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Abstract

Background: Disease status (eg, cancer stage) has been used in routine clinical practice to determine more accurate treatment
plans. Health-related indicators, such as mortality, morbidity, and population group life expectancy, have also been used. However,
few studies have specifically focused on the comprehensive and objective measures of individual health status.

Objective: The aim of this study was to analyze the perspectives of the public toward 29 health indicators obtained from a
literature review to provide evidence for further prioritization of the indicators. The difference between health status and disease
status should be considered.

Methods: Thisstudy used across-sectional design. Online surveys were administered through Ohio University, ResearchMatch,
and Clemson University, resulting in three samples. Participants aged 18 years or older rated the importance of the 29 health
indicators. The rating results were aggregated and analyzed as follows (in each case, the dependent variables were the individual
survey responses): (1) to determine the agreement among the three samples regarding the importance of each indicator, where
the independent variables (1Vs) were the three samples; (2) to examine the mean differences between the retained indicators with
agreement across the three samples, where the 1Vs were the identified indicators; and (3) to rank the groups of indicators into
various levels after grouping the indicators with no mean differences, where the 1Vs were the groups of indicators.

Results: In total, 1153 valid responses were analyzed. Descriptive statistics revealed that the top five—rated indicators were
drug or substance abuse, smoking or tobacco use, alcohol abuse, major depression, and diet and nutrition. Among the 29 health
indicators, the three samples agreed upon the importance of 13 indicators. Inferential statistical analysis indicated that some of
the 13 indicators held equal importance. Therefore, the 13 indicators were categorized by rank into seven levels: level 1 included
blood sugar level and immunization and vaccination; level 2 included LDL cholesterol; level 3included HDL cholesterol, blood
triglycerides, cancer screening detection, and total cholesterol; level 4 included hedlth literacy rate; level 5included persona care
needs and air quality index greater than 100; level 6 included self-rated health status and HIV testing; and level 7 included the
supply of dentists. Levels 1 to 3 were rated significantly higher than levels4 to 7.

Conclusions: This study provides a baseline for prioritizing 29 health indicators, which can be used by electronic health record
or personal health record system designers or devel opersto determine what can beincluded in the systemsto capture anindividual’s
health status. Currently, self-rated health status is the predominantly used health indicator. Additionally, this study provides a
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foundation for tracking and measuring preventive health care services more accurately and for developing an individual health

status index.

(J Med Internet Res 2022;24(6):€38099) doi: 10.2196/38099
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Introduction

Disease status, such as cancer stage, has frequently been used
in routine clinical practice to determine more accurate treatment
plans. Health-related indicators, such as mortality, morbidity,
and life expectancy for agiven population group, have also been
used. Few studies, however, have focused on more
comprehensive and objective measures of an individua’shealth
status. Self-rated health status has previously been identified as
areliableindicator of anindividual’soverall health status[1,2],
but thisis subjective and therating criteriaare unclear. Although
thereisresearch on health indicators used for the measurement
of care quality [3], as well as social and behavioral measures
in electronic hedth record (EHR) systems [4,5], more
comprehensive and objective health indicators of anindividua’s
health status are lacking. These must be developed and used to
measure health status more accurately, objectively, and
consistently, as well as to evaluate the outcomes of preventive
medicine services[1,6]. Asthe health care paradigm shiftsfrom
treatment to prevention [7,8], the accurate, objective, and
convenient measurement of preventive services and their
long-term outcomes becomes an urgent and growing need.

Individual health status refers to a person’s overall physical,
mental, and socia well-being, as well as freedom from illness
or injury. In contrast, individual disease status refers to a
person’sphysical or mental symptomswith or without diagnosis
[9]. Accurate individual health status measures can guide
customized preventive medicine services and lifestyle
suggestions and be applied to population health programs by
aggregating an individual’s health datainto meaningful groups.
Chronic diseases are increasingly costly to both patients and
society, and most can be prevented or delayed via preventive
medicine services. These services need to be provided in a
routine and consistent manner [7,8], thus maximizing the
potential to control health care costs.

The Institute of Medicine reviewed social and behavioral domain
measures, as seen in EHR systems [4,5]. They identified 17
domains, and these measurements were used as a foundation
for the Office of the National Coordinator for Health Information
Technology’s Meaningful Use of EHRs reporting requirements
[4,5]. In 2015, the Centersfor Disease Control and Prevention’s
National Center for Health Statistics released 15 selected health
indicators based on the National Health Interview Survey [10].
Other research [1,2,6,11] also considered health indicators,
although none focused on comprehensive, objective measures
of an individual’s health status.

Although preventive medicine has been recognized for its
critical role in health care, such services are not provided
consistently to the majority of the American population [12].

https://www.jmir.org/2022/6/€38099

Because chronic diseases represent a large portion of health
care expenditures, it is critical to prevent or delay the onset of
chronic diseases via preventive services [13]. The tracking of
health indicators has been reported to help policy makers note
changes needed in coverage and to influence policy decisions
[14]. Such tracking al so enables governments to better all ocate
health resources [14]. Nevertheless, accurate measurements of
preventive services are inadequate or lacking.

