
Hanmer  Health Qual Life Outcomes          (2021) 19:221  
https://doi.org/10.1186/s12955-021-01854-1

SHORT REPORT

Measuring population health: association 
of self-rated health and PROMIS measures 
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Abstract 

Background: Self-reported health-related quality of life is an important population health outcome, often assessed 
using a single question about self-rated health (SRH). The Patient Reported Outcomes Measurement Information 
System (PROMIS) is a new set of measures constructed using item response theory, so each item contains information 
about an underlying construct. This study’s objective is to assess the association between SRH and PROMIS scores and 
social determinants of health (SDoH) to evaluate the use of PROMIS for measuring population health.

Methods: A cross sectional survey of 4142 US adults included demographics, 7 PROMIS domains with 2 items each, 
the PROMIS-preference (PROPr) score, self-rated health (SRH), 30 social determinants of health (SDoH), and 12 chronic 
medical conditions. SDoH and chronic condition impact estimates were created by regressing the outcome (PROMIS 
domain, PROPr, or SRH) on demographics and SDoH or a single chronic condition. Linear regression was used for 
PROMIS domains and PROPr; ordinal logistic regression was used for SRH.

Results: Both SRH and PROPr detected statistically significant differences for 11 of 12 chronic conditions. Of the 30 
SDoH, 19 statistically significant differences were found by SRH and 26 statistically significant differences by PROPr. 
The SDoH with statistically significant differences included those addressing education, income, financial insecurity, 
and social support. The number of statistically significant differences found for SDoH varies by individual PROMIS 
domains from 13 for Sleep Disturbance to 25 for Physical Function.

Conclusions: SRH is a simple single question that provides information about health-related quality of life. The 14 
item PROMIS measure used in this study detects more differences in health-related quality of life for social determi-
nants of health than SRH. This manuscript illustrates the relative costs and benefits of each approach to measuring 
health-related quality of life.
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Background
There are a wide variety of indicators used to measure 
and monitor population health including mortality, dis-
ease prevalence, disability, and injury rates. Although 
these measures are critical, they do not capture health 
as perceived by the individuals within a population [1, 
2]. Measures of health-related quality of life (HRQoL) 
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provide a standardized survey-based approach to assess 
population health [3]. Indeed, a single-item global rat-
ing of HRQoL has been used in large US surveys since 
the 1940s [4]. The most widely used self-reported health 
(SRH) questions are slight variants of “In general, my 
health is: Excellent, Very Good, Good, Fair, or Poor”. [5] 
This item provides a general perception of health that 
reflects both objective health conditions and the indi-
vidual’s values for different aspects of HRQoL. Multi-
ple studies have found this question to be predictive of 
health care utilization and mortality [6–8].

HRQoL is an important outcome to monitor in popu-
lation health. For example, in the United States, the 
Health People initiative sets data-driven national objec-
tives to improve health and well-being over each decade 
and has included the Health Days and PROMIS-Global 
measures [9]. Models of population health include many 
factors beyond chronic conditions (CC) such as social 
determinants of health (SDoH) [2, 10, 11]. Therefore, any 
measures used to quality and monitor population health 
should be responsive to both CC and SDoH.

The measures selected for large surveys tended to 
be disease-agnostic (i.e., generic), providing an overall 
description of health not limited to one organ system or 
disease [12]. Because a single-item measure is a coarse 
method for measuring HRQoL, development of multi-
ple-item generic HRQoL measures started in the 1970s 
with use in US national surveys by the early 2000s. For 
example, either the SF-36 or the VR-12 has been used in 
the Medicare Health Outcomes Survey since 1998 [13, 
14], and the SF-12 has been in the Medical Panel Expen-
ditures Survey since 2003 [15]. Despite the use of multi-
item measures in many surveys, many other large US 
surveys of health, such as the National Health Interview 
Survey and the National Health and Nutrition Examina-
tion Survey, still rely on a single SRH item [16, 17]. The 
reliance on single-item measures is in part necessitated 
by many initiatives competing for limited space within 
these surveys. In addition, the argument for including 
multi-item generic HRQoL measures has been hampered 
by known problems such as ceiling effects in the general 
population, poorly worded questions, and licensing fees 
[18].

