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Abstract

Objectives: To describe the sample design and weighting procedures used in the

Saudi National Mental Health Survey (SNMHS).

Methods: A multistage clustered area probability design was used to select the

SNMHS sample with one male and one female KSA citizen ages 15–65 surveyed in

each sample household.

Results: A design representative of the household population was developed and

modified iteratively to adjust for unanticipated field complications. These modifica-

tions, along with variation in within-household probabilities of selection and

geographic–demographic variation in response rates were accounted for through sur-

vey weights. Design-based estimation methods were used to adjust for the effects of

these weights and of geographic clustering. Design effects were estimated and simu-

lations were carried out on bias-variancetrade-offs in weight trimming to evaluate

the implication of design features for precision of estimates.

Conclusions: The multiple purposes of the survey will require the use of different

weights for different types of analyses, including household and person weights as

well as weights for proxy reports about household members whose disabilities

prevented them from participating in the survey. It will be important to use these dif-

ferent weights appropriately in the diverse analyses that will be undertaken with the

SNMHS data.

K E YWORD S

Composite International Diagnostic Interview (CIDI), design effects, Saudi National Mental

Health Survey (SNMHS), WHO World Mental Health (WMH) Survey Initiative

1 | INTRODUCTION

This article presents a description of the sample design and weighting

procedures used in the Saudi National Mental Health Survey (SNMHS).

The SNMHS is a nationally representative household survey of the

prevalence and correlates of common mental disorders in the Kingdom

of Saudi Arabia (KSA). Prior to the SNMHS, only limited data were avail-

able on the burden of mental disorders in KSA. The Global Burden of

Disease (GBD) Study estimated that drug use disorders, depressive dis-

orders, and anxiety disorders are the third, fourth, and sixth leading
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causes of disability in KSA (Institute for Health Metrics and

Evaluation, 2019). However, these estimates were based on extrapola-

tions using indirect information from epidemiological surveys carried

out in other countries in the region (GBD 2015 Eastern Mediterranean

Region Mental Health Collaborators, 2018). Given the important policy

implications of these estimates, more direct data are needed for policy

planners to assess the societal burden of mental disorders, unmet need

for treatment, and barriers to treatment.

The SNMHS was launched to provide these data as part of the

World Health Organization (WHO) World Mental Health (WMH) Sur-

veys Initiative (Alonso, Chatterji, & He, 2013; Kessler & Üstün, 2008;

Scott, de Jonge, Stein, & Kessler, 2018). Standardized WMH methods

were used in SNMHS field implementation to provide valid data on

the prevalence and distribution of mental disorders and unmet need

for treatment of these disorders (Harkness et al., 2008; Heeringa

et al., 2008; Pennell et al., 2008). However, as detailed in a prior arti-

cle in this issue (Al-Subaie et al., In press), several field implementation

procedures were changed in order to adjust the design to the special

circumstances of KSA. The sample design was also changed in order

to use the survey to study several issues of special policy importance

in KSA. These changes, in turn, led to modifications of the standard

WMH weighting procedures. We present a broad overview of the

design and discuss these special features in this article.

The SNMHS is a project of the King Salman Center for Disability

Research in collaboration with the King Faisal Specialist Hospital and

Research Centre, the Saudi Ministry of Health, King Saud University,

the Ministry of Economy and Planning, and the General Authority

for Statistics. Survey design and implementation and data analysis

support are provided by the WMH Data Collection and Data Analy-

sis Coordination Centers at the University of Michigan Survey

Research Center (SRC) and Harvard Medical School (HMS), respec-

tively. The survey was conducted between 2011 and 2016. This

timeline includes interruptions in the fieldwork because of delay in

receiving funding for the survey and change in data collection

agency in 2013.