We conducted a literature review of existing health indicators
[1,2,6,11,12,15-17]. We consolidated the described health
indicators and determined that 29 health indicators could be
used to measure an individual’s health. We then examined four
commerciad EHR systems used in rural, primary care, and
ambulatory settingsto explore the availability and presentation
of theseindicators as a pilot study. None of these systemswere
found to capture all of the indicators [9], but each system
provided data on some available health indicators, and all four
systems had preventive medicine panels. The pilot study
indicated that no established group of health indicators existed
for individuals, nor were indicators incorporated or used
consistently and routinely across different EHR systems.
Therefore, thereis at least a need to provide more evidence for
these health indicators. This would constitute what should be
included among the individual health indicators used by EHR
systems and whether these indicators can be prioritized based
on their importance. Additionally, we recognize that these health
indicators have much broader potentia use beyond incorporating
them into EHR [9].

This study aimed to examine public perspectives on the
importance of 29 health indicators to inform their relative
perceived priority. Thiswould, for example, allow the separation
of the health indicators into core and secondary sets, which
could be incorporated into the EHR or similar systems [18].
Such health indicators could capture an individual’s health
status, thusinforming and enabling preventive servicesto make
them more accurate, consistent, and convenient without
overburdening providers' datacollection workload. These public
perspectives could also provide afoundation for developing an
individual health index, which could be used to stratify healthy
populations into subgroups based on the corresponding study
requirements. There is no established list or ranking of health
indicators according to importance, nor is there a
well-established methodol ogy to develop such alist. Therefore,
we attempted to use public perspective surveys as a starting
point in this study. We plan to validate the results quantitatively
through longitudinal health record analysis in a future study.
The assumption is that an individual's perception of the
importance of each health indicator may be associated with their
conscious or unconscious behaviors, which would ultimately
affect health outcomes. This paper focuses on the public

JMed Internet Res 2022 | vol. 24 | iss. 6 | €38099 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/38099
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

perspectives, the approach, the results, and the analysis of the
results.

Methods

General Study Design

The overall design of this project is illustrated in Figure 1 to
provide context for this paper. The work reported here focuses

Sokoyaet d

on public perspectives, the methods used, and the results. The
first three stepsin Figure 1 have been completed and published
[9,18]. The section on the far-right side of the figure, regarding
guantitative validation, illustrates directions we plan to explore
in future studies.

Figure 1. The overal design of the project; public perspectives are the focus of this paper. The three sections connected via green arrows have been
completed, and the far-right section is for future work. EHR: electronic health record.
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Data Collection

An online survey (Multimedia Appendix 1) was administered
through Ohio University in the summer of 2017, through
ResearchMatch [19] in the summer of 2018, and through
Clemson University in the summer of 2020, providing three
samples. Theinclusion criterion for participation in the survey
was being 18 years of age or older. The participants were
allowed to share the survey’s URL link, and all respondents
acknowledged informed consent.

The survey included seven demographic questions and rating
items related to the importance of the 29 hedth indicators.
Definitions of these health indicators were provided within the
survey (Multimedia Appendix 2). In the survey, the 29 health
indicators were separated into five subscales [1,2,17]:

1. Hedlth risks and behaviors, with eight indicators: alcohol
abuse, BMI, diet and nutrition, drug or substance abuse,
family history of cancer, physical inactivity, smoking or
tobacco use, and sun protection.

2. Hedth care, with three indicators. immunization and
vaccination, insurance coverage, and personal care needs.

3. Headlth care provider supply, with three indicators: cancer
screening detection, hypertension screening, and HIV
testing.

4. Blood tests in physical exams, with five indicators: blood
sugar level, blood triglycerides, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, and total cholesterol.

5. Other healthiindicators, with 10 indicators: self-rated health
status, high school diploma, air quality index greater than
100, supply of dentists, engagement in life, health literacy

https://www.jmir.org/2022/6/€38099
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rate, major depression, having a sense of purpose in one’'s
life, race and ethnicity, and being unemployed.

After removing invalid data, the final sample yielded 362
responses from Ohio University, 694 from ResearchMatch, and
97 from Clemson University (Multimedia Appendix 3). Survey
items used by Ohio University and Clemson University were
rated on a scale of 0 to 10, where O refers to “not at all
important” and 10 refersto “extremely important.” Survey items
in the ResearchMatch sample were measured using a scale of
0to 100, where O refersto “not at all important” and 100 refers
to“extremely important.” Therefore, as part of the datacleaning
process, the datafrom ResearchMatch were converted to ascale
of 0to 10 (Multimedia Appendix 4 contains the codebook). In
the Ohio University survey, there were five hedth
indicators—blood sugar, blood triglycerides, HDL, LDL, and
total cholesterol—for which a scale of 0to 11, instead of 0 to
10, was used. Due to this error, data for these five indicators
were removed from the Ohio University data set. As a result,
the total sample size of these five indicators was 791
respondents, whereasthetotal sample size of the other indicators
was 1153 respondents.

