local health facility. If laboratory tests
are to be performed, such as serum retinol or urinary iodine, the participant should be told that these tests
will not be analyzed until a later date and, in many countries, it would not be possible to inform the

participant of the results of the laboratory tests.
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Chapter 3
Survey Design and Sampling Strategies

3.1 Introduction

Some of the details of designing a cross-sectional survey and sampling strategies are discussed in this
Chapter. The survey design is based on the overall survey objectives which define:

¢ Indicators to be assessed

e Target groups to be surveyed

o  Where subjects are recruited, the survey site (e.g., in households, health clinics, or schools)

Cross-sectional surveys are useful in providing an overall estimate of prevalence and coverage in a
geographic area. They are not useful in identifying “pockets” of disease or low coverage. There are other
methods more suitable to identifying “pockets”, such as lot quality assurance methods (see Monitoring
Universal Salt lodization Programmes” for examples relating to iodized salt). Issues in the design of the
survey discussed in this Chapter are:

e National vs. sub-national estimates

e  Whether the survey is household, clinic, or school-based

¢ Implementing an independent vitamin and mineral deficiency survey or incorporating a

micronutrient component into another planned survey

e Sample size

e Number of clusters to select

e How to select clusters
Some of the basic issues and terminology used in sampling are presented in Appendix 4 and it is

recommended that those unfamiliar with basic sampling theory review this appendix prior to reading the

next sections in this chapter.
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3.2 National vs. Sub-National Estimates

If a national estimate is needed, an important decision is whether the survey will be conducted to provide
a single estimate for the entire country or if there is also a need to provide separate estimates for sub-
national areas, referred to as “strata.” For each stratum for which an estimate is desired, such as a
province or region, a separate survey sample would need to be drawn and therefore expense and time
requirements are directly proportional to the number of strata in the survey. (Note that there could be a
trade off such as accepting a lower level of precision for each stratum.) Deciding on the number of strata

to sample should be based on at least the following two factors:

1. Interventions are stratum-specific, i.e., they are implemented in certain areas of a country or
based on specific population subgroups.
2. Interventions or actions may be directed to stratum-specific administrative levels where important

differences in the etiology and magnitude of problems need to be identified.

If the country is divided into sub-national areas and a separate cluster survey performed in each area,
this is referred to as a stratified cluster survey.’ Estimates from each of the sub-national areas can be
combined to produce an overall national estimate (see section on weighting in Chapter 6). There is a
possibility of over-interpretation of survey results when a single cluster survey is performed at the
national level and then sub-national estimates are derived based on relatively few clusters (see Section
3.6). For example, if a single 30-cluster survey is performed at the national level, and four clusters were
located in one province, the estimate for that province would most likely be very imprecise, which could
be seen by including confidence limits around the estimates.

In some surveys the goal may not be to derive a national estimate but to perform a survey in one
specific area of the country, i.e., a target area. A decision would need to be made whether a single survey

is needed for the target area vs. the need to stratify within that target area.

3.3 Household vs. clinic vs. school-based surveys

Most of this chapter will present information on how to perform household-based surveys, which are the
most common type of national cross-sectional survey. In some countries there may be an opportunity to
perform a national survey in a clinic population (assuming high clinic coverage/registration) or school

population (assuming high school attendance). At the first stage of selection, in household-based surveys,
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the cluster is the enumeration unit or community selected to be surveyed; in clinic-based surveys, the
clusters are clinics selected for the survey; and in school-based surveys, the selected schools are the
clusters. The methods used for selecting clusters at the first stage are similar for household-, clinic-, and
school-based surveys. The selection of individuals (the second stage of selection) differs between
household-based surveys and clinic- and school-based surveys. In household-based surveys, households
are selected and then eligible individuals within the households are assessed. In clinic- and school-based
surveys, clinics are schools are selected and then individuals selected from clinic or school records using
simple random sampling or systematic sampling.

Whether the survey is household-, clinic-, or school-based (or a combination of these) depends on the
target groups discussed in Chapter 2 (see Table 2.4). Most of this chapter will focus on selecting
communities or enumeration units at the first stage of sampling, and then households at the second stage.
The basic principles of this methodology would apply equally well to clinic-based surveys (i.e., selecting
clinics at the first stage of sampling, and then from clinic records, selecting individuals) and school-based
surveys (i.e., selecting schools at the first stage of sampling, and then from an enrollment listing, selecting

students).

3.4 Independent Survey vs. Incorporating Micronutrient
Indicators into another Survey

Information on vitamin and mineral deficiencies may be collected through an independent survey or as a
component of another population-based survey. Other surveys in which micronutrient information could
be added include the UNICEF Multiple Indicator Cluster Survey (MICS), the Demographic and Health
Surveys (DHS), and the Centers for Disease Control and Prevention (CDC) Reproductive Health Surveys.
The three rounds of MICS (1995, 2000, and 2005) have included modules on coverage of micronutrient-
related interventions, such as vitamin A supplement usage and iodized salt. DHS has modules that
include collecting hemoglobin and micronutrient intervention coverage, such as iodized salt, and some
Reproductive Health Surveys have included hemoglobin measurements. It would be important to
determine whether one of these surveys is being planned and whether a micronutrient module could be
added to that survey.

Incorporating a micronutrient component to another planned survey may have the following
advantages:

e Reduced cost

o A sampling frame will be developed by the lead agency
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e Skilled survey staff

e Logistics support

At the same time, there are a number of potential disadvantages:

e May require additional time in the field compared to an independent micronutrient survey if the
planned survey is of a larger sample size and will take longer to complete data collection

e Refusal rate to the original survey protocol may be higher when biologic specimens are collected
as an added component of the micronutrient survey

e Specialized training and capacity of field workers required when bio-markers are collected

To determine whether to incorporate (or “piggyback™) a micronutrient component onto another
survey, two important questions should be considered:
1. Will a nationally representative sample be selected?

2. Will the survey be of adequate sample size? (Sample size is discussed in the next section)

The MICS, DHS, and CDC Reproductive Health surveys generally meet the above criteria. If the
sample size of the planned survey is larger than needed for the micronutrient component, a sub-sample of
clusters, households, or subjects could be selected for the micronutrient component. If the ‘piggy-back’
approach is not an option, it may still be possible to use the sampling frame from one of the above
surveys for an independent vitamin and mineral deficiency survey. The advantage to this approach is that
the first-stage sampling may have been performed and the maps and information to identify households
and subjects may already be developed and available. Finally, if it is not possible to incorporate a
micronutrient component to another survey, then an independent micronutrient survey will need to be

designed and implemented.

3.5 Sample Size Calculations

Sample size calculations can be a source of confusion because different individuals may arrive at different
recommended sample sizes, primarily because sample size calculations are based on a number of
decisions and estimates. There may also be slight differences between hand calculated sample size
estimates and computer-based calculations due to rounding and slight variations in sample size formulae,
but these differences should be minor. We present three approaches to sample size calculations: 1)

Estimating a proportion for a single cross-sectional survey; 2) comparing differences between two cross-
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sectional surveys; and 3) subgroup comparisons within a survey and their effect on sample size. The
second situation is used when the impact of intervention between two cross-sectional surveys is desired,
usually a baseline survey and a follow-up survey. For all approaches we assume 95% confidence
intervals are desired and that the primary measure of interest is a proportion.

In most surveys, information on many indicators is collected, each of which might result in a different
sample size estimate. It is recommended that the final sample size for a survey be based on the most

important indicators. Computer-based programs to perform sample size calculations can be found at

www.OpenEpi.com. Keep in mind that not all information needs to be collected on every survey subject
or household. For example, more expensive tests might be performed on a sub-sample, such as every

other survey participant so long as minimum sample size requirements are satisfied.

3.5.1 Sample size for proportion in single cross-sectional survey

To estimate a sample size for a proportion in a single cross-sectional survey, three numbers are needed:

1. Estimate of the expected proportion (p)
2. Desired level of absolute precision (d)

3. Estimated design effect (DEFF)

The sample size formula is:

e 1.96° p(1 - p)(DEFF)
- =

If the expected proportion p for an indicator is not known, usually the value of 0.5 (or 50%) is used

because it produces the largest sample size (for given values of d and DEFF). If the proportion is
expected to be between two values, select the value closest to 0.5. For example, if the proportion is
thought to be between 0.15 and 0.30, use 0.30 for the sample size calculation.

The level of absolute precision d specifies the width of the confidence interval, e.g., +0.03 (i.e., +3%),
+0.05 (i.e., +5%) or +0.10 (i.e., +10%). For example, if the proportion estimated were 40%, would a
precision of +10% (i.e., 95% confidence limits of 30% and 50%) be acceptable? If not, would a narrower
confidence interval (35%, 45%), i.e., precision of +5%, be acceptable? The selection of a value for d (the

desired absolute precision) may depend on the expected proportion and the purpose of the survey.

Indicators and Methods for Cross-Sectional Surveys of Vitamin and Mineral Status of Populations 29



Common values for d are usually around +5% for estimated proportions in the range of 20%-80%, and
around +3% for less common or very common events (<20% or >80%).

The sample size required for a cluster survey is almost always larger than that required for surveys
using simple random sampling because of the design effect (DEFF). If the prevalence or coverage of a
particular indicator is similar in each cluster, the DEFF will be around one, which means the variability is
the same as would have been with simple random sampling methods. The greater the clusters differ from
one another, the larger the DEFF. As the DEFF increases the sample size must be increased to maintain a
desired level of precision. See Appendix 5 for sample size calculations for a number of different p, d, and
DEFF estimates.

After a survey has been completed and the data analyzed, any calculated proportion is an estimate of
the proportion in the whole population. Generally a confidence interval is calculated to present a range of
values within which the true proportion is likely to be captured. For example, if the proportion is 40%
and the lower and upper 95% confidence limits are 30% and 50%, respectively, the interpretation would
be that the true proportion in the population most likely lies somewhere between 30% and 50%. This
means that it would be very unlikely for the true population proportion to be below 30% and very
unlikely for it to be greater than 50%.

Experience from surveys of anemia, vitamin A deficiency, and iodine deficiency with around 30
individuals sampled in each of 30 clusters have DEFFs in the range of 1.5 to 3. If more than 30
individuals are sampled per cluster, the DEFF is usually larger; if fewer than 30 individuals are sampled
per cluster, the DEFF is usually smaller. Sample sizes for different key indicators, based on estimated
prevalence levels, design effects, confidence levels, and precision are presented in Table 3.1. Please note
that these are only examples and the actual sample size required for an individual country survey will
vary.