2 | SAMPLE DESIGN AND SELECTION

The SNMHS was initially designed to be nationally representative of

Saudi citizens between the ages of 15 and 65 years living in urban

and rural areas. However, due to security concerns resulting from the

ongoing armed conflicts with neighboring countries and limited access

to remote areas, two out of the 13 administrative areas, Jazan and

Najran, were excluded from the survey population. A stratified multi-

stage cluster area probability sample of the noninstitutionalized Saudi

citizens (15–65 years old) was selected from the remaining 11 admin-

istrative areas: Riyadh, Makkah, Al-Madinah, Al Qaseem, Eastern

Province, Aseer, Tabouk, Hail, Northern Region, Al-Baha, and Al-Jouf.

The survey population was stratified by these 11 administrative areas.

In each of these 11 strata, the primary sampling units (PSUs) were the

census count administrative areas, defined as per maps provided and

updated by the Ministry of Economy and Planning (General Authority

for Statistics, 2010). After establishing a minimum number of PSUs to

be selected in each of the smaller strata, the rest of the PSUs were

allocated approximately proportionate to the number of Saudi house-

holds in the population of each stratum according to the 2010

Census.

A probability sample of PSUs in each stratum was then selected

in multiple iterations in collaboration with the General Authority for

Statistics (GaStat) of KSA using their national frame of PSUs. The

PSUs were first sorted by location and size (main cities with popula-

tion over 100,000, urban cities with population between 5,000 and

100,000, and villages with population below 5,000). In this first itera-

tion, GaStat selected a sample of 473 PSUs with a systematic proba-

bility proportional to size (PPS) sampling, in which the measure of size

was the total number of households (Saudi and non-Saudi) according

to the 2010 Census. Due to operational and cost constrains, the total

number of PSUs was reduced. In this iteration, a subsample of

404 PSUs was selected with systematic probabilities proportional to

size, using as the measure of size the number of Saudi households.

While the initial 473 PSUs was selected based on the total number of

households in each PSU, the subsample of 404 was selected based on

the total number of Saudi households which was not available at the

time of the initial selection.

Early monitoring of the field cost indicated that the study could

not afford to conduct the survey in the larger sample of 404 PSU loca-

tions. To control costs, the PSU sample size was reduced further. To

compensate for the reduction in numbers of sample PSUs, the total

size of the sample was maintained by increasing the targeted number

of sample households within each PSU cluster (see below). This third

step in the final determination of the sample of PSUs employed two

rules. First, PSUs that contained completed interviews were retained

in the final sample with certainty. Second, within each primary stage

sample stratum, sample PSUs that had not yet been released to the

field were subsampled with equal probability.

The second stage of sampling involved the selection of house-

holds. The household frame for each selected PSU consisted of the list

of addresses compiled during the 2010 Census conducted by GaStat.

Households, therefore, were sampled by selecting addresses, assum-

ing a one-to-one correspondence. For each selected PSU,

38 addresses were selected randomly. The sample of 38 addresses for

each PSU was divided into random subsamples or “replicates” to

ensure control over final sample size as the field period progressed.

Due to the operational and costs constraints mentioned earlier, not all

random replicates of the sample addresses were released for screen-

ing and interviewing in some of the PSUs. Thus, the probability sub-

sample of selected addresses within each PSU ranged from 16 to 38.

Only residential addresses were considered eligible.

The third stage of sampling consisted of selecting up to two ran-

dom household members (a male and a female) within each selected

address. Each address was assigned to an interviewer to complete a

household roster with an informant who was a household member,

determine the eligibility of each household member, and ask the infor-

mant about any physical or mental disability for each listed member.

Eight different types of disabilities were assessed: serious hearing,
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vision, or speech impairment; missing limb or paralysis; other physical

impairment, disfigurement, or handicap; other serious chronic physical

illness or pain; temporary physical illness or disability; concentration,

memory, or decision making problems; learning disability, down syn-

drome, or mental retardation; and serious mental problem. Eligibility

criteria included being a Saudi citizen between the ages of 15 and

65 years and being able to speak Arabic. Once eligible members were

identified, one random female and one random male were selected

within each gender group. Eligible members with at least one reported

disability were over-sampled by a factor of two (i.e., two times the

chance of other household members of being selected). Random selec-

tion of designated respondents from the household rosters of eligible

men and women was automated and conducted by an algorithm

programmed to be part of the computer-assisted personal interview

(CAPI) instrument so as to avoid the possibility that an interviewer

would try to select an easy-to-reach household member or substitute a

cooperative household member for an originally selected member that

was not cooperative.