Recently, there have been significant advancements in 
generic HRQoL measures, including the development of 
the Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS), which is an initiative supported 
by the National Institutes of Health to create generic 
HRQoL measures using Item Response Theory (IRT) 
[19]. IRT is a psychometric method that calibrates a set of 
items on a construct (e.g., depression, pain, physical func-
tioning) [20]. Any subset of items from the calibrated set 
can be used to get a score that is comparable to any other 

subset of items; the score from a clinical trial that meas-
ures depression using 8 items can be compared to the 
score from a population survey that measured depression 
using 2 items. There are currently over 90 adult health 
domains and over 20 pediatric health domains available 
through PROMIS [21]. There is also a PROMIS-Prefer-
ence (PROPr) score that combines scores from 7 adult 
domains into a single preference-based summary score 
[22–24].

Several frameworks for understanding the relation-
ships between SDoH, CC, medical care, and HRQoL are 
available [25]. This project assesses the sensitivity of SRH, 
PROMIS domains, and PROPr scores to SDoH and CC 
in a large US nationally representative sample to illus-
trate the relative costs and benefits of each measurement 
approach.

Methods
This study is an extension of a previously published 
study using the same dataset, chronic conditions, and 
social determinates of health [26]. Briefly, the data are 
from a general population panel of US adults age 18 
and older. The survey was offered in English and Span-
ish, both online and by phone. Participants completed 
several HRQoL questionnaires, self-reported 12 CC, and 
answered questions about 42 SDoH. This analysis uses 30 
of the SDoH which are self-reported and excludes those 
linked by location (such as census tract information). For 
further details about the data and independent variables, 
please see the prior publication.

Dependent variables
PROMIS domains
The survey included questions from 7 adult PROMIS 
domains: Cognitive Function—Abilities v2.0, Depres-
sion v1.0, Fatigue v1.0, Pain Interference v1.0, Physical 
Function v2.0, Sleep Disturbance v1.0, and Ability to Par-
ticipate in Social Roles and Activities v2.0. The PROMIS 
questions refer to the participant’s own health “in the 
past 7  days” and have 5 response options. Participants 
answered 2 questions per domain for a total of 14 ques-
tions. Domains were scored by the scoring service on the 
Assessment Center, incorporating the default IRT param-
eters for each item [27]. PROMIS domains are scored 
such that the population mean is 50 with a standard devi-
ation of 10. Higher scores represent more of the concept 
being measured; higher scores are better for the func-
tional measures (cognitive function, physical function, 
ability to participate in social roles) and higher scores are 
worse for symptom measures (depression, fatigue, pain 
interference, sleep disturbance). In general, a minimally 
important difference (MID) for a PROMIS domain is 
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between 3 and 5 points [28]; for this report, a difference 
of 4 points is considered to be a MID.

PROPr
The PROPr scoring algorithm was developed for the 7 
PROMIS domains collected in the survey [19–21]. The 
scoring was constructed using standard gamble valu-
ations from a US sample of 983 adults. Possible PROPr 
scores range from − 0.022 (worst) to 1.0 (best) and the 
scale is anchored at the utility of dead (0) and the utility 
of full health (1.0). For this report, a difference of 0.04 is 
considered to be a MID [29].

Self‑rated health (SRH)
This survey included the question, “In general, my health 
is: Excellent, Very Good, Good, Fair, or Poor” without a 
recall period. Data were coded such that Excellent = 1 
and Poor = 5. Despite over 50  years of use, there is no 
established MID for SRH. Though any difference in 
response for an individual would be considered impor-
tant, it is unclear what difference in a population is 
important.

Analysis
CC and SDoH impact estimates were created by regress-
ing the outcome (PROMIS domain, PROPr, or SRH) on 
nonmodifiable demographics (age, gender, race, ethnic-
ity) and a single CC or SDoH as dummy variables. The 
coefficient(s) for the CC or SDoH is the estimated effect 
of having a condition/SDoH vs. not having it. Since the 
presence of disease was coded as higher and all SDoH 
were coded such that higher scores indicated more hard-
ship, negative coefficients are expected for SRH, PROPr, 
and PROMIS functioning domains (cognitive function, 
physical function, and social roles); in contrast, posi-
tive coefficients are expected for PROMIS symptoms 
domains (depression, fatigue, pain interference, and sleep 
disturbance). Linear regression was used for PROMIS 
domains and PROPr as the PROMIS domains were IRT 
scored and utility measures are considered cardinal 
scales; ordinal logistic regression was used for SRH. A 
separate analysis was done for each CC and SDoH. Given 
the large number of models and coefficients, a coefficient 
was considered statistically significant if p < 0.001.

All analyses were performed using SAS 9.4 (The SAS 
Institute, Cary, NC). All analyses were weighted to be 
nationally representative. Ethics approval was given by 
[blinded] IRB PRO17080294.