As an example, the sample size calculation to assess vitamin A capsule coverage, assuming p = 0.5, d
= .05, and DEFF = 2:

= 1.96* x.5x.5(2)

= —768.32
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Table 3.1 Examples of sample size calculations for key micronutrient indicators

Micronutrient/Indicators/Group Expected Absolute Design  Sample
Prevalence/  Precision (d)  Effect Size
Coverage (p) (%) DEFF
(%)

Indicators based on individuals
VAD and capsule coverage

Low Serum retinol in preschool children 10-15 +3.0 2.0 1088
Vitamin A capsule coverage 80-90 +3.0 2.0 1365
IDA and supplementation coverage

Anemia 40-60 +5.0 2.0 769
Iron deficiency anemia 15-30 +5.0 2.0 769
Iron tablet coverage in appropriate group(s) 20-40 5.0 3.0 1106
IDD

Low urinary iodine 10-30 5.0 2.0 646

Indicators based on households

Households using vitamin A fortified product 25-75 +5.0 2.0 769
Households using iron fortified product(s) 20-40 +5.0 3.0 1106
Households using iodized salt 50-75 +5.0 3.0 1152

Sample sizes are calculated for each strata based on 95% confidence intervals (o = 0.05), expected prevalence/coverage
levels closest to 50%, desired absolute precision, and estimated design effect

Sample sizes are always rounded up, so the sample size from the example would be 769. In some
settings, a different precision value and/or different expected DEFF value may be appropriate. For
example, if the prevalence of anemia is thought to be 60%, this would indicate that anemia is a severe
problem in the population; it could be decided that a precision of +10% would be adequate because any
anemia prevalence estimate in a population >40% is considered to indicate a severe anemia problem, so a
very precise estimate may not be necessary. On the other hand, if the proportion is very low or very
high, for example, if the proportion of households using iodized salt is thought to be 92%, it some
situations it may be desired to have greater precision than +5%, perhaps +2.5%. In general, when
performing sample size calculations or using sample size tables, careful consideration should be given to

the values used in the calculation.

3.5.2 Sample size calculation for comparing two surveys

In some situations two sequential cross-sectional surveys are planned to assess the estimated impact of
interventions; frequently the first cross-sectional survey is to establish a pre-intervention baseline
estimate, and then after a period of time (perhaps 1-5 years), a second cross-sectional survey (‘“follow-up”

survey) is performed. The sample size estimates for this study design requires a number of assumptions
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and preferences for certain values. In the calculations below it is assumed that the sample size in each of

the two surveys will be the same.

Estimates and preferences are needed for:

D2
DEFF

-

The estimated proportion with deficiency or intervention at baseline survey

The estimated proportion with deficiency or intervention at follow-up survey

The estimated design effect (while the formula assumes the DEFF will be the same for both
surveys, realistically the DEFF may differ between surveys, therefore it is recommended to
provide the larger estimated DEFF)

Level of significance (“alpha”), usually 0.05 or 5% (corresponds with 95% confidence interval)

Power, usually 0.8 (80%) or 0.9 (90%)

The formula is:

where

[ZM \N2Pq -Z1_g\P191 + P29 ]2

n=DEFF x 5
(p;—p2)
_ + _ _
p= P17 P2 and g = / — p when sample sizes are to be equal
qg:1=1-pi
g:=1-p>

Zq» 1s the Z-value for the level of significance

Z;.p 1s the Z-value for the Power

In general we would recommend an o of .05 and B of .20. The Z-value for these and some other

common Z-values for the level of significance and Power are provided in Tables 3.2 and 3.3, respectively.

Table 3.2. Two-sided Z-values ( Z,/, ) for various significance levels

Significance level (o) 2-sided Z-value
0.01 2.576
0.05 1.960
0.10 1.645

Bold indicates usual value used
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Table 3.3 One-sided Z-values (Z,.p for various Power (1- B) levels

B value Power (1- B) 1-sided Z-value
0.01 .99 -2.326
0.05 .95 -1.645
0.10 .90 -1.282
0.20 .80 -0.842

Bold indicates usual value used

Example: A country is going to begin fortifying flour with iron. They estimate the baseline prevalence
of anemia to be 50% in women of reproductive age, and expect that iron fortification of flour will lower

the anemia prevalence in this group to 40%.

Example of sample size calculation:
p:1=0.50,4,=0.50
p2=10.40, > = 0.60
a = 0.05, therefore Z,/p =1.96

B = .20, therefore Zy_g =-.842

DEFF =12

Need to calculate p . For equal sample sizes:

Z)zwz.ﬁ, G=1-.45=.55
. [1.96/2(45)(55) - (-842)]/(50)(50) + (40)(.60) | L 3876

(.50 —.40)° 01

In this example, the sample size would be 776 individuals in each cross-sectional survey, i.e., 776 for

the baseline survey and 776 in the follow-up survey.

3.5.3 Subgroup Comparisons and their affect on sample size

The sample sizes in Section 3.5.1 assume that a single overall (nutrient) deficiency prevalence or program
coverage estimate is desired from a survey, such as the prevalence of VAD in preschool children or
prevalence of IDA in women of reproductive age, or percent of households using iodized salt. If an
objective of the survey is to compare subgroups within the survey, such as comparing males to females,
then the sample size would likely be larger depending upon the level of precision desired for the

comparison(s). Another example might be to compare the prevalence of deficiency in households not
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using a fortified food compared to households using a fortified food. If these types of comparison are
important, then the sample size will need to be increased to assure adequate precision for each subgroup.
If it is expected that the two subgroups are equally distributed in the population (such as females and
males, where in most populations around 50% of the population is female and 50% male), then the
sample size presented in the previous section (3.5.2) could be used, only substituting the estimated
prevalence for each of the two subgroups. If the two subgroups differ in size, another sample size
formula should be used which is described next.

For example, suppose the prevalence of anemia in households using iron-fortified flour is to be
compared to the prevalence of anemia not using iron-fortified flour, and it is estimated that 80% of the

households use iron fortified flour. The sample size formula is:

[Za/le(’”r])l?_q —Z;_g\"P191 + D292 ]2

n; = DEFF x >
r(pr—p2)
ny, =rn;
where
— + 7 _ _ .
p= p]—]pg and g = I — p when sample sizes are to be unequal
r+

Different from the formula in section 3.5.2 is an additional term r, which for our example would be
the proportion of households not using iron-fortified flour divided by the proportion of households using
iron-fortified flour. In the above example, »=.2 /.8 =.25. Two sample sizes are calculated:

e n; = the number of households using the fortified product

e 1, =the number of households not using the fortified product

For example, assume the following:
p1 = 0.40, the prevalence of anemia in households using iron-fortified flour
p2=0.50, the prevalence of anemia in households not using iron-fortified flour

r=02/0.8=0.25
a = 0.05, therefore Z,/»=1.96

B =0.20, therefore Z;_g =-0.842

DEFF =2
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4+(.25%.5)

=42 and g=1-.42=.58
25+ 1

l_):

[].96\/(.25+1)(.42)(.58) - (~.842),].25(.40)(.60) + (.5)(.5) ]2 Y (1.0816 +.4688)°

3 =1,923
.25(.40-.50) .0025

n1=2><

n, =.25(1923)=481

Therefore, the survey would need to include 2,404 individuals, of which 1,923 would be expected to

be from households that use iron-fortified flour and 481 would be expected not to use iron-fortified flour.

3.5.4 Accounting for Response Rates

Another important issue to consider when calculating a sample size for a survey is to take into account the
potential response or compliance of the population to be surveyed. Nonresponse can occur at many

levels, such as:

. None of the household members may be available during the survey (the household is away

on a temporary basis)

. The entire household may refuse to participate

. Some individuals within a household may refuse to participate or may not be available during
the survey

. Some individuals may partially participate, such as agreeing to answer questions but refusing

blood collection

. The volume of blood collected may be insufficient for laboratory analysis

All of these potential reasons for nonparticipation or nonresponse should be taken into account and the
final sample size is determined by dividing the calculated sample size, as shown in sections 3.5.2 and
3.5.3, by the expected response. For example, if the calculated sample size is 768 and a 90% (i.e., 0.9)
response is expected, then the final sample size would be 768 / 0.9 = 853.3 or 854 (always round up).
Thus, if 854 individuals are invited to participate in the survey and 90% agree to do so, then it would be

expected that the sample size of 768 individuals would be met.
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355 Number of Households

We describe two methods in household-based cluster surveys for determining the number of households
to select in each cluster. One method is to select a pre-determined number of households in each cluster
(the “fixed number of households” method). Another method, called the “quota” method, is described in
Chapter 4 and has survey teams visit households until the desired number of eligible individuals has been
identified.

Some indicators, such as the prevalence of anemia, relate to individuals, while other indicators relate
to households, such as the proportion of households using iodized salt. If a fixed number of households
are to be surveyed in each cluster, the following information, usually available from the ministry
responsible for the census, is needed to determine the number of households:

e Largest sample size requirement based on the primary indicators to be measured
e Average number of persons per household

e Proportion of target population out of total population

The number of households to select in each cluster would be determined using the following formula:

HH * pp

where
nHH = total number of households to sample in a survey

n = total sample size for number of individuals
HH = average household size
pp = proportion of the population in target group

As an example where the indicator of interest is the prevalence of anemia among women of
reproductive age:

- the calculated sample size is 768 women
- the average number of individuals per household 3.9

- women of reproductive age represent 0.31 (31%) of the population

Thus, nHH = 768 / (3.9 x 0.31) = 636 households (rounded up to a whole number) would need to be

assessed in the survey area. Note that in this example HH x pp is the average number of women of
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reproductive age that would be found in each household; 3.9 x 0.31 = 1.209, i.e., on average, there will be

1.209 women of reproductive age in each household.

3.6 Number of clusters and samples per cluster

Two issues to consider when applying sample size calculations to cluster surveys are how many clusters

are needed, and once this is determined, how many samples (individuals or households) are to be

surveyed per cluster.

3.6.1

Number of Households/Individuals per Cluster and the

Number of Clusters

The number of clusters to assess depends on many factors, such as the size of the geographic area (which

affects costs in terms of teams traveling from one cluster to another), the amount of time a survey team

spends in a cluster, the primary purpose of the survey, whether there is a single national cluster survey or

a stratified cluster survey, and many other factors. Here are some general guidelines for micronutrient

surveys:

Within each cluster, generally there should be between 10 and 40 individuals in the most
important target groups. Having fewer than 10 individuals may lead to unstable variance
estimates (at least in surveys with 30 clusters) and going beyond 40 results in little
improvement in precision (described in the next section). If the collection and/or analysis of
information are of significant cost, such as collecting blood specimens for laboratory
analysis, then the fewest samples per cluster with adequate precision should be collected. If
the cost of collecting information is low, such as asking about vitamin A supplementation,
then including more than 40 may be reasonable, however it will have little effect on
improving precision. The underlying issue is to balance the costs of data and specimen
collection/processing with programmatic needs for a specified precision around the estimates.
While it would seem that collecting more samples per cluster would increase precision in
cluster surveys, the improvement in precision is minimal beyond 40 samples per cluster. The
reason for this is that as more samples are collected per cluster, the DEFF also increases.

There should be at least 25 clusters in each stratum and going beyond 40 clusters does not

improve precision appreciably. In larger countries the cost of teams moving from one cluster
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to another can be substantial, and therefore to keep survey costs down, usually the motivation
is to have fewer clusters. In very small countries where travel between clusters is not a
significant constraint, having a larger number of clusters would be reasonable and even
improve precision. For example, for a total sample size of 900, a survey of 60 clusters with
15 individuals per cluster would be, on average, more precise than a survey of 30 clusters
with 30 individuals. The reason for the improved precision is that the smaller the number of
observations per cluster, the smaller, on average, the design effect.

. Another approach is to determine the number of clusters based on the number of households
that can be surveyed in one or two days by a survey team, as long as there are at least 25-30

clusters in each stratum.

Collecting data from around 30 clusters with around 15-30 observations per cluster provides
reasonably precise estimates (i.e., 95% confidence limits of no greater than +5% assuming a design effect
of around 2.0) of nutritional status indicators in the target population.” Thirty cluster surveys have been
used extensively for many health outcomes, such as immunizations, diarrheal disease surveys, and
anthropometry surveys. For a fixed number of samples/individuals selected per cluster (e.g., 10
individuals per cluster or 30 individuals per cluster), collecting information on more than 30 clusters only
slightly improves the precision of the estimate, however in some settings, mentioned previously, having
more than 30 clusters is reasonable.