Table 1 summarizes the final number of PSUs retained in the sam-

ple, the number of households selected, the number of respondents,

and the final number of completed interviews per stratum (Table 1).

The overall sample included selection of 4,302 households. The house-

hold screening rate was 84% and the conditional interview response

rate was 73%, for an estimated individual-level response rate of 61%

(American Association for Public Opinion Research, 2016). As detailed

in the previous paper (Al-Subaie et al., In press), the noncore sections

were administered to a subsample of respondents as a design feature

to reduce the overall interview length.

3 | WEIGHTING

Several weights were developed for the SNMHS to enable estimation

and inference for several types of populations.

3.1 | Household level weights

3.1.1 | First-stage weights

Base weights were calculated considering the probability of

selection in each of the sampling stages within each stratum,

defined by the administrative areas, as previously described. The

PSUs of the multistage sample are enumeration area units as

defined by the KSA population Census. The selection probability

of the PSUs accounts for three distinct steps in this first sam-

pling stage:

1. GaStat of KSA assisted in the first step of selecting the PSUs.

Using the KSA frame of enumeration areas, GaStat performed an

initial PPS selection of 473 PSUs across the 11 administrative

areas, using total number of households as the measure

of size:

f1hα = a1h
MoShαPAh
α=1MoShα

,

where Ah is the total number of PSUs in stratum h, a1h is the initial

number of PSUs selected in stratum h, MoShα is the total number of

households in PSU α within stratum h. GaStat staff reviewed the cen-

sus data for each of the 473 selected PSUs and provided the study

team with a data set that included PSU identifiers, total household

measures of size and a count of the number of households that

included Saudi citizens.

2. Using the data on the selected 473 PSUs, the study team con-

ducted a second sampling step, converting the original total house-

hold measures of size to a more efficient sample based on eligible

Saudi household measures of size. In this second step, a reduced

TABLE 1 The Saudi National Mental Health Survey sample design

Stratum
% of Saudi population
(census)

# of PSUs
selected

# of households
selected

# of respondents
selected

# of completed
interviews

Riyadh 24.99% 41 1,268 1,432 880

Makkah 24.74% 53 824 1,120 925

Al-Madinah 7.01% 12 230 312 241

Al Qaseem 5.33% 10 294 400 271

Eastern Province 16.98% 18 371 682 518

Aseer 9.10% 15 375 410 310

Tabouk 3.51% 8 248 230 163

Hail 2.88% 5 165 182 133

Northern Frontier 1.47% 5 80 105 94

Al-Baha 2.07% 5 135 175 146

Al-Jouf 1.93% 12 312 414 323

Total 100.00% 184 4,302 5,462 4,004

Abbreviation: PSUs, primary sampling units.
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sample of 404 PSUs of the 473 initial PSUs was subselected with

PPS, but using the number of Saudi households as the measure

of size:

f2hα = a2h
MhαPa1h
α=1Mhα

,

where a2h is the number of PSUs subsampled in stratum h, and Mhα is

the total number of Saudi households in PSU α within stratum h.

3 As noted above, a second iteration of PSU subsampling was

implemented due to cost constraints after the initial release of

PSUs in several strata that represented the large metropolitan

areas. PSUs that had already been worked were retained in the

final sample with certainty. Within each primary stage sample

stratum, sample PSUs that had not yet been released to the field

were subsampled with equal probability. Based on this

subsampling plan, a final probability sample of 184 PSUs was

retained for the study data collection. The conditional probability

that an original sample PSU was retained in this third cost-saving

subsampling step is:

f3hα ¼
1, if PSUαhadalready beenworked

a3h
a2h

,otherwise

8><
>:

,

where a3h is the number of PSUs subsampled in stratum h during data

collection.