Theinternal reliability of the survey instrumentswas calculated
for the overall set and the three institutional subsets using
Cronbach a [20].

Data Analytic Strategies

Data analysesincluded rating the 29 health indicators based on
their perceived importance. After aggregating data from the
three samples with descriptive statistics, a three-step analysis
was conducted. The first step of the analysis involved
determining whether the three samples had unanimous
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agreement on the importance of each indicator. A one-way
analysis of variance (ANOVA) with a post hoc test was
conducted using SPSS software (version 27; IBM Corp) for
each indicator to examine any group mean difference, where
the independent variables were the three samples and the
dependent variables were the individual survey responses. A
Levene test was used to test the homogeneity of variance for
each indicator before running an ANOVA. Theindicators with
no group mean differences across sampleswereretained for the
following analysis step.

The second step of the analysis examined the mean differences
between the retained indicators via aone-way ANOVA, where
theindependent variables were the identified indicators and the
dependent variables were the individual survey responses. Any
indicators with no significant mean differences were grouped
together because they could not be ranked.

The third step of the analysis ranked the groups of indicators
into various levels after grouping the indicators with no mean
differences. A one-way ANOVA with a post hoc test was
conducted to examine the mean differences between the levels

Figure 2. The pri mary analytic strategies and overall results of each step.

’E’E&z\ L ﬂ - Agreement — Yes ﬂ
INACE 28

29 indicators
(3 sites)

Results—step 1
(13 indicators)

Results of Descriptive Statistics

Descriptive statistics for the 29 health indicators are reported
in Table 1. The descriptive statistics for the demographic
information for al respondents are reported in Multimedia
Appendix 5. Descriptive analyses show that drug and substance
abuse, smoking and tobacco use, alcohol abuse, magor
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of indicators, where the independent variables were the levels
of indicators and the dependent variables were the individual
survey responses. Any significant mean difference between any
two levels of indicators indicated the ranking order of the two
levels.

Ethics Approval

This study was approved by the Institutional Review Boards of
Ohio University (17-X-142) and Clemson University
(IRB2019-441).

Results

The Overall Layout of the Findings

The primary purpose of this study was to identify the public
perspectives on the importance of the 29 selected health
indicators, whether they agreed with each other, and, if so, what
weretheimportance rankings of the health indicatorsthat agreed
with each other. Figure 2 summarizes the analytic strategies
and the main results of each step. The following paragraphs
elaborate on the detailed results for each step.

— —

Mean

“difference No E

-

— Ranking

Results—step 2
(7 levels)

Results—step 3:
the importance

depression, and diet and nutrition werefound to be the five most
important health indicators, as rated by the study participants.
Additionally, race and ethnicity, possession of a high school
diploma, engagement in life, unemployment status, and sun
protection were the five least important health indicators.
Self-rated health status, the most-used health indicator to assess
an individual’s health status, was ranked in the 20th position.
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Table 1. Descriptive statistics for al 29 health indicators.
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Hedlth indicators ResearchMatch (n=694)

Ohio University (n=362)

Clemson University (n=97) Total (N=1153)

Score®, mean N (%) Score®, mean N (%) Score®, mean N (%) Score®, mean (%)