The UNICEF Multiple Indicator Cluster Survey (MICS) and Demographic and Health Surveys
(DHS) select more than 30 clusters, sometimes up to 300 or more, and also have much larger sample sizes
than described in this manual for micronutrient surveys. The primary reasons include:

o Stratification — frequently one goal of MICS and DHS surveys is to present prevalence or
coverage estimates by strata, such as by province, and different demographic groups (e.g., age,
sex, and socioeconomic status). Thus the sample size increases by the number of strata and for
subgroup analyses.

o Size of target group — some of the target groups in MICS and DHS represent small proportions of
the entire population of a country and therefore a large number of households need to be visited
to recruit the desired number of participants. For example, a relatively large number of
households would need to be visited to identify sufficient numbers of:

* women who have given birth in the previous year
= one-year old children (12 months up to 24 months of age)
=  preghant women

= children 0 to 6 months of age to assess breastfeeding status
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=  Design effects — the design effects for some indicators can be much larger than two, such as

factors relating to access to potable water and adequate sanitation.

Therefore, for surveys such as MICS and DHS, having larger sample sizes and a larger number of clusters
are reasonable given the above issues. Our recommendations for the type of surveys described in this
manual are as follows:
e For a non-stratified national survey, fewer than 30 clusters would not be sufficient.
e For stratified surveys, at least 25 clusters should be selected in each stratum, although if less
precision is required for stratum-specific estimates, the number of clusters per stratum could

be reduced.

3.7 How to select clusters

In household-based surveys, communities, wards, villages, census tracts, or other defined enumeration
units (EU) are designated as the primary sampling units (PSU). In determining how to select clusters, one
issue is whether there are reasonably accurate estimates of the population size for the PSUs. In
household-based surveys, this would be the population size or the number of households within each
enumeration unit (EU); in clinic-based surveys, this would be the number of clinic enrollees; in school-
based surveys, this would be the number of students enrolled in each school. If relatively accurate data on
population size are available, then the preferred method for selecting clusters is the probability
proportionate to size (PPS) method because this is under many settings a self-weighted design and is
described in more detail in the next section. If accurate population data are not available, then either a
random or systematic selection of clusters could be used. Each of these methods is described in the

sections that follow.

3.7.1 PPS selection of clusters

As mentioned, clusters should ideally be selected using a technique called "probability proportionate to
size" or PPS sampling. Using the PPS method, the likelihood of a PSU being selected is proportional to
its population size, i.e., larger PSUs are more likely to be selected than smaller ones. The first step is to
obtain the "best available" census data for all the PSUs in the geographic area to be surveyed (e.g., a
country). This information is usually available from the government agency that performs the census for

the country, such as a national bureau of statistics.
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Countries with very organized census information will frequently have PSUs or enumeration units
that are relatively small geographic areas with a population size between 100-1,000 or 20-200 households.
It may be necessary to designate a minimum PSU population size to assure that enough potential respondents
are available to meet the sample size per cluster; consequently, there may be situations where two or more
contiguous enumeration units will need to be combined to form a single PSU.

If the enumeration unit information is either not readily accessible or is very inaccurate, the most recent
estimates of population size should be obtained by village, towns, and cities that would serve as the PSUs. It
is essential to include all areas, including those which may be remote and/or rural.

With the PSU information, make a list with four columns (see Table 3.4). The first column lists the
name of each PSU; the second column contains the population of each PSU; the third column contains the
cumulative population that is obtained by adding the population of each PSU to the cumulative population
of PSUs preceding it on the list. As a general rule, it is best for the list to be in geographic order by
districts or provinces. A sampling interval (k) is obtained by dividing the total population size by the
number of clusters to be surveyed. A random number between 1 and the sampling interval (k) is chosen
(see Appendix 6 for a table of random numbers) as the starting point and the sampling interval is added
cumulatively until thirty clusters are chosen; the selected clusters are shown in the 4™ column of Table

3.4.

3.7.1.i. Example of Selecting PSUs for a Cluster Survey

In the fictitious area of El Saba, there are fifty PSUs (Table 3.4). In practice there are usually many more
than fifty PSUs in a survey area. With a large number of PSUs, the selection process is usually performed
using a computer. For SAS users, there is PROC SURVEYSELECT which has an option to select data
using PPS. With SPSS, the optional Complex Samples module has a “Select Sample...” option. Use of

spreadsheets is another method for performing the selection.
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Table 3.4. Selecting communities for a cluster survey in El Saba using the PPS method

PSU Pop. Cum. Cluster PSU Pop. Cum. Cluster
Utural 600 600 BanVinai 400 10,880 13
Mina 700 1,300 1 Puratna 220 11,100

Bolama 350 1,650 2 Kegalni 140 11,240

Taluma 680 2,380 3 Hamali-Ura 80 11,320

War-Yali 430 2,810 Kameni 410 11,730 14
Galey 220 3,030 Kiroya 280 12,010

Tarum 40 3,070 Yanwela 330 12,340

Hamtato 150 3,220 4 Bagvi 440 12,780 15
Nayjaff 90 3,320 Atota 320 13,100

Nuviya 300 3,610 Kogouva 120 13,220 16
Cattical 430 4,040 5 Ahekpa 60 13,280

Paralai 150 4,190 Yondot 320 13,600

Egala-Kuru 380 4,570 Nozop 1,780 15,380 17,18
Uwanarpol 310 4,880 6 Mapazko 390 15,770 19
Hilandia 2,000 6,880 7,8 Lotohah 1,500 17,270 20
Assosa 750 7,630 9 Voattigan 960 18,230 21,22
Dimma 250 7,880 Plitok 420 18,650

Aisha 420 8,300 10 Dopoltan 270 18,900

Nam Yao 180 8,480 Cococopa 3,500 22,400 23,24,25,26,27
Mai Jarim 300 8,780 Famegzi 400 22,820

Pua 100 8,880 Jigpelay 210 22,840

Gambela 710 9,590 11 Mewoah 50 22,890

Fugnido 190 9,880 12 Odigla 350 23,240 28
Degeh Bur 150 10,030 Sanbati 1,440 24,680 29
Mezan 450 10,480 Andidwa 260 24,940 30

Follow the four steps below to select clusters to be included in the survey:

Step 1: Calculate the sampling interval by dividing the total population by the number of clusters to be
surveyed. In this example, 24,940 / 30 = 831.

Step 2: Choose a random starting point between 1 and the sampling interval (k, in this example, 831) by
using the random number table in Appendix 6. For this example, the number 710 is randomly selected.
Step 3: The first cluster will be where the 710th individual is found based on the cumulative population
column, in this example, Mina since it includes the population from 601 to 1,300.

Step 4: Continue to assign clusters by adding 831 cumulatively. For example, the second cluster will be
in the PSU where the value 1,541 is located (710 + 831 = 1541), which is Bolama. The third cluster is
where the value 2,372 is located (1541 + 831 = 2372), and so on. In PSUs with large populations, more
than one cluster could be selected. Note that if two clusters were selected in one PSU, when the survey is
performed, the survey team would divide the area into two sections of approximately equal population
size and treat each area as independent clusters. Similarly, if three or more clusters were in a PSU, the
PSU would be divided into three or more sections of approximately equal population size, as is the case

with Cococopa in Table 3.4 (described in more detail later).
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3.7.2 Random and systematic selection of clusters

When a list of PSUs is available but the population size for each PSU is not known or very inaccurate,
simple random sampling or systematic selection can be used. Systematic sampling tends to be easier to
implement by hand and is described next, although simple random sampling (see Appendix 4) could also
be performed. With the availability of computer programs that can sample records from a file, the
preference would be to use simple random sampling. The steps for systematic sampling, should it be

more convenient to implement, are as follows:

Step 1: Obtain the list of the PSUs and number them from 1 to N (the total number of PSUs)

Step 2: The number of PSUs to sample () should have already been determined.

Step 3: Calculate the "sampling interval" (k) by N/n (always round down to the nearest whole integer).
Step 4: Using the random number table (Appendix 6), select a number between 1 and k. Whichever
number is randomly selected, go to the PSU list and include that PSU in the survey.

Step 5: Select every kth PSU after the first selected PSU.

For illustrative purposes, Table 3.5 lists fifty PSUs and below demonstrates how to select 8 PSUs.
Step 1: There are fifty PSUs, therefore N=50.
Step 2: The number of PSUs to sample is eight, therefore n=8.
Step 3: The sampling interval is 50/8 = 6.25; round down to the nearest whole integer which is 6;
therefore, k=6.
Step 4: Using a random number table, select a number from 1 to (and including) 6. In this example, let's
say the number selected was 3. Therefore, the first PSU to be selected is the third PSU on the list, which
in this example is Bolama.
Step 5: Select every 6™ PSU thereafter. In this example, the selected PSUs would be the 3rd, 9th, 15th,
21st, 27th, 33rd, 39th, and 45th PSUs on the list.

In some circumstances you might actually end up selecting more than the number of clusters needed.
In the above example, had the random number chosen in Step 4 been 1 or 2, nine PSUs would have been
selected rather than eight. To remove one cluster so that only eight are selected, again go to the random
number table, and pick a number and the cluster that corresponds to the random number is removed from
the survey. To properly analyze the data collected using systematic sampling, an estimate of the
population size in each cluster should be collected when the survey team arrives on site. (Note that

usually more clusters are selected; the 8§ selected in this example was for illustrative purposes only).
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Table 3.5 Selection of PSUs using the systematic selection method

PSU Selected? PSU Selected?
1 Utural 26 BanVinai

2 Mina 27 Puratna Y
3 Bolama Y 28 Kegalni

4  Taluma 29 Hamali-Ura

5 War-Yali 30 Kameni

6 Galey 31 Kiroya

7 Tarum 32 Yanwela

8 Hamtato 33 Bagvi Y
9 Nayjaff Y 34 Atota
10 Nuviya 35 Kogouva
11 Cattical 36 Ahekpa
12 Paralai 37 Yondot

13 Egala-Kuru 38 Nozop

14 Uwanarpol 39 Mapazko Y
15 Hilandia Y 40 Lotohah

16 Assosa 41 Voattigan

17 Dimma 42 Plitok

18 Aisha 43 Dopoltan

19 Nam Yao 44 Cococopa
20 Mai Jarim 45 Famegzi Y
21 Pua Y 46 Jigpelay
22 Gambela 47 Mewoah
23  Fugnido 48 Odigla
24 Degeh Bur 49 Sanbati
25 Mezan 50 Andidwa

3.8 Summary

This chapter described issues related to survey design and sampling strategies. The relative merits of
conducting an independent micronutrient survey or incorporating a micronutrient component into another
planned survey were presented. In many countries a non-stratified national survey is adequate to
determine an overall estimate of nutrient status (i.e., nutrient deficiency). A 30 cluster survey with 10 to
30 individuals per population group of interest or households per cluster will usually be adequate in most
cases. In some settings there may need to be a stratified survey if stratum-specific estimates are needed,
and in some settings more than 30 clusters may be selected. When accurate population sizes are known,

the probability proportionate to size (PPS) method is recommended for selecting clusters.