Across all three steps employed in selecting the final sample of

PSUs, the first-stage selection probability for PSU α within stratum

h was then calculated as

fhα = f1hα × f2hα × f3hα

3.1.2 | Second-stage weights

In the second sampling stage, households within the selected PSUs

were sampled with equal probability. Therefore, the selection proba-

bility for household β, conditional to the selection of PSU α within

stratum h was

fβjhα =
bhα
Mhα

,

where bhα is the number of households selected in PSU α within

stratum h.

The household base weight for a household β in PSU α within

stratum h was then given by the inverse of the product of the sam-

pling rates across these first two stages:

fhαβ = fhα × fβjhα

In order to address potential nonresponse bias, a household non-

response adjustment was computed at two levels: (a) the screening

interview and (b) the main interview. At both levels, the nonresponse

adjustment factors were computed as the inverse of the respective

response rates within the PSU.

The final household weight was then computed as the product of

its base weight and nonresponse adjustment factors.

3.2 | Respondent level weights

As noted above, up to two eligible individuals were randomly selected

within each selected household, one female and one male. Eligible

individuals with any reported disability were over-sampled by a factor

of two. To account for the unequal probability of selecting a respon-

dent, a base weight was calculated as follows:

The probability of selection of an individual γ, conditional to the

selection of household β in PSU α within stratum h is calculated as:

fγjhαβ ¼

1
chαβ

, if individual is male

1
dhαβ

, if individual is female

8>>><
>>>:

where chαβ and dhαβ are, respectively, the total number of eligible

males and the total number of eligible females in a household β of

PSU α within stratum h that does not contain any eligible individuals

with a reported disability. In households with at least one individual

with a reported disability, the calculation of fγ j hαβ is modified to

reflect the fact that those individuals have twice the chance of being

selected compared to the other eligible household members.

The overall selection probability for an eligible individual γ in

household β within PSU α and stratum h is then the product of the

household and the individual sampling probabilities:

fhαβγ = fhα × fβjhα × fγjhαβ

The individual base weight for Part I respondents (who were

given the core sections) is computed as the inverse of this selection

probability.

The individual base weight for Part II respondents (who were

given the noncore sections) was adjusted by a factor that accounts for

the probability of being selected to be part of the Part II sample. The

Part II sample came from two pools of respondents. Those who

endorsed a mental disorder during the core sections and who were

selected with certainty (i.e., assigned a factor of 1) and those who did

not endorse a mental disorder during the core sections and who were

selected with a probability of 0.25 to Part II of the instrument

(i.e., assigned a factor of 4).

Similar to the household weight, in order to mitigate for potential

nonresponse bias, a nonresponse adjustment was performed at the

PSU level. Within each PSU, the nonresponse adjustment factor was

computed as the inverse of the PSU response rate by gender.
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The joint product of the individual base weight (for Part I and for

Part II separately) and the nonresponse adjustment factors at the

household and individual levels were consolidated for each

respondent.

The last component of weighting was made to account for differ-

ences between the weighted sample distribution (after the product of

design and nonresponse weight was applied) and the general Saudi

population distribution according to the 2010 Census data on various

auxiliary variables. Such adjustment is generally known as calibration.

If the auxiliary variables used in the adjustment are associated with

the survey outcomes, calibration can decrease biases due to non-

sampling errors and improve the precision of the survey estimates.

This calibration procedure was implemented through a technique

known as post-stratification, in which the sample is stratified

according to auxiliary variables, and the weights are adjusted such

that the distribution of the sample in those strata match the popula-

tion distribution. This post-stratification adjustment was based on the

general Saudi population distribution by gender, age, and region, con-

sidering only Saudi citizens aged 15–65 years old in KSA, and ensuring

that the joint distribution of gender, age, and region in the weighted

sample matches the known Saudi population joint distribution.