(SD) (SD) (SD) (SD)
Drug or substanceabuse ~ 8.75 (1.5) 694(100) 8.13(1.96)  362(100) 8.36(1.87)  97(100) 853(1.71) 1153 (100)
Smoking and tobaccouse 8.8 (1.52) 694 (100) 8.02(2.06)  362(100) 8.18(1.84)  97(100) 85(L77) 1153 (100)
Alcohol abuse 834(1.71)  694(100) 7.56(2.03)  362(100) 8.06(1.64)  97(100) 8.07(1.84)  1153(100)
Major depression 8.1(1.6) 685(98.7) 7.79(1.94)  362(100) 8.03(1.57)  97(100) 7.99(1.72)  1144(99.2)
Diet and nutrition 8.01(1.58)  694(100) 7.8(1.93) 362(100) 8.36(1.65)  97(100) 7.97(1.71)  1153(100)
Blood sugar level 776 (1.63) 694 (1000 /AP N/A 7.59(L75)  97(100) 7.74(165)  791(68.6)
Physical inactivity 7.9 (1.68) 694 (100) 7.41(2.13) 362 (100) 7.68(1.77) 97 (100) 7.73(1.85) 1153 (100)
Immunization and vaccina-  7.49 (2.12) 694 (100) 7.67 (2.3 362 (100) 7.72(2.4) 97 (100) 7.57(2.2) 1153 (100)
tion
Hypertension screening 7.59 (1.91) 694 (100) 7.17 (2.29) 362 (100) 7.42(2.03) 97 (100) 7.45 (2.05) 1153 (100)
LDLE cholesterol 7.43 (1.85) 694 (100) N/A N/A 7.56 (1.91) 97 (100) 7.45 (1.86) 791 (68.6)
Blood triglycerides 7.32(1.78) 694 (100) N/A N/A 7.34(1.95)  97(100)  7.32(1.80) 791 (68.6)
HDLY cholesterol 7.31(1.83)  694(100) N/A N/A 7.43(1.91)  97(100) 7.32(1.84)  791(68.6)
Having asense of purpose  7.59 (1.94) 685(98.7) 6.67 (2.53) 362 (100) 7.88(1.93) 97 (100) 7.32(2.19) 1144(99.2)
inone'slife
Cancer screening detection  7.22(2.06) 694 (100)  7.26 (2.3) 362(100) 7.49(209)  97(100) 7.25(2.14) 1153 (100)
Total cholesterol 7.2(2.02) 694 (100) N/A N/A 7.6 (1.85) 97(100) 7.25(200)  791(68.6)
Health literacy rate 6.99(2.02)  685(98.7) 7.06(2.26)  362(100) 7.34(2.01)  97(100)  7.04(2.10)  1144(99.2)
Personal care needs 6.82(2.08)  694(100) 7.01(2.3) 362(100) 7.21(2.1) 97(100) 6.91(2.16)  1153(100)
Air quality index >100 6.74(1.92)  685(98.7) 6.76(2.13)  362(100) 6.89(1.93)  97(100) 6.76(1.99)  1144(99.2)
Family history of cancer ~ 6.98(2.06)  694(100) 6.37(2.24)  362(100) 6.25(1.98)  97(100) 6.73(2.13)  1153(100)
Self-rated health status 6.63(2.2) 694(100) 6.62(2.15)  362(100) 6.92(1.89)  97(100) 6.65(2.16) 1153 (100)
HIV testing 6.62(2.36)  694(100) 6.62(2.64)  362(100) 6.84(2.37)  97(100)  6.64(245) 1153 (100)
Insurance coverage 6.4 (2.88) 694 (100) 6.79(291)  362(100) 7.26(251)  97(100)  6.6(2.87) 1153 (100)
BMI 6.86(2.28)  694(100) 5.8(2.54) 362(100) 6.64(245)  97(100) 6.51(242) 1153 (100)
Supply of dentists 6.53(2.02)  685(98.7) 6.34(2.26)  362(100) 6.04(1.99)  97(100) 6.43(2.10)  1144(99.2)
Sun protection 6.63 (2) 694 (100) 5.73(2.3) 362(100) 5.54(2.18)  97(100) 6.25(2.16) 1153 (100)
Unemployed individual 6.07(2.39)  685(98.7) 552(2.68)  362(100) 6.2(2.69) 97(100)  5.91(249)  1144(99.2)
Engagement in life 6.38(2.18)  685(98.7) 4.82(2.87)  362(100) 6.4(2.33) 97(100) 5.89(2.54)  1144(99.2)
High school diplomaasa  5.02(257)  694(100) 6.04(3.07)  362(100) 556(275  97(100) 5.38(279)  1153(100)
health indicator
Race and ethnicity 5.28(253)  685(98.7) 4.32(2.76)  362(100) 5.02(2.85)  97(100)  4.96(2.67)  1144(99.2)

8 tems were rated on ascale of 0 to 10, where O refers to “not at all important” and 10 refers to “extremely important.”
BN/A: not applicable; datafor thisindicator were removed from the Ohio University data set because ascale of 0to 11 vs 0 to 10 was used.

°LDL: low-density lipoprotein.
9HDL: high-density lipoprotein.

Results of I nferential Statistics

A Levenetest was conducted to test the homogeneity of variance
for each indicator before running an ANOVA. Thisresulted in
nine health indicators with homogenous variance: blood sugar
level, HDL cholesterol, LDL cholesterol, total cholesterol,

https://www.jmir.org/2022/6/€38099
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immunization and vaccination, insurance coverage, cancer
screening detection, air quality index greater than 100, and
self-rated health status (Multimedia Appendix 6). A total of 20
health indicators were found to have heterogeneous variance.
These included the following indicators: blood triglycerides,
alcohol abuse, BMI, diet and nutrition, drug or substance abuse,
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family history of cancer, physical inactivity, smoking and
tobacco use, sun protection, personal care needs, hypertension
screening, HIV testing, high school diploma as a health
indicator, supply of dentists, engagement in life, health literacy
rate, major depression, having a sense of purpose in one'slife,
race and ethnicity, and unemployment (Multimedia Appendix
7).

For the nine indicators with homogeneous variance, a one-way
ANOVA was used. A one-way ANOVA Welch test was used
for the 20 indicators with heterogeneous variance. As a result,
13 indicators were found to have no statistically significant
mean differences among the three samples. This indicates that
survey participants generally agreed on the relative level of
importance of theseindicators (Table 2). The 13 indicatorswere
blood sugar level, blood triglycerides, HDL cholesterol, LDL
cholesteral, total cholesterol, personal care needs, HIV testing,
self-rated health status, supply of dentists, health literacy rate,
immunization and vaccination, cancer screening detection, and
air quality index greater than 100. The means and SDs of their
ratings are presented in Table 2. These 13 indicators were
retained for the second step of the analysis. Significant mean
differences were found among the other 16 indicators, which
indicates that survey participants disagreed on their level of
importance (Multimedia Appendix 8 contains the post hoc
results).

