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I. SAMPLE DESIGN 
 
General Description of the Study  
 
The National Health Measurement Study was a computer-assisted, random digit dialed telephone 
survey of 3844 non-institutionalized adults, ages 35-89, and living in the continental contiguous 
United States.  We administered a number of standardized health-related quality-of-life 
questionnaires to every respondent as well as collected other information related to health and 
health-related quality of life.  The survey was conducted from June 2005, through August 2006.  
The lower end of the age range was the median age of the US resident population in 2005.  The 
upper age was dictated by concerns about response burden and validity of responses in older 
individuals surveyed by telephone.   
 
An explicit goal of the study was to have sufficient observations of African Americans and of 
persons age 65 years and older to allow analyses of these important subpopulations.  Therefore 
the survey design team was directed to devise a sampling plan to over-represent these 
subpopulations. 
 
The study was funded by P01 AG020679 from the National Institute on Aging of the U.S. 
National Institutes of Health and conducted from the Department of Population Health Sciences, 
University of Wisconsin-Madison under direction of Dennis G. Fryback, Ph.D., principal 
investigator.  The telephone survey sample was designed in consultation with, and conducted by, 
the University of Wisconsin Survey Center (UWSC). 
 
The purpose of this document is to detail the study sampling design, the survey methods, and 
calculation of the raked and trimmed final weights to be used for analyses intended to produce 
nationally representative results. 
 
Incentives 
 
Randomly selected telephone numbers may or may not be listed in an open telephone directory.  
The UWSC used a national reverse directory to determine whether an account name and street 
address was associated with each number to be called.  If there was a listed name and address 
then an advance one-page letter was sent to that person briefly explaining the study, who was 
conducting it, expressing importance of participation, and saying there would be a $25 
completion payment for a selected respondent.  The advance letter contained $2 cash pre-
incentive to encourage answering screening questions should UWSC call the household.  About 
40% of phone numbers were listed and received the advance letter. Later analysis by UWSC 
indicated that the advance letter increased participation by about 5%. 
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Respondents were again informed at the outset of the telephone survey that there was a $25 
completion payment.  At the end of the survey they were asked for their name and address and 
this payment was sent to them by UWSC.   
 
Sampling Design 
 
The original sample design was intended to interview 2800 people, aged 35-89, with 1000 of 
these being African American, people aged 65-89 constituting approximately 61% of those 
sampled, and people aged 45-64 approximately 28% of people sampled.  These proportions over-
represent older age groups in the sample to ensure sufficient numbers at ages where health 
problems become increasingly important compared to younger ages.  In the event, once the 
intended sample was accrued funding was sufficient to continue sampling for a final total sample 
size of 3844.   
 
Over-representation of African Americans in the final sample resulted from over-sampling of 
telephone exchanges known to contain high proportions of African American households.  The 
exact implementation of this process is described in detail in the next section.  Over-sampling of 
older persons was achieved by probability weighting of household members (residents were 
enumerated by approximate age and gender by the first adult to answer the telephone) in order to 
select a single participant from eligible households.   
 
Data users should be cautioned that to produce nationally representative estimates with these data 
the calculations should use both sampling weights and account for telephone exchange strata.  An 
example is provided at the end of this document. 
 
II. COMPUTATION OF SURVEY WEIGHTS 
 
Sampling Weights 
 
Discussion of sampling weights below will be from the perspective of the final, overall sample. 
 
Sampling consisted of three parts:  Sampling telephone numbers, sampling an age-stratum within 
eligible households, and sampling a single respondent from a selected age-stratum. 
 
 Telephone Exchange Strata.  The over-representation of African Americans was 
accomplished by sampling telephone exchanges which were known to have higher proportion of 
households with African Americans than the total population.  The UWSC and its consultants 
contracted with Genesys, Inc., a survey products company, to purchase random telephone 
numbers.  Genesys stratified all U.S. landline telephone exchanges (area code-three digit 
combinations) into four different strata, S1, S2, S3, and S4.  This partition into strata by race was 
a proprietary product of Genesys; the strata contained 73%, 40%, 21%, and 4% African American 
households, respectively.  Multiplying percentage of African American households in a stratum 
by the population represented by that stratum (Table 1), it is seen that each stratum contained 
approximately 25% of the total U.S. African American population. 
 