Indicators and Methods for Cross-Sectional Surveys of Vitamin and Mineral Status of Populations 43



Indicators and Methods for Cross-Sectional Surveys of Vitamin and Mineral Status of Populations

44



Chapter 4
Household and Subject Selection

In most cross-sectional nutrition surveys, subjects are identified from selected households within each
cluster and then eligible individuals assessed within the sampled households. Usually a local definition of
“household” and “dwelling” are used because these may vary from country to country. In this document
the following definitions are used:

. A household is a group of persons who eat from the same kitchen

. A dwelling is a building or residential unit and may include one or more households.

Definitions of household and dwelling must be made clear and specific to assure that survey teams
operate consistently in the field when identifying and selecting households.

In some countries, a list or map of dwellings or households within a PSU may be available through a
local government administrative office or the census bureau. This allows for the selection of households
from the list or map.

Two methods are described for selecting households in a cluster, “fixed” versus “quota.” For the fixed
method, the number of households to select in each cluster is determined in advance, most commonly the
same number of households being assessed in every cluster, e.g., 10 households, or 15 households. The
team knows, prior to arriving at the cluster, the number of households to approach and invite to
participate in the survey. The “quota” method of household selection is where the survey team visits
households until they identify a predetermined number of households or individuals eligible and/or
willing to participate in the survey. Some surveys use the quota method based on the number of eligible
individuals in each cluster, such as EPI surveys where the survey team visits households until they
identify 7 children from 12 months to 24 months of age; the team does not know in advance how many
households will need to be visited in order to identify and assess 7 eligible and participating children.
Most micronutrient surveys use the “fixed” method because they tend to have several targets of interest:
the household; pre-school children; women of reproductive age, etc., compared to the EPI survey in
which the primary interest is in preschool children. For nutrition surveys the fixed number of households

approach is recommended.
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Another issue is how to select households within a cluster. One approach is to carefully map all
households within the cluster and then either randomly or systematically select households to survey.
Another approach is to randomly select one household within the cluster and then select subsequent
households using the “next nearest household” approach as frequently used in EPI surveys, or select
households in a specified direction. With the random or systematic selection households, having a
relatively accurate map or listing of households is important, whereas for the “next nearest household” or
selection of households in a specified direction, accurate mapping is less important. In both situations, if
the cluster is very large in terms of the number of households within the cluster, it may be necessary to

first segment the cluster, which is described in the next section.

4.1 Segmenting clusters

Clusters may vary widely in the number of households and/or population size. Large clusters may need to
be divided into smaller geographic areas within which households can more easily be identified and
selected. The terms “segments” (in some documents referred to as “quadrants”) and “subsegments” will
be used to describe this process. If a cluster is very large and it is not possible to identify households, the

following steps are recommended:

1. Divide the cluster into approximately equal size segments (in terms of the number of households or

population size)
2. Randomly select one segment
3. If the segment is still too large, then subsegment the area and randomly select one Subsegment.

4. For the random or systematic selection of households, there will be a need to map or listing the

households within the selected segment/subsegment

5. Select households

If up-to-date maps of large clusters are available, the survey segments should be identified prior to the
survey team’s arrival to the cluster. If maps are not available, a survey “census” team could visit each
cluster and select the segments and households prior to the arrival of the survey team; alternatively, the
survey team itself may do this task upon arriving at the cluster, in which case the added time for this

activity should be included in the survey schedule.
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Figure 4.1 illustrates examples of the use of random or systematic selection of a fixed number of
households with different cluster characteristics and steps to take to select households in a cluster. In this
example it is assumed that the average household size is 7.4 individuals, the number of households to be
assessed was 30, and the goal was to identify a cluster/segment between 30-60 households, i.e., a segment
from 1 to 2 times the number of households to be sampled. In some settings, the survey management
team may choose to have segments that are 2-4 times larger than the number to be assessed. There are a
number of advantages and disadvantages to be weighed in determining the segment size. For example, if
households are to be selected randomly or systematically from the area to be surveyed, if the area is large,

this could increase the amount of time it takes teams to get from one household to the next and may make

supervision more difficult when there are two or more groups of surveyors in a cluster.

Large clusters, such as cities, may already have political subdivisions with an estimated number of

households or population size (for an example, see Figure 4.2). If political subdivisions already exist, one

can use these subdivisions to define segments.

Figure 4.1.

determining area (i.e., segment) to survey.*

Example of cluster size (in terms of households or population size) and approaches to

Large cluster

Intermediate size cluster

Small cluster

>450 households or 60-450 households or <60 households or
>3500 population 450-3500 population <450 population
2 2 2
1. Divide cluster into segments
consisting of approximately 60-
450 households (or 450-3500 { {
population) per segment
2. Randomly select one segment
2 2 2
1. Divide selected segment into Divide cluster into segments
subsegments consisting of consisting of approximately 45
approximately 45 households households (range of 30-60 {
(range of 30-60 households) or a households) or a population of
population of 300 (range of 225- 300 (range of 225-450
450 population) per subsegment population) per segment
2. Randomly select one subsegment | 2. Randomly select one segment
{ \ \

Select 30 households within selected
subsegment

Select 30 households within selected
segment

Select 30 households within cluster

*As an example, assume 30 households are to be selected in each cluster and there are approximately 7.4 individuals

per household
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Figure 4.2. Mazari-Sharif by District and Gozar, Afghanistan
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If there are no defined subdivisions for a large cluster, the following steps could be used to subdivide

the area using the example of 30 households per cluster:

e From a map, divide the cluster into segments using easily recognizable boundaries, such as rivers

and roads.

e Sequentially number the segments and then randomly select one segment.

e Divide the selected segment into subsegments with approximately 30-60 households each.

e Sequentially number the subsegments and then randomly select one subsegment.

e Select 30 households within the selected subsegment.

Assuming, for example, 30 households are to be selected in a cluster and the number of households in

the cluster is known (and is between 60 and 450), to determine the number of segments, divide the total

number of households in the cluster by 45:
Example 1: a cluster has 115 households:

115+45=3

Thus, the cluster should be divided into 3 approximately equal size segments.
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Example 2: a cluster has 320 households:
320+45=7

Thus, the cluster should be divided into 7 approximately equal size segments.

If the number of households in the cluster is not known but a population size estimate is available,
then this information can be used to determine the number of segments. The standard segment size is
determined by multiplying a “standard number” (i.e., 45) of households per segment by the average
number of subjects per household. Thus, if we assume an average of 7.4 persons per household:

45 x 7.4 =333 (this can be rounded down to 330 individuals).

Example 1: a cluster has a population size of approximately 850:

850 +330=3

Thus, the cluster should be divided into 3 approximately equal size segments.
Example 2: a cluster has a population size of approximately 3,850:

3850 +330~= 12

Thus, the cluster should be divided into 12 approximately equal size segments.

In the above example, if the total estimated population of the cluster is less than 450, segmentation is
not necessary. It should be possible to count the total number of households in a cluster of this size, and

then select the needed number of households to be surveyed (in the above example, 30).

4.1.1 How to Map a Cluster/Segment When Accurate Maps Are Not
Available

In the guidance below, it is assumed that 30 households are to be surveyed in each cluster using the

random or systematic selection of a fixed number of households method.

Step 1: Prepare a sketch map; identify and draw the outer boundaries of the cluster. With the help
of a local guide, draw a map marking the boundaries of the cluster, identifying the major roads, lanes,
streets and showing physical boundaries such as streams, and rivers.

Step 2: Draw internal markers, which will help identify locations and aid in establishing a path of

travel. These would include internal streets, paths, streams, and so forth.
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Step 3: Mark the location of each dwelling unit For purposes of mapping and/or segmenting a

on the map. For help in later locating the cluster, absolute precision in the count of

households, it is also useful to mark other prominent households is not necessary. A good approximate

buildings—schools, churches, mosques, etc. count of dwellings is sufficient.

Step 4: Count the number of dwellings in the

cluster and divide by 45. This will give you the

approximate number of segments in which the cluster should be divided. Note that this exercise should
be a “quick count” operation to locate dwellings. It does not require knocking on doors to inquire about
households or the names of occupants. An exception is multi-dwelling buildings that appear to include
several households—for example, in the case of large compounds or apartment buildings, where you
should ask about the number of households and record it on your map.

Step 5: Based on the sketch map, divide the cluster into the number of segments (calculated in Step
4) with approximately the same number of dwellings. This means that the size of the segments in terms
of geographic area may vary considerably—densely populated areas will have geographically smaller

segments and less populated segments will be larger.

Segments should be designated with easily identifiable boundaries and landmarks to facilitate field
work. An example of a sketch map is shown in Figure 4.3; each segment includes approximately 45
dwellings. It is acceptable to have a slightly unequal number of households per segment in order to create

segments with clearly identifiable boundaries.

Figure 4.3
Sample Cluster and segments

School [Ja-_
choo .'_ e Hill

RIVER A
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Step 6: Select one segment. Using a random number table (see Appendix 6), choose a random number
between 1 and the number of segments in the cluster. Note that the random method of “picking numbers
from a hat” could also be used, where the segment numbers are written on separate pieces of paper and
folded in half to hide the number, placed in a hat or bowl, and one selected. If possible, the person who
selects the segment should not be the same one who identified the segments, in order to prevent any

inadvertent bias.

Segmenting urban areas may be easier than segmenting rural areas. Cities and towns are usually
organized into blocks or other similar units. When using census enumeration areas in cities and larger
towns, maps are usually available showing streets and blocks. If unavailable, such maps can be easily
drawn. A quick drive through the area will let you know whether there are an approximately equal
number of dwellings per block. If so, the cluster could be segmented by blocks, or parts of blocks.

Example: Let us suppose that an urban cluster includes 18 very similar blocks and they are to be
divided into seven segments. Divide 18 by 7 to obtain 2.6 blocks per segment. Divide the cluster

into seven segments with two and a half blocks each (the last segment will include three blocks).

If the number of dwellings per block varies considerably, approximate the total number of dwellings in
the cluster and dividing them into segments with a similar number of dwellings. When sketch-mapping
rural areas you usually do not have to worry about separating dwellings from households, however in
urban areas you may need to determine the number of households in multi-story buildings (e.g. apartment

buildings).

4.1.2 More Detailed Map of Area Selected and Selecting Households —
Random or Systematic Selection of a Fixed Number of Households
Method

Once the precise area where the survey is to be performed is determined, the sketch-map of the area
may need to be double-checked and improved upon. This may mean visiting the segment and double-
checking the accuracy of the location of the households and placing additional landmarks on the map (See
Figure 4.4). If possible, an official of the area could assist with determining which dwellings are
occupied and which dwellings have multiple households. In areas where groups of households live in
compounds or large buildings, you may need to visit the site and determine the number of households. If

it is found that there are many more than 60 households in the segment/cluster, then it may be necessary
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to divide the area into approximately equal size subsegments based on number of households, and

randomly select one segment to survey.

Figure 4.4. Close up of Segment 4 as shown in Figure 4.3.

4.1.2.i Questions and Answers concerning Segmentation with Random or
Systematic Selection of a Fixed Number of Households

e What is the ideal cluster/segment size for a survey?

Different investigators may have different preferences. One possible rule is that when
randomly or systematically selected households, usually there should be 1 to 3 times the
number of households to be assessed in the cluster/segment. A value of 1 means every
household in the segment is assessed, and a value of 3 means every third household is
assessed. For selecting the next nearest household or households in a specified direction,

this is less of an important issue.

e  What if there is fewer than the number of households to be assessed within a selected village?