Results
The sample had 4142 participants and full demographic 
details are available in the prior publication [26]. Nega-
tive SDoH exposures were common. For example, 45% 

reported difficulty paying their bills, 15% reported inti-
mate partner violence within the last year, 30% reported 
some food insecurity, and 40% reported social isolation. 
Figure 1 illustrates the distribution of each outcome.

Table  1 includes the coefficients from all logistic and 
linear regression models. If a coefficient is statistically 
significant, it is italicized. If the coefficient is larger than 
the minimally important difference, it is bolded. All 
coefficients are in the expected direction (less than 1.0 
for odds ratios, negative for PROPr and PROMIS func-
tion domains, positive for PROMIS symptom domains) 
except for “has a usual medical provider.” Of the statisti-
cally significant coefficients, both SRH and PROPr detect 
significant differences for 11 of the 12 CCs, but SRH only 
has statistically significant differences for 19 of the 30 
SDoH whereas PROPr detects significant differences for 
26 of them. Of the 37 statistically significant coefficients 
(both CC and SDoH) for PROPr, 36 reach MID; there 
is not an MID to apply to the 30 statistically significant 
odds ratios for SRH.

As an illustration of the use of different measures, 
consider the results for food insecurity, which is a good 
exemplar of SRH changes because it has one of the low-
est odds ratios (0.279) and has received a full exploration 
in a prior publication [30]. Food insecurity was assessed 
based on responses to 3 food insecurity items used in 
the USDA Household Food Security Survey Module 
[31]. The items ask how often, in the last 12 months, the 
respondent or people in the respondent’s household (1) 
worried whether your food would run out before you had 
money to buy more; (2) the food that you bought did not 
last, and you didn’t have enough money to get more; or 
(3) you couldn’t afford to eat balanced meals. Response 
options were “Always,” “Usually,” “Sometimes,” “Rarely,” 
and “Never.” Participants who responded “Always” or 
“Usually” to any of these questions were categorized as 
food insecure. Adjusting for survey weights, 14.1% of 
respondents were food insecure.

Table  2 shows the proportion of SRH responses for a 
47-year-old non-Hispanic white female (the average 
respondent in the sample) using the logistic regression 
results. The table illustrates the distribution of responses 
in the entire sample and in the hypothetical case. The 
logistic regression estimates that food-secure 47-year-old 
non-Hispanic white females, when compared to food-
insecure 47-year-old non-Hispanic white females, are 
more likely to report “excellent” or “very good” health 
(58.0% vs 28.3%). These estimated distributions are 
dependent on the other covariates (age, gender, race, eth-
nicity) entered in the logistic regression results.

In comparison, the coefficient for food insecurity when 
the outcome is PROPr is − 0.208. This estimate is 5 times 
the size of the assumed minimally important difference 
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for PROPr, nearly a standard deviation of PROPr in this 
sample (0.215), and over 20% of PROPr’s range—a dif-
ference larger than those any CC except emphysema. 
PROPr, by definition, also provides access to 7 PROMIS 
domain scores. For food insecurity, all PROMIS domains 
show differences that are both statistically significant 
and are larger than the MID. The largest coefficients are 
for Pain Interference (7.0) and Social Roles (− 6.9) which 
is a difference of 0.7 standard deviations and a difference 
larger than those seen in most of the CCs.

Table 1 shows also that the number of significant coef-
ficients varies by PROMIS domain. The number of coef-
ficients that are both statistically significant and reach the 
MID are 3 for Sleep Disturbance, 9 for Cognitive Func-
tion, 10 for Depression, 12 for Fatigue, 18 for Pain Inter-
ference, 20 for Social Roles, and 21 for Physical Function.

Discussion
This manuscript compares the costs and benefits of using 
a single SRH question compared to 14-questions from 
PROMIS that cover 7 health domains. Though it may be 

obvious that using more questions provides more infor-
mation [32], the composite score for PROMIS was dif-
ferent, to a statistically significant degree, for 37 of the 
tested CCs and SDoH whereas SRH was different, to a 
statistically significant degree, for 30. More importantly, 
the additional questions improve interpretability of the 
analyses. SRH requires analytical techniques for ordinal 
outcomes whose results are generally difficult to interpret 
(e.g., odds ratios or relative risk ratios) [33]; in contrast, 
continuous outcomes such as PROMIS and PROPr allow 
analytical techniques with results that can be described 
as differences on a numeric scale. The example used in 
this report is that food insecurity is associated with an 
odds ratio of 0.279 for being in a better category of SRH 
and associated with a difference of − 0.208 on the PROPr 
scale (which is constructed such that 0 is equivalent to 
the utility of “dead” and 1 is the utility of “full health”). 
Changes in PROPr score can be evaluated using PROPr’s 
MID (0.04), standard deviation (0.215), or range (− 0.022 
to 1.0). This difference in interpretability is important 
as health care and public health have placed increasing 

Fig. 1 Distribution of each outcome
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emphasis on person-centered outcomes such as health-
related quality of life and well-being [34, 35].