When an order for telephone numbers from a specific stratum was placed with Genesys, they 
randomly drew telephone numbers from that stratum and pre-screened them to exclude known 
non-working numbers and known non-residence numbers until the ordered sample was 
completed. Even with this proprietary pre-screening process approximately one-half of the 
supplied numbers were expected to be out of scope (non-working, data lines, fax lines, 
businesses, etc.—any number not for a residential telephone). 
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Table 1 shows the total US population represented by households in these sets, the number of 
purchased telephone numbers fielded (called) from each set and the computation of telephone 
sampling weights.   
 

Table 1.  Calculation of Telephone Stratum Weights 
Stratum Population in 

households 
in the stratum 

(Ai) 

Purchased 
sample 
 

(Bi) 

pr(being 
sampled) 
 
pri=Ai/Bi 

phone 
stratum 
weight 
(Ci)=1/pri 

Normalized 
Stratum wt. 
 
wt=Ci/(ΣCi) 

N complete 
Interviews in 
the Stratum 

N x wt. 

S1 13,431,800 19438 0.00145 691.01 0.0854 1212 103.52
S2 21,632,900 10651 0.00049 2030.92 0.2510 718 180.24
S3 34,733,300 6259 0.00018 5549.63 0.6860 492 337.49
S4 212,407,900 11585 0.00005 18335.43 2.26635 1422 3222.7

 Total 282,205,900 47933 Total: 26606.98   3844 3844
 
 
 Age Range Selection Weights.  Once a household was reached, the informant answering 
the phone was told the purpose of the study and asked how many people of each gender resided in 
the household in three age ranges, 35-44, 45-64, and 65-89.  There are seven possible 
permutations of populated age ranges in a given household where at least one of these age groups 
was populated.  Table 2 shows pre-specified selection probabilities and resulting age stratum 
weights for each of these permutations depending on the selected age group. 
 

Table 2.  Selection probabilities and sampling weights for age groups. 
 Age Group (Pis were pre-set by sampling plan)   

Permutations of 
possible group 

selections 

35-44 
 

P1 

45-64 
 

P2 

65-89 
 

P3 

Selected 
group 

i 

Weight = 
 

1/Pi 
permutation 1 0.06 0.04 0.9 35-44 16.66 
permutation 1 0.06 0.04 0.9 45-64 25 
permutation 1 0.06 0.04 0.9 65-89 1.11 
permutation 2 1 x x 35-44 1 
permutation 3 0.6 0.4 x 35-44 1.66 
permutation 3 0.6 0.4 x 45-64 2.5 
permutation 4 0.1 x 0.9 35-44 10 
permutation 4 0.1 x 0.9 65-89 1.11 
permutation 5 x 0.1 0.9 45-64 10 
permutation 5 x 0.1 0.9 65-89 1.11 
permutation 6 x 1 x 45-64 1 
permutation 7 x x 1 65-89 1 

 
Person-selection.  In the event that the household contained more than one person in the 

selected age group, a modification of the Troldahl-Carter-Bryant (TCB) method of respondent 
selection was used.  The method consists of four selection matrices, one of which is randomly 
assigned to a household prior to screening. Although the four matrices are often assigned with 
equal probabilities, NHMS sample design consultants recommended we adjust the probabilities of 
each matrix being selected so that men are modestly over-sampled. As women are generally more 
cooperative and often act as gatekeepers, this adjustment helps to correct bias toward female 
respondents that typically occurs in a random digit dialing study. The TCB weights were assigned 
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according to the following matrices; in the upper left corner of each is the probability with which 
that matrix was assigned.  The cell entries indicate which person in the age group is to be chosen. 
 

Number of adults in age group MATRIX  1    p=0.12 
1 2 3 4 or more 

0 Man Oldest Man Youngest 
Man 

Youngest 
Man 

1 Woman Woman Woman Oldest Man 
2 X Oldest 

Woman 
Youngest 
Woman 

Youngest 
Woman 

3 X X Youngest 
Woman 

Oldest 
Woman 

Number of 
women in 
age group 

4 or more X X X Oldest 
Woman 

 
Number of adults in age group MATRIX   2   p=0.29 

1 2 3 4 or more 
0 Man Youngest 

Man 
Youngest 

Man 
Oldest Man 

1 Woman Woman Oldest Man Woman 
2 X Oldest 

Woman 
Man Oldest Man 

3 X X Youngest 
Woman 

Man or Oldest 
Man 

Number of 
women in 
age group 

4 or more X X X Oldest 
Woman 

 
Number of adults in age group MATRIX  3    p=0.29 

1 2 3 4 or more 
0 Man Youngest 

Man 
Oldest Man Oldest Man 

1 Woman Man Woman Youngest 
Man 

2 X Youngest 
Woman 

Oldest 
Woman 

Oldest 
Woman 

3 X X Oldest 
Woman 

Man or 
Youngest 

Man 

Number of 
women in 
age group 

4 or more X X X Youngest 
Woman 
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Number of adults in age group MATRIX  4    p=0.30 
1 2 3 4 or more 