One approach is to survey all the households in the cluster and select remaining
households from the nearest village. This is considered a reasonable approach in that
households in a neighboring village are likely to be similar to those in the selected
village. For example, if 30 households are to be assessed in each cluster and the team
visits a cluster and finds it only contains 20 households, they would need to go to the next

village and select 10 households most likely using a segmentation approach.
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= [f the village has just slightly below the number of households to be assessed in each
cluster (say 1 or 2 households less than required), usually the team would just assess the
households in the cluster and not attempt to go to the next nearest village. The survey

protocol should have specific instructions on how to deal with various scenarios.

4.2 Selecting Households using Random or Systematic
Selection of a Fixed Number of Households

On the map, sequentially number the households from 1 to the number of households in the segment. Ifa
dwelling has multiple households, assign each household its own number. Figure 4.4 shows segment 4

from Figure 4.3; the households in this segment would need to be numbered from 1 to 49.

4.2.1 Random or systematic selection of a fixed number of
households

Simple random or systematic sampling of a fixed number of households, from a statistical viewpoint, is
the preferred method for selecting households in a selected cluster or segment. Both methods generally
require an accurate map of the cluster or segment with households sequentially numbered as described
previously. Using the example of assessing 30 households in each clusters, if there are >30 households,
then randomly select households to be surveyed using a random number table or by picking numbers

from a hat. Examples of random and systematic sampling are provided next.

4.2.1.i Example of random sampling approach:

a. Assume a segment includes 60 households and 30 are to be selected.
b. Number the households from 1 to 60.
c. Use a random number table (Appendix 6) to select 30 unique numbers between 1 and 60

to identify the 30 households based on the random numbers selected.

4.2.1.ii Example of systematic sampling approach:
If systematic selection of a fixed number of households is to be used, if the teams are to assess 30

households and if there are exactly 60 households in the cluster, then they would randomly select the
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number 1 or 2. If the number 1 is selected, all odd numbered households are assessed. If the number 2 is

selected, all even numbered households are assessed.

a. Calculate a sampling interval (number of households in segment + 30 households to be
surveyed): 60 + 30 = 2 (every second household would be surveyed)

b. Number the households from 1 to 60.
Select a random number between 1 and sampling interval (in this example, 2).

d. To identify the first household, select household number 1 or 2 on the map depending on
the random number selected.

e. Select every 2™ (sampling interval) household; in this example, this would either be the

even numbered or odd numbered households.

It is unlikely that there will be exactly 1, 2, or 3 times the number of households in the
cluster/segment. For example, say 30 households are to be assessed and there are 36 households in the
cluster/segment. First, the sampling fraction is the number of HH is the cluster divided by the number of
HH to be sampled, in this example, 36/30 = 1.2. This means every 1.2 households are to be selected. To
do the selection, first pick a random starting value, either 1 or 2, then assess every 1.2 households by
rounding. For example, say “1” is the randomly selected, so household 1 is assessed; add 1.2 which is 2.2
(1 +1.2=2.2), round down to 2 and assess household number 2; add 1.2 (2.2 + 1.2 = 3.4), round down
and assess household number 3; add 1.2 (3.4 + 1.2 = 4.6) which would be rounded up to 5, so assess
household 5, and so on. For this cluster, the selected households would be:
1,2,3,5,6,7,8,9,11, 12,13, 14, 15, 17, 18, 19, 20, 21, 23, 24, 25, 26, 27, 29, 30, 31, 32, 33, 35, 36

Alternatively, another option is to systematically select, in this example, the six households to not
assess. The sampling interval would be 36/6 = 6, randomly select a number between 1 and 6, remove that
one from the selection, and then remove every 6™ household. For example, say the random number was
4, so household 4 would not be selected; 4 + 6 = 10, so exclude household number 10; 10 + 6 = 16,

exclude household number 16, and so on.

4.2.1.ii General Issues on Random or Systematic Selection of a Fixed Number
of Households

The survey team should survey only selected households. If during the survey one of the dwellings to
be surveyed is found to have more than one household, determine how many households occupy the
dwelling and randomly select one to survey. If acceptable to the head of household, the team supervisor

can mark entrances to identify dwellings to be surveyed as well as those already surveyed.
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4.3 Random selection of first household

Another approach is to randomly select the first household and then select subsequent households in a
specified manner. This approach can be used with the fixed number of households or quota sampling
approaches. The selection of the first household can be done using different methods depending upon the
size of the segment and whether a listing or map of households is available. These steps are described in

more detail below.

4.3.1 Selecting the First Household

If the survey is to be performed in a large area, such as a city, it may be necessary to first divide the area
into segments or subsegments described previously. For the cluster/segment to be surveyed, a map must

be available and the steps for selecting households are:

Step 1: Number all of the households.
Step 2: Randomly select a number from 1 to the highest numbered household. The number can be
selected using a random number table or other predetermined method.

Step 3: Go to the selected household.

4.3.2 Selecting Subsequent Households

We recommend that, based on the map used to select the first household, subsequent households be
selected based on the map using prespecified rules. For example, on the map, draw a line the houses to
the left of first household (facing the household to the street); continue to select households to the left. If
an intersection is reached, turn left, and continue the household selection process.

We do not recommend using the “next nearest household” approach as presented for EPI surveys

because this may bias the results.
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4.4

Some general notes on the household selection process

Some important issue on assessing clusters and households include:

A survey team must survey only the clusters as determined by the survey coordinator. Survey
teams should never substitute another site as a cluster unless instructed to do so by the national
survey coordinator.

All those involved in planning and implementing the survey should understand that the primary
purpose of the survey is NOT to estimate the prevalence of micronutrient deficiencies in selected
clusters, but to derive a national estimate, or in the case of a stratified survey, stratum-specific
estimates. In some clusters, those surveyed may primarily consist of lower income households,
while in others they may consist of higher income households. When data from all clusters are
combined, the results will provide a reasonably valid national estimate.

At the cluster level, e.g., a village, it is important that the village leaders understand that a specific
method will be applied in their village to select households, and the same method will be used in
all other villages selected for the survey. The selection of an area or households to be surveyed
should never be influenced by local officials or based on convenience to field workers. However,
local officials can be helpful in providing legitimacy to the survey team and improve the
likelihood that people would participate in the survey.

When discussing the survey with local officials, try to confirm the population size of the cluster,
the number of households, the availability of maps, and other information that might be useful to
most readily identify and randomly select households. Local officials can also be helpful in
providing information on the boundaries of the cluster or segments so that sketch maps can be
easily developed if needed.

Team members should understand that the purpose of a national micronutrient survey is to assess
a cross-section of the population to develop a valid estimate of the prevalence of nutrient
deficiencies and coverage of interventions across the country. Confusion can arise when survey
team members or local officials incorrectly believe the goal is to seek and identify individuals

with deficiencies.

It is expected that in some clusters fewer than the predetermined number of households will actually

be assessed. However, all selected households must be accounted for, and for those not participating, the

reason for nonparticipation recorded. Such circumstances are to be accounted for by increasing the

calculated survey sample size by an expected rate of non-complying households or individuals (as

Indicators and Methods for Cross-Sectional Surveys of Vitamin and Mineral Status of Populations 56



described in Section 3.5.4). Under no circumstances would it be appropriate for survey teams to
substitute households in the field. In addition:

= The survey team, not local officials, must select households to be surveyed; and

» Every attempt should be made to locate eligible individuals in selected households.

When sampling using the fixed number of households approach, the team visits the predetermined
number of households in each segment. The team will attempt to gain permission to survey every
selected household and eligible individuals in these households. It is expected that in some households:

= There may be no one at home while the survey team is in the cluster, even after revisiting
the dwelling

* There may be no eligible individuals within the household

* Not all individuals eligible in a household will be available for the survey, even after
revisiting

= Some households may refuse to participate

* In some households the head of household may provide permission for the survey team to

survey household members; however, some individual members may refuse to participate

Performing the survey during hours when people are most likely to be at home or, by working with
local leaders, request that people remain near their homes until the survey is completed can enhance
participation of survey subjects. For households where either no one is home or some eligible individuals
are not available when the survey team first visits the dwelling, a standard approach to revisiting such

households should be applied by all survey teams.

4.5 Selection of eligible individuals within households

As a general rule, we recommend that everyone within a household meeting the eligibility criteria should
be surveyed. For example, if one eligibility criterion is women 15-49 years of age, and there are three
women meeting this criterion in the household, we would recommend that all three be requested to
participate. An alternative approach would be to randomly select one of the three women, however this

approach would require a sampling weight in the analysis of the data.
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Chapter 5
Survey Planning, Organization, Training, and
Field Work

Important components necessary to conduct a successful survey are supervision, planning, organization,
and coordination, all of which require good communications. Supervision is important to assure quality
data collection and adherence to the survey protocol. Coordination is important to ensure that all teams
follow similar procedures. Other essential requirements are having detailed protocols for the field

activities and sufficient supplies and equipment.
5.1 Supervision

One individual should be assigned as the survey manager to oversee all aspects of survey planning and

implementation. Additionally, each team should have a designated team supervisor. This supervisor is

responsible to assure:

e  Proper protocol is followed in contacting local civil and health authorities in each cluster

e  Standard procedures are followed to ensure quality data collection in all components of the survey

o Consent is obtained from participants and that potential survey subjects are aware of their right to
refuse participation in the survey and to withdraw from the survey at any time.

e  The survey manager is informed regularly regarding the progress of data collection in the field, as

well as any problems so that solutions can be implemented in a similar manner by different teams.
5.2 Coordination and Communications

Adequate coordination and communications between the field teams and the survey manager are
essential. In many countries the communication infrastructure outside of urban areas can be poor. It is
recommended to provide each survey team with a field radio, mobile phone, or satellite phone to allow
the survey manager to keep track of progress and solve problems in the field. Appropriate individuals

should be notified of shipments of biologic specimens from the field to assure proper handling and
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storage. In some circumstances it may be useful to provide teams with global positioning systems (GPS)
to assist teams in finding selected clusters. Some satellite phones and other equipment can be used to

record the altitude which can be used at the analysis phase of the survey to correct hemoglobin values.

5.3 Protocol

Each team must fully understand the survey procedures based on training and need to have a
comprehensive protocol describing each step of field work and contingencies for dealing with problems,
such as equipment failure or supply problems. The protocol should include clear instructions on handling
and shipping completed survey forms and specimens. Some considerations in designing the survey are

described below.

5.4 Recruitment of Survey Teams

The composition of the survey team is important in ensuring that the work is performed systematically
and with good quality. Personnel recruited or assigned responsibility for the survey should be able to
focus exclusively on the activity. Each survey team should have one individual designated as the “team
supervisor.” The team supervisor’s role is to assure that clusters selected are actually surveyed, to
visually verify that all forms are completed correctly, and the collection of specimens and other
information is performed correctly. The number and types of other team members will depend upon the
survey protocol. For the collection of biological specimens, a laboratory technician will need to be
identified. It is important to develop a clear list of responsibilities of each team member and to
communicate these within the first few days of training. It is helpful to have checklists in the field as
reminders of roles and specific duties.

The number of teams to perform the survey will depend on a number of factors, including the number
of clusters selected and the span of time to complete the survey. At one extreme a single team could
assess every cluster, which would most likely increase the level of consistency in the way data are
collected, however it may take a long time to complete the survey. At the other extreme there could be a
different team for each cluster which would likely result in the survey being completed in a short period
of time but potentially less consistency in data collection. To assure consistency in data collection, the
fewest number of teams should be trained to collect data in a reasonable amount of time. Box 5.1 poses

some questions concerning the number of survey teams and number of clusters.
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Box 5.1 Survey team Calculations.