Though PROPr detected more statistically significant 
differences than SRH overall, SRH had statistically sig-
nificant findings in 3 SDoH where PROPr did not. For 
one of these, income of $60,000–100,000 when com-
pared to income of over $100,000, PROPr was in the 
same expected direction as SRH but did not reach the 
strict statistical significance used in this analysis. Like-
wise, both PROPr and SRH indicated better HRQoL for 
those who did not have a usual medical provider, though 
only SRH was statistically significant. Though the initial 
expectation was that respondents without a usual medi-
cal provider would have worse HRQoL, it may be that 
people with health conditions are more likely to have a 
provider than those who are healthier. The SDoH where 
SRH and PROPr diverge in direction is for self-employed 
individuals compared to employed individuals. SRH has 
a statistically significant finding of better HRQoL in this 
group where PROPr has a nonsignificant finding towards 
worse HRQoL. Assuming that this result is not spurious, 
it may be that people who are self-employed have a better 
global view of their overall HRQoL, as measured by SRH, 
but are not different from the general population when 
asked more specific questions about their symptoms and 
function, as measured by PROPr. Within the PROMIS 
domains, those who are self-employed do not have sta-
tistically significantly different scores than those who are 
employed, though they have a trend towards better sleep.

The PROMIS domains with the most statistically sig-
nificant coefficients that reached the MID threshold were 
physical functioning, social functioning, and pain inter-
ference. With only 2 excpetions, within any CC or SDoH, 
no other PROMIS domain reach the MID threshold 
without these 3 domains also reaching the MID thresh-
old. The first exception is respondents who reported 

experiencing interpersonal violence within the last year. 
The difference in physical functioning does not reach the 
MID threshold, but cognitive function, social function, 
depression, fatigue, and pain interference do. The second 
exception is respondents reporting low social support. 
Neither physical functioning or pain interference reach 
the MID threshold, but social function and depression 
do.Many health-related quality of life measures exist [4] 
and some have been used for monitoring the health of 
populations [13–15]. PROMIS is an exciting advance-
ment in HRQoL measurement because it is based on 
Item Response Theory (IRT) rather than Classical Test 
Theory. IRT is a modern measurement technique with 
a long history in educational testing. It calibrates a large 
number of items on a concept (such as pain or depres-
sion) to make an “item bank.” Scores using any subset of 
the item bank can be compared to scores using any other 
subset of the item bank as long as they use the same 
calibration parameters. While only using 2 items per 
PROMIS domain creates scores with low reliability, mak-
ing it too coarse to track individuals across time, these 
scores are appropriate for group-level analyses. Further-
more, PROMIS scores collected using any number of 
items are commensurable with scores derived from stud-
ies which collected the same domains using a different 
number of (and possibly altogether different) questions. 
Finally, in contrast to many other HRQoL measures, 
PROMIS is free to use in English and Spanish.

Summary scores of HRQoL can be constructed using 
psychometric techniques or econometric techniques 
[32]. Psychometric techniques such as factor analysis 
usually result in 2 or 3 summary scores, such as the men-
tal and physical health summary scores for the PROMIS-
Global and PROMIS-29 [36, 37]. In contrast, health 
utility measures have a single summary score that esti-
mates the value of HRQoL. Health utility measures are 
most often designed for economic analyses such as cost-
effectiveness analysis where they are used to estimate 
quality-adjusted life years (QALYs) [38]. Health utility 
scores are constructed to represent the average prefer-
ences of a population such as the adult population within 
a country. This construction makes them appropriate for 
policy and resource allocation decisions that impact the 
entire population. Health utility scores, therefore, are not 
appropriate for individual level decision making because 
the average preferences of a population do not necessar-
ily reflect the preferences of an individual, much like how 
an individual can prefer a particular political candidate 
who did not win an election. Because health utility scores 
represent the preferences of a population make these 
scores good candidates for monitoring population health 
because they measure both the amount and the value of 
HRQoL in a single number.