0 Man Oldest man Oldest man Youngest 
Man 

1 Woman Man Youngest 
Man 

Woman 

2 X Youngest 
Woman 

Man Youngest 
Man 

3 X X Oldest 
Woman 

Man or 
youngest man

Number of 
women in 
age group 

4 or more X X X Youngest 
Woman 

 
In matrices 1 and 2, if the household contained a man and woman in the selected age group, the 
woman was selected. In matrices 3 and 4, the man was selected. Because matrices 3 and 4 had 
higher probabilities of being assigned, men were sampled more frequently in these households. 
Specifically, the probability that a man was sampled is 0.59 (.29+.30) and the probability a 
woman was sampled is 0.41 (.12+.29). The weight for each of these cases is 1/0.59 and 1/0.41, 
respectively.  
 
If all the adults in the age group were the same gender, the probability of being selected is 
1/(number of adults). 
 

Sampling Weights.  For each individual in the sample, the sampling weight was the 
product of the phone stratum weight, the age-stratum weight, and the TCB weight, with the 
product normalized to the total sample size. 
 
Post-stratification 
 
Post-stratification was used to make a further adjustment to weights so that the final weighted 
case distribution was as close as possible to that of the target population.  This procedure adjusts 
for differential observed response rates among groups defined by important variables.   
 
NHMS sought to represent the population of adults living in the continental US aged 35-89, so 
that the adjusted joint sample distribution of the three age groups (35-44, 45-64, 65-89), the race 
of respondents (Black, White, Other), and gender (male, female) matched that of the 2000 U.S. 
Census.  There are 18(=3 X 3 X 2) possible combinations of age group, race, and sex as listed.  
We determined the number of people in each of these 18 combinations living in the contiguous 48 
states using 2000 Census data.  We summed the sample selection weight in each of the 18 cells.  
The discrepancy between proportion of people in the Census in each cell and the sum of sample 
selection weight in each cell can be reduced by direct standardization.  However, small cell sizes 
in some cells can make direct standardization non-robust.  So, instead, we used raking (iterative 
standardization to simultaneously fit the 3 marginal distributions) to compute the post-
stratification adjustments to the sample weights. 
 
Trimmed Weights 
 
The raked weights varied from 0.0327 to 36.928.  It was apparent that several individuals may 
have substantial weight in their age-gender-race subgroup.  To avoid outlier influence, we 
trimmed the weights so that no one individual accounted for more than 5% of the total weight in 
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22 important subgroups of the data.  These subgroups were defined by age-gender-race 
combinations as follows: 
 
Age{(35-44), (45-54), (55-64), (65-74), (75-89)} X Gender{male, female} 
                     X Race{black, white} +{other males} +{other females} 
 
= 22 total subgroups. 
 
The weights associated with highly weighted individuals were adjusted downward until no one 
individual accounted for more than 5% of the subgroup weight.  Trimming affected 1 “other 
females”, 6 “other males”, 14 black females, 25 black males, 0 white females, and 1 white male. 
 
After trimming the maximum weight was 17.358 and the mean weight 0.9996. 
 
The weights provided with this data set are the resulting trimmed weights. 
III. RESPONSE RATE CALCULATION 

 
The following flow chart details the disposition of the sampled numbers fielded by the UWSC in 
the computer-assisted telephone interview. 
 