How many survey teams?

How many clusters are to be surveyed nationwide?

Average number of clusters to be surveyed per team?

Factors that might influence the number of teams and number of clusters to be surveyed per team in
Box 5.1 include the average amount of time a team will spend in a cluster and the average amount of time
it takes for teams to travel from cluster to cluster. Our experience with micronutrient surveys collecting
biologic specimens is that it generally takes 1 day to assess 10 households in a cluster and 2 to 3 days to
assess 30 households within a cluster. Travel time between clusters can vary dramatically between
countries and within countries depending on the size of the country and transportation infrastructure.

Please provide estimates of these times in Box 5.2.

Box 5.2 Estimates of Survey Duration.

On average, how long would it take a team to survey one cluster? day(s)
On average, how many days of travel are there from one cluster to the next? day(s)
Add the two above averages together: days

Multiply the above number by the number of clusters each team is expected

to survey days

Estimate the amount of time it will take to complete the survey

taking into account weekends and holidays days
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5.5 Pilot Testing

Pilot testing should be performed on all aspects of the survey. The questionnaire should be translated into
the local language and tested. Pilot testing is useful to estimate the amount of time it will take to
complete the survey in each cluster and to identify any potential problems with the survey instruments
and protocol. The pilot testing should be undertaken in conditions similar to the field to simulate the
actual data collection. Questionnaire validation and other (pilot) community-level training activities
should take place in places different from those selected for the survey. Following the pilot test, all
survey teams should convene and discuss the experience and modifications made, if necessary, to the

protocol.

5.6 Training team members

Training of the team is an extremely important aspect. Training generally entails having documents that
provide details on data collection, processing, storage, and shipping. A training schedule should be
designed and those who are going to perform the training need to be identified early on for assisting in
producing the training materials. It is recommended that an extra team be trained in case someone is
unable to perform the field collection. Generally the training would include having in-class presentations
over the various aspects of data collection followed by a test field collection experience. After the field
experience, the team reassembles and discusses the field aspects. Appendix 7 provides guidelines for

interviewing participants.

5.7 Development of Survey Instruments and Forms

The survey instruments should be as concise as possible while addressing the primary objectives of the
survey. The major agencies responsible for the survey should be involved in the development of survey
objectives and in proposing indicators and questions for the survey. The questionnaire will depend upon
the indicators selected, but may include one or more of the following: demographic information;
socioeconomic information; knowledge, attitudes and practices (KAP); and information related to the
collection of specimens. At times it may be necessary to conduct qualitative interviews regarding

selected topics prior to the cross-sectional survey to develop appropriate closed-ended questions.
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While it may be tempting to collect information on many different characteristics, it is important to
remain focused on questions that will provide the most relevant information based on survey objectives
for assessing the current state and for future planning. For each question, thought should be given as to
how the results of the question would be used, whether analysis of the question can potentially impact
overall program management, be used to improve the health of the population, and precisely how the
information would be presented in a table. We strongly recommend that countries use a questionnaire
similar in design and wording as the UNICEF MICS and DHS. The UNICEF MICS questionnaires are
available in English, Spanish, French, and Russian (www.childinfo.org). Standard methods for analyzing
the data and tables are provided in the MICS documentation. Using the same or similar wording in the
questions and similar tables for presenting results will allow for comparison within and between
countries. Appendix 3 presents a sample questionnaire modified from the UNICEF MICS as an example

of the type of questions that may be included as part of a micronutrient survey.

5.8 Other survey forms and documents

A number of additional materials will need to be developed to support the implementation of the
survey and to monitor the progress of the fieldwork. Forms to accompany biologic and other specimens
collected in the field and shipped to the laboratory would need to be developed. A comprehensive manual
for field staff that provides guidelines for the survey would need to include detailed information on
conducting interviews and measurement technique, information on each question, including the range and
definition of responses. It is best if the manual is used in all stages of training, pilot field work, and in the
field for the duration of the survey. This will help ensure a high degree of standardization and

consistency, especially when several survey teams are involved with the survey.

5.9 Equipment and Supplies

Equipment and supplies are often not considered early enough in planning for a survey and can end up
being a bottleneck that delays fieldwork. It is very important to develop a complete listing of all supplies
needed with the number of items required (add approximately 10% to the number of items to order to
assure adequate supplies). It is recommended that supplies be ordered at least six months prior to the
training and field implementation. Table 5.1 provides an initial listing of supplies, although this would

need to be modified depending upon which indicators are to be assessed and whether blood is
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Table 5.1 Partial field Equipment and supply needs

Item to be collected/tested

Equipment/Supplies needed

General Supplies

Questionnaires

Consent forms (if required)
Clip boards

Pens or pencils

Survey manual

Local calendar

Map of survey areas

General biologic specimen
materials

Disposable surgical gloves (different sizes, depending on make-up of team members)
Biomedical waste disposal bags and hard-shell containers

Serum Collection (Venipunture)

Vacutainers (anticoagulant depends on specimens to be analyzed)
Tube labels

Tube racks

Permanent ink pens

Sterile disposable needles

Butterfly needles (for small children)

EPI cold boxes with frozen packs

Bandaids

Dry gauze pads

Alcohol swabs (or cotton balls and alcohol)
Tourniquets

Serum Collection (Capillary blood
collected by finger stick)

Microtainers (anticoagulant depends on specimens to be analyzed)
Tube labels

Tube racks

Permanent ink pens

Sterile disposable lancets

Bandaids

Dry gauze pads

Alcohol swabs (or cotton balls and alcohol)

Container for disposal of biological samples and accessories

Dried Blood Spots from a finger
stick

Sterile disposable lancets

Filter papers

Alcohol swabs (or cotton balls and alcohol)
Band-aids

Dry gauze pads

Ziploc bags

Silica gel sachets

EPI cold boxes with frozen packs

Hemoglobin

Hemocue™ or other equipement to measure hemoglobin (in addition to supplies for
blood collection)

Urinary iodine

Disposable cups for collecting specimens

Screw-capped tubes for urine storage and transportation
Disposable pipette for transferring urine from cup to tube
Tube labels

Tube racks

Cardboard with styrofoam-insert boxes

Mailing/shipping labels

Permanent ink pens for labels

Sealable plastic bags

Todized Salt
Rapid test of iodine in salt
Salt samples for titration (optional)

Rapid test kits (available from UNICEF); one vial can test approximately 50 salt samples

Tube, bags, or packages for salt samples to be sent to a central laboratory for salt iodine
titration analysis

Other Survey Equipment

Scales (for measuring weight)
Height/length boards
Other equipment as needed
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collected from finger stick or by venipuncture. If laboratory tests are to be performed within the country,
it is important that all necessary equipment and reagents for the laboratory be obtained.

Prior to going to the field each team should complete an inventory to ensure they have adequate
supplies. All electronic and mechanical equipment should be properly tested to assure they are accurate
and in working condition. Appropriate testing of some equipment will need to be performed on a routine

basis in the field. Backup devices should either be with each team or available at a central site.

5.10 Logistics

A very time-consuming aspect of cross-sectional surveys is the logistics. This would include the ordering
of all equipment, organizing pilot studies, organizing the training, and the actual field collection issues of
vehicles, drivers, other forms of transportation, and accommodations. Having a person familiar with the
administrative aspects of these types of arrangements is important to the overall success of a survey. This

person is generally in addition to the survey manager/director.

5.11 Transportation and Lodging

The number and types of vehicles needed to perform the survey need to be determined early on and will
depend upon the terrain, number of personnel on the survey team, the equipment, and security needs. In
some settings four wheel drive vehicles will be necessary while in others a mini van will suffice. Lodging

for survey teams is usually arranged prior to the field implementation.

5.12 Disposal of Contaminated Materials

All biomedical waste should be handled, packaged, labeled or color-coded, transported, and
decontaminated in accordance with the requirements within the country. Usually, approved methods of
decontamination of biomedical wastes are autoclaving and incineration. In some countries, blood and
urine may usually be discarded either by carefully decanting into the sanitary sewer with 10% household

bleach, by autoclaving, or incineration.

Indicators and Methods for Cross-Sectional Surveys of Vitamin and Mineral Status of Populations 65



5.13 Budget

The cost of the survey will depend to a great extent on the sample size and expense of laboratory tests.
As a general rule, doing interviews and performing hemoglobin and urinary iodine tests in a 30 cluster
survey with around 20-30 households per cluster will cost around $120,000 USD to $150,000 USD, or in
the range of $120 USD to $160 USD per household. If expensive serologic tests are performed the costs
can increase dramatically. There is a need to balance the number of households and individuals to survey
with an acceptable level of precision against the cost of performing the survey. This usually means there
needs to be some tradeoffs, such as either reducing the overall sample size, eliminating some tests, or

performing expensive tests on a sub-sample.
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Chapter 6
Data Entry, Cleaning, and Analysis

The careful entry of survey data, cleaning of the data, and proper analysis are important. Similar to
efforts to assure quality in the collection of data and in the handling and processing of specimens in the
laboratory, adequate planning and procedures apply to the way data are entered into the computer and

analyzed. This chapter discusses issues on data entry, cleaning, and analysis of data.
6.1 Data Entry

The data entry system must be decided upon prior to the start of the survey. Some important issues are

which software program to use for data entry and the identification of an individual to develop the data

entry system. Common programs used for data entry are Epi Info® (www.cdc.gov/epiinfo), Epi Data

(www.epidata.dk), and CSPro (www.census.gov/ipc/www/cspro/). Other programs can be used for data

entry, but as a general rule, the data entry system needs to be developed within a relatively short time

period. It is best to use a program that could easily be modified by others should the primary developer

be unavailable.
Three possible ways to have data entry performed are:

e As the data are collected: Enter the data onto computer while the participant is present, this allows
for the immediate double-checking of suspect data and the ability to re-measure a participant. This
method also identifies errors in completing the forms and would require each team to have a portable
computer, electricity, requires training of the survey personnel for this purpose, and may increase the
cost of the survey. Personal digital assistants (PDAs) are becoming more widely used for collecting
data in surveys.

e FEnter data at the end of the day by the survey team. While not as flexible as option 1, this approach
could also allow for correction of erroneous data by allowing the team to return to a cluster.

e  FEnter data at central location. This method has the advantage of having a few experienced data
entry personnel performing data entry, usually with fewer errors. This approach makes it difficult to
correct errors due to incorrect information written on the forms. Rapid data entry allows survey
managers and team supervisors to identify erroneous data collection procedures early in the survey
which allows corrective action and we therefore recommend that no more than one week should pass

between data collection and data entry.
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A data dictionary should be developed that defines each variable in the database with its acceptable
values (an example shown in Table 6.1). Ideally, data entry should perform error checking as data are
entered.

When data are collected on paper forms, it is strongly recommended that the data be entered two
times to identify data entry errors, a process referred to as “double data entry.” While double data entry
requires time and resources, the benefit of having as accurate a data set for analyses as possible is well
worth the effort.

In many studies the questionnaires are first entered into the computer and later the results of
laboratory analyses added to the files. The same rigor in which the questionnaires were entered should be

applied to the data entry of laboratory results.