The final respondent weights for Part I and Part II were then nor-

malized to ensure that the sum of the weights was equal to the total

sample size of the Part I or Part II data sets. Table 2 shows the Part I

and Part II sample distributions by gender and age, weighted and

unweighted, as well as the 2010 Census Saudi population distribu-

tions. Comparison of these distributions provides information on the

effects of weighting (Table 2). As shown, the unweighted Part I and

Part II samples slightly overrepresent females. These distributions

were corrected with the consolidated Part I weight for the Part I sam-

ple, and with Part II weight for the Part II sample.

3.3 | Special weights for proxy reports about
household members with disabilities

Two sections of the core questionnaire, Physical Disability and

Dementia, collected information on functional limitations due to the

different types of disability reported by respondents concerning

their own disabilities. Informant versions of these two sections were

also created to allow respondents to serve as proxy respondents for

household members who were excluded from being interviewed

based on the reports from the initial household informant during

the listing phase. In order to obtain population estimates using the

Self and Proxy information from these sections, an additional weight

was created and assigned to every household member, eligible for

those sections or not. This weight was computed as the final house-

hold weight post-stratified to the general Saudi population distribu-

tion by gender, age, and region, considering only Saudi citizens in

KSA. This adjustment was made considering every household mem-

ber because the population distribution only for the eligible cases

for these sections is unknown, whereas the population distribution

for the overall Saudi population is known. While this weight was

assigned to each household member, the proxy analysis of these two

sections is being restricted to the individuals for whom the proxy

information was collected in those sections.

4 | DESIGN-BASED ESTIMATION

Complex sample design features, such as stratification, clustering, and

unequal probabilities of selection, introduce variability in the precision

of survey estimates that is not taken into account by conventional sta-

tistical methods that assume simple random sampling (SRS). In order to

TABLE 2 Demographic distribution of sample compared to the census Saudi population on post-stratification variables

Part I sample
unweighted (%)

Part II sample
unweighted (%)

Part I sample
weighted (%)

Part II sample
weighted (%) Census (%)

Gender

Male 47.4 42.1 50.5 50.5 50.5

Female 52.6 57.9 49.5 49.5 49.5

Age

15–19 15.1 16.0 17.0 17.0 17.0

20–29 26.2 28.3 30.4 30.4 30.4

30–39 27.1 29.4 23.1 23.1 23.1

40 and above 31.6 26.4 29.5 29.5 29.5

Regiona

Central 28.7 30.1 30.5 28.3 30.5

Southern 11.4 11.9 10.9 12.2 10.9

Northern 17.8 15.0 9.8 7.9 9.8

Western 29.1 29.5 31.6 34.2 31.6

Eastern 12.9 13.5 17.3 17.4 17.3

aRegions categorized as per following strata: Central = Riyadh, Al Qaseem; Southern = Al-Baha, Aseer; Northern = Tabouk, Hail, Northern Frontier, Al-Jouf;

Western = Makkah, Al-Madinah; Eastern = Eastern Province.
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account for such features, design-based methods for estimating stan-

dard errors are used in the analysis of SNMHS data. The Taylor series

linearization method (Wolter, 1985) is the approach we use to estimate

standard errors of simple descriptive statistics in a way that accounts

for the sample design characteristics. Simulations based on pseudo-

sampling within the sample are used to obtain the standard errors of

more complex statistics. These methods are described in detail else-

where (Heeringa, West, & Berglund, 2017). The important feature of

both methods for current purposes, though, is the need to use stratifi-

cation and clustering information for each respondent to calculate these

estimates. This was done by creating pseudo strata and pseudo PSUs.

As noted earlier, the study uses a sample design with PSUs

selected from 11 administrative regions. Thirty-four standard error

strata (SE-strata) were created proportionally based on the number of

PSUs in each of these regions. The PSUs were assigned to SE-strata

based on sample frame selection order. Within each of the SE-strata,

all PSUs were randomized into one of the two standard error clusters

(SE-cluster = 1 or SE-cluster = 2). After assigning the randomized

values to a given SE-cluster, a cross tabulation was made between SE-

strata and SE-cluster for both the Part I and Part II samples to check

that the random PSU group defined by the SE-cluster did not contain

a small sample (less than 10). Any small sample found was then manu-

ally rebalanced by modifying the SE-cluster (from 1 to 2 or 2 to 1).