 
 

      
     
      
      
                  
          
      
     
     
      

    
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
     
      
       
       

47,933 Original Sample of Telephone Numbers 

18,089 Out-of-Scope Numbers 
        11,278 Non-working, disconnected 
          3,151 Non-residential numbers 
          2,808 Fax, data lines 

846 Number changes, cell phones 
    6 Non-sample 

15,450 Unscreened (Unknown Household) 
        12,674 Always busy, not available, no contact 
          1,924 Mechanical answering device 

801 Immediate hang-ups, refusals 
  45 Phone problems 
    6 Informant incapable 

2,738 Partially Screened, Unknown Age Eligibility

11,656 Screening Interviews Completed 

4,834 No Eligible Respondent in Household 

 6,822 Eligible Respondents Identified 

   626 Non-contact 
587 Respondent never available 
  39 Mechanical answering device 

14,394 Known Households 
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The simple response rate is completed eligible final interviews (3844) divided by identified 
households with an eligible respondent (6822), 56.3%.  A second estimate assumes there were 
unidentified eligible respondents in the households for which a screening interview was not 
completed.  We estimate that up to 1602 eligible respondents were in 2738 unscreened 
households.  Under this assumption, the response rate is 45.6%. 
 
The calculation of response rates, comparison to other similar surveys, and discussion of the 
presumed lack of effect of not including cellular telephones in the sample are in: 
 

Fryback DG, Dunham NC, Palta M, et al.  US Norms for six generic health-related 
quality-of-life indexes from the National Health Measurement Study.  Medical Care 
2007;45:1162-1170. 

 
 
 

1,866 Non-participants 
            1,183 Refusals  
  636 Household informant refusal 

547 Selected respondent refusal 
   683 Other reasons 

  479 Language barrier 
  150 Respondent incapable 
    54 Other 

4,330 Interviews Started 

481 Incomplete interviews

3,849 Interviews Completed

    5 Found during final review to be ineligible (out 
         of age range) 

3,844 Final sample 
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IV. ESTIMATION OF NATIONALLY REPRESENTATIVE VALUES FROM THE NHMS 
 

Complex design of a study, such as the use of strata and over-sampling, makes the direct 
estimation from un-weighted data of common statistics of interest (e.g. means and 
regression coefficients, standard errors, percentages) incorrect.    In order to produce 
correct statistics that can be generalized to the intended population, the estimation 
algorithm must account for the complex design of the study.   
 
In NHMS the trimmed post-stratified sampling weights must be used in conjunction with 
the telephone exchange strata to produce valid parameter estimates (and variances of 
these estimates) for U.S. adults aged 35-89 in the contiguous 48 states.  As shown below, 
we have found adjustment for clustering by strata to have minimal effects, but the 
weights do in fact make a difference. 
  
If the user of this data set wishes to calculate statistics which are appropriately 
referenced to the intended segment of the U.S. population, both person weights and 
strata must be incorporated into the calculations. 
 
Commonly used statistical software packages that include computational routines to 
account for complex study designs include SAS, Stata, MPlus, and SUDAAN.  We have 
used SAS System for Windows that has procedures that incorporate survey weights and 
strata: PROC SURVEYMEANS, PROC SURVEYREG and PROC SURVEYFREQ 
(SAS Institute Inc., Cary, NC, 2002-2003).   
 
For demonstration purposes the SAS System for Windows (version 9.1) PROC 
SURVEYMEANS procedure was used to estimate 3 means for 3 HRQoL instruments 
administered in NHMS in order to show the impact of accounting for the complex study 
design (Table 3).  The 3 estimates presented in the table are unweighted directly 
computed means and standard errors, followed by weighted means and standard errors, 
and finally by means and standard errors that were estimated using both person weights 
and strata information (see SAS Sample Code).  In this simple calculation, using weights 
is important as shown by the difference in magnitude of weighted and unweighted 
estimates.  The difference between just using survey weights and using survey weights 
while also accounting for clustering in strata is not as striking for these gross means, as 
there are only small differences in the standard errors between weighted and weighted 
with strata estimates. Perhaps in more subtle analyses the adjustments for strata will make 
more difference.  
 
Table 3. Means for 3 HRQoL indexes unweighted, weighted, and weighted with strata 
 Estimation Unweighted Weighted Weighted with Strata 

Variable Mean SE Mean SE Mean SE 
SF-6D 0.765090 0.002363 0.787837 0.003393 0.787837 0.003394 
EQ-5D 0.839224 0.002800 0.867487 0.003782 0.867487 0.003776 
HUI3 0.765963 0.004598 0.805356 0.006144 0.805356 0.006132 
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SAS Sample Code: 
 
proc surveymeans data=a;  
var SF6D EQ5D HUI3;  
weight TRAKEDWT; strata stratum; run; 
 
proc surveyreg data=a;  
model SF6D = age;   
weight TRAKEDWT; strata stratum; run; 
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