Table 6.1 Example data dictionary

Variable Variable Variable Type Variable Values/Notes
Name Width

Participant ID no. ID Numeric 3 001-900

Cluster number CLUSTER Numeric 2 1-30

Age in months AGE Numeric 2.1 6.0-59.9 months

Date of birth DOB dd/mm/yyyy

Sex SEX Numeric 1 1=Male, 2=Female

Date of Survey SURVEY dd/mm/yyyy 15/06/2004-20/08/2004

Hemoglobin HB Numeric 2.1 4.0-18.0

Urinary iodine Ul Numeric 4.1 0.0-1000.0

Iodine levels in salt IODINE Numeric 2 0,7,15,30

based on rapid test kit

*Note: these may not be correct minimum and maximum values for use in populations living at high altitudes

6.2 Data Cleaning

After correcting any data entry errors by comparing double-entered data, further data cleaning is
performed to identify potentially erroneously recorded data which usually cannot be verified and
corrected. This usually means performing a frequency of every variable to assure that the values are
within an acceptable range, which should be defined in the data dictionary (Table 6.1). For example,
individual ID numbers are usually unique and should occur only once in a data file - if there are duplicate
ID numbers, it could be that: one questionnaire was entered two times; two different individuals were

assigned the same ID number; or one of the two was entered incorrectly.
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Logical errors should be investigated. Examples include:
e  Assuring that the date of birth cannot be after the date the individual was surveyed
e A calculated age (calculated from the date of survey and date of birth) is similar to the stated age (the
age as stated verbally)
Any errors found should be corrected or deleted from the database and the cleaning process repeated
until the data are considered “clean.” The number of missing responses for each variable should be
investigated. If there are a large number of missing values, make sure that these are not a result of data

entry.

6.3 Data Analysis

The analysis of data should take into account the complex design of multi-stage cluster surveys.

Commonly used computer programs that allow such analyses include Epi Info’ (www.cdc.gov/epiinfo),

SAS version 8.0 or later (www.sas.com), SPSS with the optional SPSS Complex Samples module

(www.spss.com), Stata (www.stata.com), and Sudaan (www.sudaan.com). All calculations should be

considered as estimates of the “true” values for the target population. Ninety-five percent confidence
intervals around prevalence and coverage estimates provide a range of values in which the "true"
proportion is likely to be “captured.”

In the interpretation of data, it is important to remember that sampling errors, measurement errors,
and the skill of the survey team members influence survey results. In general, if a stratified survey is
performed, prevalence estimates are provided for each stratum as well as a national estimate. Information
collected at the cluster level is usually not presented in a survey report but they may be useful to identify
geographic areas where the prevalence of micronutrient deficiencies are much higher than expected or the
coverage of interventions much lower than expected. Therefore, further investigation into clusters where
problems appear to be present may be warranted. There are differences in how data are analyzed
depending upon whether or not the PPS methodology and/or stratification were used and described in the

next two sections.

6.3.1 PPS Surveys

With a single PPS survey where sample weighting is frequently not necessary, it is relatively

straightforward to calculate a proportion. Consider iodized salt use in a single PPS survey - all that is

Indicators and Methods for Cross-Sectional Surveys of Vitamin and Mineral Status of Populations 69



needed is to count the number of salt samples found to be adequate divided by the number of salt samples
tested, which could easily be calculated by hand. For example, if 300 households had salt available for
testing and 157 had adequately iodized salt, then the proportion of households with adequately iodized
salt would be 157/300 = 52%. If a single school-based PPS survey was performed and 451 children out
of 600 had a UI < 100 pg/L, then the proportion would be 451/600 = 75%.

While the calculation of the proportion for PPS surveys is straightforward, the calculation of 95%
confidence intervals is more complex. The 95% confidence interval is an important part of presenting the
results because it provides a range that, with 95% confidence, captures the "true" proportion. Also, the
width of the confidence intervals provides a measure of the precision of the survey; the narrower the
confidence limits, the greater the precision. In comparing one area to another or the results of two
surveys performed at different times in the same area, the confidence intervals can assist in determining
whether the difference between two prevalence estimates is significant (note that a statistical test taking
into account the survey design could also be applied).

Given equal sample sizes, confidence intervals for PPS surveys are usually wider than those using
simple random sampling. This is because in PPS the first stage of selection is the cluster, and the second
stage of selection is individuals and/or households. It is beyond the scope of this manual to explain this
concept further. There are a number of introductory survey statistics textbooks that provided these
details.

Epi Info Version 6 (DOS) has a module for analyzing complex survey data called Csample. This
program can calculate correct confidence intervals for cluster survey data. Additional information on use
of Csample can be found in the Epi Info documentation. The Windows version of Epi Info (starting with
version 3.0) has commands in the Analyze Data module that can take into account complex sample
designs. The commands are Complex Sample Frequencies, Complex Sample Tables, and
Complex Sample Means. An example using real data from a district in a country using the DOS

version of Epi Info is described next.

6.3.1.i Example of analyzing PPS survey data using Csample

In this example, thirty schools were selected by PPS, and within each school, an average of 12 students
had urine samples collected. A variable called UILT100 was created that dichotomizes Ul into groups,
where an Ul <100 pg/L was coded as a “1” and >100 ug/L coded as a “2”. After reading the Epi Info
data file (a ".REC" file), the second Csample screen is shown in Figure 6.1. The Main variable
(UILT100) is that which identifies whether or not the UI was less than 100 pg/L. The other important

variable is the PSU (primary sampling unit), which in a cluster survey is the variable that identifies the
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clusters. In this example, the variable is called cluster. The other parts of the screen (Strata,
Weight and Crosstab) are left blank. The results of the analysis are shown in Figure 6.2. The
interpretation of the output is that only 8.6% of the urine specimens had an iodine level <100 pg/L and
the 95% confidence limits are 3.8%, 13.4%. More details on the output in Figure 6.2 are provided below:

Obs The number of observations; in the example where UILT100 = 1, there were 31
children with a low urinary iodine

Percent V The “vertical” or column percent; in the example where UILT100=1, 8.587% (31/361)
had a low urinary iodine (UILT100=1)

SE% The standard error

LCL% The lower confidence limit in percent; in the example where UILT100 = 1, the lower
confidence limit is 3.793%

UCL% The upper confidence limit in percent; in the example where UILT100 = 1, the upper
confidence limit is 13.382%

Total Obs The total number of observations with valid data

Design eff. The design effect
Figure 6.1 Example of initial Csample screen from Epi Info 6.04 (DOS version)
"% Command Prompt - czample

a

EPI Info Cluster Sampling Analysis vers 6h.H@4

a

trata
I ] ]
su eight
] ] h-
Ualue
rnsstah
Ualue
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“—i S

F1 Help Fi8 GQuit

The design effect (DEFF) was 2.75, which would indicate that there was moderate variation in the
proportion of individuals with low UI values from school to school. In this example, the proportion of
students with low UI values by school ranged from 0% to 50% (data not shown).

If the cluster design of the survey had been ignored (i.e., an analysis ignoring the complex sample
design and analyzed as though the data were collected using simple random sampling), the proportion of

urine specimens with low values (<100 ug/L) would be the same (8.6%), but the confidence intervals

would be too narrow (5.7%, 11.5%).
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Figure 6.2 Example of output from Csample module of Epi Info 6.04 (DOS version)

CTABLES COMPLEX SAMPLE DESIGN ANALYSIS

Analysis of UILT100

UILT100

| | Total |
— E— [
11 | |
| Obs | 31]
| Percent V 8.587]
| SE% | 2.446|
| LCL% | 3.793]
| UCL% | 13.382]
P — |- [
12 | |
| Obs | 330]
| Percent Vv 91.413]
| SE% | 2.446]
| LCL% | 86.618]
| UCL% | 96.207]
——————————— o |
|Total Obs | 361]
|-----—————- |-----———— |
|Design eff.| 2.752]

Sampling Weights—None
Primary Sampling Units from CLUSTER
Stratification—None

839 records with missing values

6.3.2 Stratified PPS Surveys

If the overall survey were divided into different geographic areas (“strata”), and a separate PPS survey
performed in each area, this is referred to as a stratified PPS survey. The previous section is applicable to
the analysis of each stratum separately; however, usually an overall estimate is desired combining all
strata. In order to derive a correct overall estimate, sample weights most likely need to be applied to each
stratum to account for differences in population size in each. In this section the weighting of data will be
shown by two different methods; the first will be calculating the estimates by hand and the second will be
the use of Epi Info to perform a weighted analysis.

For example, say a country performs a stratified PPS survey; one survey in the capital area (Region
A); one in the mountainous region (Region B); and one in the rest of the country (Region C; Table 6.2).
Table 6.2 shows that 62.9% of the population lives in the capital area, 21.6% in the mountainous area, and

15.5% in the rest of the country.
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Table 6.2 Example of weighted analysis performed by hand

Region Population Distribution Urine Samples Tested Low Ul
Distribution
n % n % n Prevalence
of low Ul
(Yo)*
A 372,978 62.9 334 34.5 112 33.5
B 127,841 21.6 324 33.5 185 57.1
C 92,117 15.5 309 32.0 119 38.5
Total 592,936 100.0 967 100.0 416 -

*Number with low Ul value divided by the number of samples tested

The number and percent of Ul samples collected in each region are shown in columns 4 and 5,
respectively. The last two columns on the right are the number of urinary iodine values <100 pg/l and the
prevalence of low Ul by region. When combining results from the three strata, the differences in
population size needs to be considered. An incorrect approach to estimating the percentage of the
population with low Ul values would be to sum up the number of individuals with low Ul and divide by
the number of samples tested (416 / 967 = 43.0%). This is the correct percentage of the number of
samples with low Ul, but is not a correct estimate of the percentage of the target population with low UL
To determine the weighted prevalence of low Ul for the entire population, it is important to take into
account the size of the population in each region. For this example, we will use the percentage of the

population in each region. The correct overall population estimate would be:

[(62.9% x 33.5%) + (21.6% x 57.1%) + (15.5% x 38.5%)] / 100 = 39.4%

In the above calculation, the percent of the population that lives in each region is multiplied by the
percent of individuals with low Ul and these values summed. The last step is to divide by 100, which
provides the more correct weighted estimate of 39.4%.

The previous example depicts how to perform weighted analyses by hand and is provided to present
the concept. The more common approach is to add sample weights to a data file and apply these weights
in the analysis. For the following example the Epi Info software program will be used, but similar
methods can be used to weight estimates in most statistical software programs. The steps to weight data
require some calculations by hand and then some programming. First, the weights are calculated by hand.
Using the example from Table 6.2, the first five columns are repeated in Table 6.3. The last column on
the right is for the weights for each region. The weight is determined by dividing the percent of the

population in each region by the percent of the sampled participant in each region. For example, for
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region A, the weight is 62.9 / 34.5 = 1.823. Once these weights are calculated, then they need to be added
to the data file. Each individual in the file from region A should have the weight 1.823. To do this in Epi
Info’s ANALYSIS program, you need to first create or DEFINE a variable and then give values to the

new variable. An example is as follows:
DEFINE SWEIGHT #.###

IF REGION = “A” THEN SWEIGHT = 1.823
IF REGION = “B” THEN SWEIGHT = 0.645
IF REGION = “C” THEN SWEIGHT = 0.484

Table 6.3 An example of calculating weights for use in computer program

Region Population UI Samples Tested Sample
Weight
n % n %
A 372,978 62.9 334 345 1.823
B 127,841 21.6 324 335 0.645
C 92,117 15.5 309 32.0 0.484
Total 592,936 100.0 967 100.0 -

Another acceptable approach to weighting the data is to divide the population in region by the number
sampled in that region. For example, the weight for Region A would be 372,978/334 = 11,167.03. This
calculated value can be thought of as follows: for every individual sampled for a urine specimen, they
represented 11,167.03 individuals of the region’s population. Weights could similarly be calculated for
Regions B and C. Use of either sample weights in a complex sample computer program would provide
the same estimates.