In the second step of the analysis, a one-way ANOVA was run
for the 13 retained indicators, where the independent variables
were the 13 indicators and the dependent variables were the
individual survey responses. The indicators with no mean
differences were grouped into the same level (Table 3) because
they were rated as equally important and could not be ranked
within alevel. Asaresult, seven levels were formed (Table 3).
Level 1 tolevel 7 rankings were organized based on the mean
importance of the health indicators from high to low within and
between levels. Level 1 included blood sugar level and
immunization and vaccination; level 2 included LDL cholesterol;
level 3 included HDL cholesterol, blood triglycerides, cancer
screening detection, and total cholesterol; level 4 included health
literacy rate; level 5included personal care needsand air quality

https://www.jmir.org/2022/6/€38099
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index greater than 100; level 6 included self-rated health status
and HIV testing; and level 7 included the supply of dentists.

In the third step of the analysis, a one-way ANOVA was used
to rank the seven levels of indicators, where the independent
variables were the seven levels and the dependent variables
were the individual survey responses. There were seven
indicatorsin levels 1 to 3: blood sugar level, immunization and
vaccination, LDL cholesterol, HDL cholesterol, blood
triglycerides, cancer screening detection, and total cholesterol.
These indicators were found to be significantly more important
to the survey participantsthan the six indicatorsranked in levels
410 7: hedlth literacy rate, personal care needs, air quality index
greater than 100, self-rated health status, HIV testing, and supply
of dentists (Table 4).

Among the more important indicators, the two indicators in
level 1 (ie, blood sugar level and immunization and vaccination)
were rated as significantly more important than the four
indicatorsin level 3 (ie, HDL cholesterol, blood triglycerides,
cancer screening detection, and total cholesterol). Therefore,
based on the surveys and our analysis results, among these 13
agreeable health indicators, blood sugar level, and immunization
and vaccination were the most important, and the perspectives
of the participants were agreed upon across all three samples.

Furthermore, among the lessimportant indicators, the indicator
assigned to level 4 (ie, hedlth literacy rate) was found to be
significantly more important than the two indicatorsin level 6
(ie, self-rated health status and HIV testing) and the indicator
assignedtolevel 7 (ie, supply of dentists). Additionally, thetwo
indicators assigned to level 5 (ie, air quality index >100 and
personal care needs) were found to be significantly more
important than the indicator assigned to level 7 (ie, supply of
dentists). Therefore, the survey and analysis results showed that
the supply of dentists was the least important among the 13
health indicators, with agreed-upon perspectives acrossthe three
samples. Additionally, the inferential statistical test results
among the level s provided more confidencein ranking the seven
levels from the most important (ie, blood sugar level and
immunization and vaccination) to the least important (ie, supply
of dentists). The statistical significance test results among the
levels provided evidencefor prioritizing the 13 health indicators.
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Table 2. The 13 indicators with nonsignificant mean differences across the three samples.

Health indicator and sources Responses® n (%) Score®, mean (SD) P value®

Blood sugar level®
ResearchMatch (n=694) 694 (100) 7.756 (1.6303) .35
Clemson University (n=97) 97 (100) 7.588 (1.7485)

Blood triglycerid%d

ResearchMatch (n=694) 694 (100) 7.318 (1.7786) 91
Clemson University (n=97) 97 (100) 7.34 (1.952)

HDL® cholesterol®
ResearchMatch (n=694) 694 (100) 7.307 (1.8264) 53
Clemson University (n=97) 97 (100) 7.433(1.9143)

LDL" cholesterol
ResearchMatch (n=694) 694 (100) 7.43 (1.8489) 53
Clemson University (n=97) 97 (100) 7.557 (1.9147)

Total cholesterol®
ResearchMatch (n=694) 694 (100) 7.203 (2.0177) .07
Clemson University (n=97) 97 (100) 7.598 (1.8465)

Per sonal care needs

ResearchMatch (n=694) 694 (100) 6.816 (2.0786) 14
Ohio University (n=362) 362 (100) 7.011 (2.3026)
Clemson University (n=97) 97 (100) 7.206 (2.1013)

HIV testing
ResearchMatch (n=694) 694 (100) 6.616 (2.361) 69
Ohio University (n=362) 362 (100) 6.619 (2.6439)
Clemson University (n=97) 97 (100) 6.835 (2.3747)

Self-rated health status
ResearchMatch (n=694) 694 (100) 6.63 (2.2032) 45
Ohio University (n=362) 362 (100) 6.619 (2.1504)
Clemson University (n=97) 97 (100) 6.918 (1.8912)

Supply of dentists

ResearchMatch (n=694) 685 (98.7) 6.525 (2.0215) .07
Ohio University (n=362) 362 (100) 6.34 (2.2572)
Clemson University (n=97) 97 (100) 6.041 (1.9944)