Table 2 Distribution of self-rated health responses in the entire 
sample and two hypothetical cases

Whole sample Estimated 
responses for a 
47-year-old non-
Hispanic white 
female

Unweighted 
frequency

Weighted 
frequency

Weighted 
percent

Food 
secure 
percent

Food 
insecure 
percent

Excellent 477 512 12.4 14.5 4.6

Very good 1543 1555 37.6 43.5 23.7

Good 1511 1446 34.9 32.5 45.1

Fair 499 521 12.6 7.9 21.5

Poor 109 107 2.6 1.5 5.1
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The differences associated with CCs and SDoH in this 
report are adjusted for unmodifiable demographic fac-
tors (age, gender, race, ethnicity). A full understanding 
of these CCs and SDoH would require further adjust-
ments that are informed by theoretical models for each 
CC and SDoH. For example, models of food insecurity 
should be adjusted for other correlated factors such as 
household income [30]; each row of Table  1 could have 
a full independent exploration and the data are available 
for such analyses. As such, comparisons across or within 
CCs or SDoH should be interpreted as illustrations of 
the approach and not as well-developed estimates of dif-
ferences for use in policy decisions. This manuscript is 
meant to illustrate the value of multiple subscales with a 
composite score which can provide a better understand-
ing of the complexity of a population’s experience.

Fourteen questions represent a substantial survey 
response burden when compared to a single question.
This survey burden is the primary cost of including extra 
questions to measure HRQoL. Survey researchers often 
recommend keeping surveys less than 15  min long and 
a general rule-of-thumb is that each question in a sur-
vey takes 6 seconds (though this varies by survey mode, 
question characteristics, and respondent characteristics) 
[39–41]. However, the use of PROMIS may allow for 
thoughtful substitutions of other measures within a larger 
survey. One benefit of IRT-based measures is the abil-
ity to “co-calibrate” with other measures. This technique 
calibrates the items from a measure onto an appropriate 
item bank; for example, the Kessler 6 has been calibrated 
onto the PROMIS Depression item bank [42]. A library of 
these co-calibrations can be found at at PROsetta stone 
[43]. This technique both shows that the measures are 
capturing the same construct and provides look-up tables 
to convert one score to another score. These efforts can 
bring data from disparate sources onto the same metric, 
even allowing a longitudinal survey to change its meas-
ures in order to gain additional psychometric informa-
tion while not sacrificing commensurability with earlier 
data.

This study should be interpreted in light of several limi-
tations. Since the data were cross-sectional, it is unknown 
if the differences seen in this study have a causal relation-
ship or correspond to changes over time. The analyses of 
each CC and SDoH were standardized and therefore may 
not be appropriately adjusted based on theoretical mod-
els, so the relative impact across CC and SDoH should 
be interpreted with caution. Finally, online panel sur-
veys can be biased with regard to which individuals par-
ticipate. However, this particular panel uses face-to-face 
recruitment to help mitigate this concern, and weighting 
to help account for non-response bias. These limitations 

are balanced by several strengths. Data for this study 
came from a large nationally representative survey, had a 
high response rate, and participants answered questions 
about a wide range of SDoH using questions from other 
national surveys.

Conclusions
Person-centered outcomes are increasingly important 
in clinical practice, research, and public health. There 
has been a commensurate improvement in person-
centered outcome measurement, particularly with the 
development of measures constructed using IRT. IRT-
based measures allow flexible administration and a 
common metric upon which to compare legacy meas-
ures. IRT-calibrated questions can give a substantial 
amount of information about the construct they are 
measuring; this study uses just 2 questions per HRQoL 
domain and shows sensitivity to a variety of SDoH. 
Cross-cutting IRT measures such as PROMIS can be 
used to measure HRQoL in any disease process; this 
manuscript provides evidence that they are also sensi-
tive to SDoH, making them appropriate for use in pub-
lic health measurement and monitoring.

Single-item SRH has had a long history as a meas-
ure of HRQoL. Its strengths include its ubiquity and 
its brevity. However, as focus shifts to person-centered 
outcomes like HRQoL, SRH has several limitations as 
an outcome, including results that are difficult to inter-
pret and that are less sensitive to SDoH than those 
derived from longer measures. This manuscript illus-
trates the difficulties in using SRH as an outcome meas-
ure when compared to continuous outcome measures 
such as PROMIS and PROPr. While there is always a 
cost to adding more questions to surveys, the depth of 
information provided by IRT-based HRQoL measures 
may justify those costs.
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