The effect of clustering and weighting is measured by the design

effect, which is defined as the ratio of the design-based sampling vari-

ance of a survey estimate and its corresponding SRS sampling vari-

ance (Kish, 1965). Both clustering and weighting tend to decrease the

precision of survey estimates compared to SRS, leading to the design

effect being larger than 1.0. The design effect tends to be somewhat

smaller for multivariate analyses (e.g., estimates of regression coeffi-

cients) than for univariate analyses (e.g., prevalence estimates). For

this reason, we restrict here the evaluation of the design effect to

prevalence estimates of mental disorders that are assessed at the

respondent level. Table 3 presents the design effect for various preva-

lence estimates of mental disorders using the Part I weight if the dis-

order was assessed in a core section and the Part II weight if the

disorder was assessed in a noncore section.

With the exception of 12-month alcohol abuse, the design effects

of all prevalence estimates are larger than 1, indicating some losses in

precision compared to SRS. This means that conventional statistical

methods would tend to under-estimate these standard estimates and

in the case of association, consider some estimates statistically signifi-

cant that would not be judged significant using the correct test. The

largest design effect is for 12-month subthreshold bipolar II, where

the design effect is 2.1, indicating a twofold loss of precision com-

pared to an SRS design. Most of the other prevalence estimates have

a design effect smaller than 1.5.

We investigated the value of using a weight trimming strategy

that trades off bias for efficiency by trimming extreme weights. It

sometimes occurs that this approach, although increasing bias, will

lead to a reduction in total estimation error to the extent that the

increase in bias is more than counter-balanced by a decrease in ineffi-

ciency due to the variance introduced by weighting. This has

sometimes been the case in other WMH surveys (Heeringa

et al., 2008; Kessler et al., 2013; Kessler, Heeringa, Pennell,

Sampson, & Zaslavsky, 2018). However, the results of such an analysis

applied to the SNMHS data (not shown here) indicate that trimming

extreme weights does not reduce total survey error in estimating

prevalence estimates. That is, the reduction in inefficiency by reducing

weights was not found to be greater than the increase in bias. Based

on this result, the final SNMHS weights were not trimmed.

5 | CONCLUSION

This article presented an overview of the SNMHS sample design and

weighting procedures. The SNMHS used a complex sample design

that required weighting to adjust for differential probabilities of selec-

tion and the use of design-based estimation methods to correct for

the under-estimation of standard errors with conventional methods

due to the existence of clustering and the use of weighting. Impor-

tantly, different weights were created to account for different units of

analysis that infer to different populations including Saudi households,

Saudi citizens between the ages of 15 and 65, and Saudi citizens with

TABLE 3 Design effects lifetime and 12-month disorder
prevalence estimates

Lifetime 12-month

Anxiety disorders

Agoraphobiaa 1.6 1.7

Social phobiaa 1.7 1.6

Generalized anxiety disordera 1.6 1.4

Post-traumatic stress disorderb 1.1 1.1

Obsessive–compulsive disorderb 1.5 1.1

Separation anxiety disorderb 1.9 1.3

Mood disorders

Major depressive episodea 1.8 2.0

Bipolar Ia 1.5 1.6

Bipolar II, subthresholda 1.7 2.1

Disruptive behavior disorders

Conduct disorderb 1.0 1.0

Attention-deficit/hyperactivity

disorderb
1.8 1.3

Intermittent explosive disorderb 1.3 1.5

Substance disorders

Alcohol abuseb 1.4 0.6

Alcohol dependenceb 1.2 1.0

Drug abuseb 1.4 1.4

Drug dependenceb 1.0 1.0

Total

Any disorderb 1.9 1.5

aUsing R_weight_Part I.
bR_weight_Part II.
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disability. Different weights will consequently be used depending on

the focus of analysis.
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