Health literacy rate

ResearchMatch (n=694) 685 (98.7) 6.986 (2.0199) .26
Ohio University (n=362) 362 (100) 7.061 (2.2617)
Clemson University (n=97) 97 (100) 7.34 (2.0098)

Immunization and vaccination

ResearchMatch (n=694) 694 (100) 7.494 (2.1184) 37
Ohio University (n=362) 362 (100) 7.666 (2.3041)
Clemson University (n=97) 97 (100) 7.722 (2.3968)

Cancer screening detection

ResearchMatch (n=694) 694 (100) 7.217 (2.0625) 52
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Health indicator and sources Responses®, n (%) ScoreP, mean (SD) P value®
Ohio University (n=362) 362 (100) 7.257 (2.3045)
Clemson University (n=97) 97 (100) 7.485 (2.0922)

Air quality index >100

ResearchMatch (n=694) 685 (98.7) 6.736 (1.9232) .78
Ohio University (n=362) 362 (100) 6.76 (2.125)
Clemson University (n=97) 97 (100) 6.887 (1.9304)

#The independent variables were the three samples and the dependent variables were the individual survey responses.

b1tems were rated on ascale of 0to 10, where O refersto “not at all important” and 10 refersto “ extremely important.”

P values were based on analysis of variance or t test results for each health indicator among three samples; they are reported in the top row for each
group.

%The Ohio University data set for this indicator was removed because a scale of 0 to 11 vs 0 to 10 was used.

®HDL: high-density lipoprotein.

fLDL: low-density lipoprotein.
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Table 3. The seven levels of health indicators with no significant mean differences within levels.

Level and health indicators with no group mean differences® Individual survey data?
Responses, n (%) Score®, mean (SD) P value®
Level 1
Blood sugar 791 (68.6) 7.74 (1.65) .053
Immunization and vaccination 1153 (100) 7.57 (2.20)
Level 2
LDLE cholesterol 791 (68.6) 7.45 (1.86) N/AF
Level 3
HDLY cholesterol 791 (68.6) 7.32 (1.84) 77
Blood triglycerides 791 (68.6) 7.32 (1.80)
Cancer screening detection 1153 (100) 7.25 (2.14)
Total cholesterol 791 (68.6) 7.25 (2.00)
Level 4
Health literacy rate 1144 (99.2) 7.04 (2.10) N/A
Level 5
Personal care needs 1153 (100) 6.91 (2.16) .08
Air quality index >100 1144 (99.2) 6.76 (1.99)
Level 6
Self-rated health status 1153 (100) 6.65 (2.16) .87
HIV testing 1153 (100) 6.64 (2.45)
Level 7
Supply of dentists 1144 (99.2) 6.43 (2.10) N/A

4 ndependent variables were the indicators in each level.
bDependent variables were the individual survey responses.
CItems were rated on ascale of 0 to 10, where O refers to “not at all important” and 10 refers to “ extremely important.”

dp values indicate whether mean differences existed among the indicators within each level based on analysis of variance or t test results, and are
reported in the top row of each group.

€L DL: low-density lipoprotein.
N/A: not applicable; no comparison was conducted because the row has only one health indicator.
9HDL: high-density lipoprotein.
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Table4. Analysis of variance post hoc test results for the seven levels of indicators.

Health indicator level® Health indicator level P value
Level 1 Level 2 .58
Level 1 Level 3 <.001
Level 1 Level 6 <.001
Level 1 Level 7 <.001
Level 2 Level 4 .006
Level 2 Level 3 .68
Level 2 Level 5 <.001
Level 2 Level 7 <.001
Level 3 Level 4 .06
Level 3 Level 5 <.001
Level 4 Level 5 27
Level 4 Level 1 <.001
Level 4 Level 6 <.001
Level 5 Level 6 14
Level 5 Level 1 <.001
Level 5 Level 7 <.001
Level 6 Level 7 .28
Level 6 Level 2 <.001
Level 6 Level 3 <.001
Level 7 Level 2 <.001
Level 7 Level 3 <.001
Level 7 Level 4 <.001

#The independent variables were the levels of indicators and the dependent variables were the individual survey responses.

A three subsets related to institutions where the survey was
Reliability of Survey Instruments administered (Table 5). Instruments with Cronbach a values

The 29 items from the survey instruments showed good levels  equal to or higher than .7 are generally considered to bereliable
of internal reliability (Cronbach a=.912), as did each of the [20].

Table 5. Reliability of the survey instrument.