To have the analyses take these weights into account in Epi Info’s Csample program, you need to
provide the weight information in the dialog box (see Figure 6.1). Further details and examples can be

found in the chapter on Csample in the Epi Info documentation.

6.3.3 Non-PPS Surveys

It may not always be possible to perform a PPS survey. For example, if clusters were selected using a
simple random or systematic sampling methodology, and a sample of respondents interviewed in each

cluster, the population size of each sampled cluster is required to correctly analyze the data, which must
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be weighted. The approach to weighting is similar to that described in the previous section. The
difference would be that the population size in each cluster surveyed would be used to calculate the

weight.

6.4 Summary

This chapter describes issues related to data entry, data cleaning, and data analysis. These are important
aspects of assuring good data quality in the development of the preliminary and final reports. Issues
related to using programs that account for complex sample designs and weighted analyses were presented.

Examples of the types of tables for a survey report are provided in Appendix 8.
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Chapter 7
Development of Preliminary Report, Final Report,
and Program Management

Analysis of data, producing preliminary and final reports, and using these results to improve the health of
the population are important aspects in the survey process. The amount of time allotted to data analysis
and report writing is frequently underestimated. Depending on the complexity of the survey, the final
report may be 100 to 200 pages or more and take 6 to 18 months to complete. Because of the long time it
usually takes to complete a final report, it is recommended preliminary report on the key survey outcomes
being developed and used for program management within a few months after the completion of the
survey.

The results of the survey should lead to a dissemination event which should include relevant groups
within the country to consider the results of the survey and how these should influence intervention
program planning and policy. It may be useful to have brochures on the key findings of the survey and
slide presentations with the key findings. Follow-up documents might include long-term planning
recommendation and policy documents to reduce disease prevalence and improve intervention coverage,
and documents that perform trend analysis and compare the results of the survey with other sources of
information.

In the following sections are more details on the preliminary report, final report, and other follow-up

activities.

7.1 Preliminary Report

A preliminary report should be produced as soon as possible presenting key results, usually within a few
months following the end of field collection, although this could be longer depending on the availability
of laboratory results. This document could be used for advocacy and program management and is
generally between three and 20 pages depending upon the complexity of the survey.

The Preliminary Report should include the following:
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e Background and objectives of the survey: The major objectives of the survey; how the survey fits
into the larger aspects of the national plan for micronutrient elimination; and institutions involved in
the survey process and funding agencies.

e  Abbreviated Methods section that would include items measured and collected in the survey and the
survey methodology, which would include: Sample design; response rate; and processing of data.
The definition of the indicators, such as the definition for anemia, iron deficiency, and vitamin A
deficiency.

e Key results: Provide results of key indicators that can assist in planning purposes and also for
advocacy.

e  Conclusions and plan of action: What are the major findings and a note of caution that the data are

preliminary and that a more complete report would be available in the near future.

7.2 Final Report

The completion of a comprehensive full report is essential. This final report serves many functions:
e  Provides detailed results of the survey
e  Allows others to evaluate the methods and quality of the survey results

e  May serve as a guide for future surveys

Frequently the final report may take six to 18 months to complete and this report should be shared
with all interested agencies. The report is generally divided into different chapters. One way of
organizing the report is described below; however, different ways of organizing the report can be used.
An important decision that needs to be made in the development of the final report is whether it should
present only the results of the survey or whether it should also include recommendations. In general, a
report that presents results without recommendations can be completed in a shorter time period. Adding
recommendations to the report may make the report more of a policy document which may need to be

reviewed and approved by many individuals in different government agencies.

Executive Summary — This section presents a summary of the key findings and their implications on the
national program with primary recommendations. This section is generally a few pages long.

Introduction — The introduction usually has information on the health effects of micronutrient
malnutrition, the magnitude of the problem, and activities undertaken to eliminate micronutrient

malnutrition in the survey area. Information on previous surveys in the survey area or nearby areas
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should be included. The purpose of the survey described in the report should be clearly stated.
Frequently some basic demographic information for the country is provided.
Methods — The details of the methodology should be presented. This would include describing the
features of the survey methodology, e.g., stratification, primary sampling units, method of selecting
primary sampling units, methods for selecting households, etc. Laboratory methods used in the analyses
of specimens should be provided as well as which laboratories performed the analyses. The statistical
methods used, such as statistical weighting, and the software used for data entry and analysis should be
provided. Important here is to provide the reader with sufficient information to determine if a reasonable
approach to the analyses of data were used. The target groups and the type of information and specimens
collected in these groups are provided. Definitions used to define outcomes, such as hemoglobin cut-
points to define anemia, the definition for vitamin A deficiency, and other conditions. The definitions are
important because sometimes definitions may change over time and it is important to be absolutely clear
concerning the exact definitions used. Do not assume that everyone reading the report will be an expert
in micronutrients.
Results — The first part of the results should provide information on the quality of the survey, such as
response rates and frequency of key variables with missing or incorrect values. This will provide the
reader with some information to allow them to form an impression on the quality of the data, and
therefore the level of confidence to place on the results. The next part is to provide a description of those
who were surveyed, such as the number of individuals by age and sex categories. The final part provides
the detailed tables by topic, for example:
e Iron Deficiency and Anemia
e Vitamin A
e lodine Deficiency

Examples of tables are provided in Appendix 8.
Conclusions — The most important findings should be provided. In addition, any weakness or problems
encountered in data collection and analysis should be provided with recommendations on how to improve
future surveys. If it has been decided to include recommendations into the final report, they would
usually be presented in this section.
Acknowledgements — Acknowledge individuals and institutions that assisted in the design,
implementation, and analysis of the survey.
Appendices — Appendices should include the questionnaires used in the survey and any other documents

that might have more details on the methodologies used to design the survey and training materials.
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7.3 Additional Reports

In addition to the final report, there may be other reports developed. These would include reports on
trend analysis, comparison of the survey results with other sources of data, and more in-depth analyses.
We recommend that these data files be made available to other researchers to perform more detailed

investigations.

7.4 Dissemination

An important element is to share the preliminary and final reports with government agencies,
institutions, donor agencies, NGO’s, and the press. In many settings the release of the results is first
shared with the key agencies and institutions, and then presented in a formal press conference by high-
ranking government officials. These results should be shared with regional and provincial health
authorities, especially if the survey included stratification of geographic areas. Frequently the longer the
interval between completion of the field collection and the release of results, there is less interest,
enthusiasm, and importance placed upon the results. There may be meetings that focus on specific topics,
such as flour fortification.

It would be important to hold meetings with key stakeholders on policies to improve national
intervention programs and, therefore, improve the health of the population. These meetings would
usually entail the development of long-term planning (e.g, five-year plans) that would identify key
individuals responsible for programs, provide timelines on improving intervention coverage, monitoring

programs to assess coverage between cross-sectional surveys, and sufficient budgets.
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Appendix 1
Background on Micronutrient Deficiencies

The purpose of this Appendix is to provide an overview of the magnitude and consequences of
micronutrient deficiencies. While experts on micronutrients will be familiar with this information, those
involved in certain aspects of a micronutrient survey may not. This chapter also summarizes the

importance of assessing micronutrient deficiencies and their interventions.

Al.llron Deficiency (ID), Anemia, and Iron Deficiency Anemia
(IDA)

Iron deficiency is prevalent in both industrialized and developing countries. In the former, severe iron
deficiency is the main cause of anemia. In poor populations, diets may be monotonous and based on foods
low in iron and high in iron-absorption inhibitors. Populations living under these conditions frequently
have low iron stores, particularly young children and pregnant women. In addition to iron deficiency,
anemia is also associated with other nutrient deficiencies (folic acid, vitamin A, B12), malaria, intestinal
parasitic infestations (especially hookworm, schistosomiasis and amoebiasis), and chronic infections such

as HIV, cancer, and tuberculosis.®

Al.1.1 Global prevalence of ID, Anemia, and IDA

Iron deficiency (ID) is the most common nutrient deficiency and anemia, as an indicator of iron
deficiency, affects nearly 2 billion people worldwide, or about a third of the world's population. * Overall,
it is estimated that worldwide 39% of preschool children and 52% of pregnant women are anemic, the
majority living in developing countries.® Many school-aged children, adults (male and female), and the
elderly are also anemic. Iron deficiency can affect all age groups and presents a major hurdle to national

development.
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Al1.1.2 Consequences of ID, Anemia, and IDA

ID has profound negative effects on human health and development. In infants and young children,
functional consequences include: impaired immune function; slowed psychomotor development,
coordination, and scholastic achievement; and decreased physical activity levels.® In adults, iron
deficiency results in fatigue and reduced work capacity. In pregnant women, iron deficiency anemia is
associated with an increased risk of maternal mortality and morbidity, perinatal mortality and morbidity,

and strongly associated with prematurity and intrauterine growth retardation.®

A1.1.3 Interventions for IDA

Common measures to prevent iron deficiency include: iron fortification of commonly eaten staple foods,
selected condiments, and complementary baby foods; iron supplementation; and general public health
measures to prevent parasitic diseases and common infections. At present, in most countries the primary
measure to control iron deficiency and anemia consists of providing iron supplements to pregnant women
and, less frequently, to young children. An increasing number of countries have iron fortification flour
programs. For additional information on the Flour Fortification Initiative see

www.sph.emory.edu/wheatflour/main.htm.

Al.2 Vitamin A Deficiency (VAD)

Vitamin A deficiency (VAD) is a major public health problem with the most vulnerable being preschool
children and lactating and pregnant women in low-income countries.” Women in endemic vitamin A-
deficient areas should receive a vitamin A supplement following delivery. > The need for vitamin A
increases during lactation to replace vitamin A losses in breast milk. In children, VAD is the leading
cause of preventable visual impairment and blindness. An estimated 250,000 to 500,000 children become

blind every year due to VAD, with around half of whom die within a year of becoming blind.’
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Al.2.1 Global prevalence of VAD

WHO has estimated that vitamin A deficiency is a public health problem in 96 countries. ? Africa has the
highest prevalence of VAD while the highest numbers of clinically affected are in South-East Asia.
Among children under 5 years of age affected by VAD, 3 million have signs of xerophthalmia. Most of
the estimated 140 and 250 million children affected by VAD do not have clinical manifestations but are at

greater risk of developing severe infections and mortality. >

Al.2.2 Consequences of VAD

In addition to blindness, VAD significantly increases the risk of severe illness and death from common
childhood infections, particularly diarrheal diseases and measles. In communities where VAD exists,
children are, on average, 23% more likely to die and 50% more likely to suffer complications as a result
of measles infection. > In women, VAD may be an important factor contributing to maternal mortality and
poor pregnancy and lactation outcomes. > VAD is also likely to increase vulnerability to other disorders,
such as iron deficiency anemia. In VAD-endemic countries, pregnant women often experience deficiency
symptoms, such as night blindness, that continues into the early period of lactation. >

In some countries of South-East Asia, the prevalence of night blindness has been reported to be as
high as 10-20% in pregnant women. > For nursing infants, the breast milk they receive from deficient

mothers is likely to contain insufficient vitamin A to build or maintain vitamin A stores. *

Al1.2.3 Interventions for VAD

Strategies for controlling VAD aim to provide an adequate intake through a combination of breastfeeding,
dietary improvement,