Survey components and data analyzed Cronbach a

Entire survey (all items)

All three samples 912
ResearchMatch 922
Ohio University .893
Clemson University .925
Survey subscales
Heslth risk and behavior indicators 795
Heslth care 613
Heslth care provider supply 831
Blood tests in physical exams 934
Other hedlth indicators .823
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Discussion

Principal Findings

Among all three samples, the ranking of the importance of 13
out of 29 (45%) health indicators showed agreement (Table 3).
However, these health indicators were not necessarily more
important than the other 16; instead, participants were observed
to have perceived importance more consistently among these
13 health indicators. When we compared the 13 health indicators
(Table 3) and their corresponding rankings in Table 1, we
noticed that the 13 health indicators were placed between the
6th and 24th rankingsin Table 1. Thisindicated more agreement
among participants regarding the middle-ranked health
indicators than the higher- or lower-ranked ones. The
perspectives were more heterogeneous for the higher- or
lower-ranked health indicators. Noticeably, the currently widely
used standard individual hedlth indicator, self-rated health status,
was ranked 20th based on the results of the descriptive statistics.
These results indicate a need for new and improved health
indicators.

Among the 13 health indicators found in the seven levels, al
levelswere not significantly different from their immediate next
level (Table 4); that is, there were no significant differences
between levels 1 and 2 (ie, between n and n + 1). There were,
however, significant differences between level 1 and levels 3
to 7 (ie, between n and any level higher than n + 1). These
results pertain to the further prioritization of health indicators.

Given descriptive statistics and inferential test results, our
findings among the 13 health indicators can reasonably be
generalized to some extent to a broader population beyond our
survey respondents. We do not clam the complete
generalizability of our results mainly because our respondents
were not perfectly representative of the composition of the
American population. However, we believe that the 13 health
indicators and their importance rankings within and among
levels can provide substantial and useful evidence when such
indicators need to be prioritized.

Cronbach o is one of the more cited statistics for informing
internal consistency for theitemsof an instrument. If Cronbach
o isgrester than .7, theinstrument isreliable[20]. The Cronbach
a for the entire survey among the three samples was between
.893 and .925. Thisindicatesthat we developed areliable survey
instrument. When examining the subscal es, only the health care
category, which included vaccination and immunization,
insurance coverage, and personal care need, wasbelow .7. The
items in this category are among the most discussed topicsin
health carein the United States. Understandably, the reliability
is lower since the respondents have relatively less consistent
perspectives regarding these items.

Significance and Comparison With Related Research

This study provides a more comprehensive understanding of
theindicators affecting an individual’s health status, particularly
as compared to self-rated health status, the most commonly
used health status measurement [2]. Although there are
advantages associated with using asingle health indicator during
clinical encounters, we believe that the multidimensional

https://www.jmir.org/2022/6/€38099
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measurement of an individua’s health status may be more
objective and can provide additiona insights into the
individual’s health status, particularly if we are concerned with
improving and maximizing the preventive health care services
offered. Obtaining these public perspectives is the first step
toward amore accurate and effective measurement of individual
health status.

This work can be potentially used in two ways: (1) to develop
a more comprehensive and objective measurement of an
individual’s health status and (2) to develop a health index for
anindividual. Additionally, these results can be used to prioritize
various health indicators (eg, to distinguish between core and
secondary indicators). They can also be referenced by designers
and devel opersfor EHR systems, personal health record (PHR)
systems, or other data capture and analysis applications to
determine what health indicators to include in the systems.
Furthermore, these results can contributeto devel oping ahealth
index, which can be used to stratify healthy research participants
to make them more comparable. This would be analogous to
the Charlson Comorbidity Index [21] or propensity scores[22],
which are broadly used in clinical epidemiology dataanalytics,
both of which, however, are disease oriented. Although the
health indicators reported here are not in aformulaformat, this
will be a focus for future research. These results set the
foundation for further weighting, prioritizing, and validating
health indicators via additional data resources.

Additionally, these measurements can track overall health status,
measure the outcomes of preventive services, or aggregate data
to examine community health. Although having moredata points
providesincreased accuracy and specificity for health indicators
embedded within an EHR or PHR, it is important to consider
clinician burnout [23] when using technology. Therefore, it is
necessary to be mindful of the impacts that creating more data
capture regquirements or expectations of clinical users may have.
In thisregard, prioritizing health indicatorsis a necessary step.

Over the years, other systems have been developed to assess
various health risks and associations. The Johns Hopkins
Adjusted Clinical Group system, devel oped and maintained by
Johns Hopkins University for over 30 years, is a global tool
used in population health analytics[24]. Thissystemisfocused
on chronic conditions and comorbidities, and its goa is,
therefore, fundamentally different from ours, which is to
measure individual health status, versus disease status, more
accurately. Another system, the Committee on Quality Measures
for the Healthy People Leading Health Indicators [3], focuses
more on quality measureswith an aim to align the measurements
within a framework of assessment, improvement, and
accountability. The focus, however, is on monitoring and
reporting at the population level, not necessarily individual
health [3].

There are other health-related surveys broadly used worldwide.
For exampl e, the 36-1tem Short Form Health Survey, devel oped
by the RAND Corporation [25], measures quality-of-life and
health outcomes. Similarly, compared with the related but
smaller 12-Item Short Form Health Survey [26], our health
indicators provide amore comprehensive measurement beyond
physical and mental health. The 9-item Patient Health
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Questionnaire [27] isavalidated tool that measures depression
severity. However, we were looking for more objective
indicatorsto measure an individual’s physical and mental health
status in our work.

Our health indicators have good but not al-inclusive coverage.
The Institute of Medicine's Committee on the Recommended
Social and Behavioral Domains and Measures for Electronic
Health Records identified measures across the individual and
neighborhood levels that involve sociodemographic,
psychological, and behavioral data[4,5]. Among the 17 domains
identified by the committee [4,5], 10 were included in our 29
health indicators. Healthy People 2030 [ 28] proposed 22 leading
health indicators for different age groups, of which 16 are
included in our health indicators.

Limitations of This Study

The main limitation of this study isthat it isonly the first step
in determining the importance of these health indicators and,
notably, the results are subjective, as they are based on public
perspectives. Further validation of these results via additional
objective measures, such as health care expenditure by disease
category [29] and the burden of illness estimates for specific
disease categories [30], is needed to support these findings. In
this study, for each health indicator, the sample size of valid
responses ranged from 791 to 1153. We recognize that larger
sample sizes may generate more conclusive and generalizable
results. Therefore, our results about the 13 health indicators,
even though they are inferential statistics, should be treated as
preliminary baseline results; future research may be needed to
validate these findings in other settings.

Another limitation concerns the survey respondents. Females
comprised the mgjority of survey respondents, making up 72.1%,
77.7%, and 69.0% of the samples from Ohio University,
ResearchMatch, and Clemson University, respectively. We
noticed a similar phenomenon in other studies conducted via
ResearchMatch. While we are pleased with the relatively large
sample size, responses may reflect the perspectives of
well-educated females more than those of other groups. For
example, survey respondents with acollege-level education and
beyond represented 54.6%, 82.2%, and 74.0% of the respondents
from Ohio University, ResearchMatch, and Clemson University,
respectively.

In addition to the distribution imbalance in gender and
educational background among our respondents, we al so noticed
that race and ethnicity groups (Multimedia Appendix 5) were
not perfectly representative of the composition of the American
population. The breakdown by racial groups among respondents
of our surveyswas asfollows. White American, 87.3%; African
American, 3.3%; Hispanic and Latino American, 2.2%; Asian
American, 1.6%; Native American, 0.4%; and two or more
races, 2%. We recognize that our data set’s gender and ethnicity
imbalances are limitations of our current convenience sampling
method. In the future, a stratified random-sampling method
based on census-based population demographical data might
provide more representative results and be a better option. This
is a critical point that should be considered when using the
results from this study.

Sokoyaet d

Future Research

We foresee several potential directions in which to continue
this project. Our primary goal for future research isto validate
the results obtained from the three compl eted surveys. Thiscan
be accomplished in several ways. Because we wish to measure
individual health status accurately over time, the use of
longitudinal data would be ideal. One data source is a citizen
science project initiated by the National Institutes of Health,
the All of Us[31] research program. Another source isthe UK
Biobank initiated in the United Kingdom [32], but the most
ideal source would be well-documented longitudinal data of a
group of individuals that include not only their EHR data but
also other data that correlate with our health indicators. Such
ideal data sourceswould allow for examining the corresponding
health indicators and validation of the importance of health
indicators via EHR records and additional health-related data.
In this way, public perspectives will be considered along with
more concrete quantitative evidence to ensure more confidence
in prioritizing health indicators and using them for various
purposes.

Additionally, to mitigate the effect of the current imbalances
seen in respondents regarding gender, race and ethnicity, and
other factors, we could explore the possibility of stratified
random sampling to proactively select more representative
participants. The respondent pool can be more proportionally
representative of the composition of the American population.
As a potential future project, we may also explore possible
correlations between demographic variables and rating results.

Conclusions

Well-designed health indicators are critical tools needed to
accurately measure individual health status. They enable the
determination of effective preventive services and verify their
outcomes. Obtaining the public’s perspective on specific health
indicatorsisthefirst step toward prioritizing them for analytical
and clinical use. This study found that the top five—rated health
indicatorswere drug and substance abuse, smoking and tobacco
use, alcohol abuse, major depression, and diet and nutrition.
Our respondents, however, had heterogeneous views on the top-
and bottom-rated health indicators. The middle 13 health
indicators were rated more homogeneously among all the
respondents. These 13 health indicators were separated into
seven levels based on their perceived importance, providing
further evidence that was used to prioritize these health
indicators. Levels 1 to 7 were organized based on the mean
importance of health indicators from high to low within and
between each level. Level 1 included blood sugar level and
immunization and vaccination; level 2included LDL cholesterol;
level 3 included HDL cholesteral, blood triglycerides, cancer
screening detection, and total cholesterol; level 4 included health
literacy rate; level 5included personal care needsand air quality
index greater than 100; level 6 included self-rated health status
and HIV testing; and level 7 included the supply of dentists.
The results of this study can provide evidence to EHR or PHR
system designers and developers, which they can then use to
select health indicators to incorporate into their systems.
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