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Debate continues on how to measure and weight diseases in multimorbidity. We quantified the association of a

broad range of chronic diseases with physical health–related qualify of life and used these weights to develop and

validate a multimorbidity weighted index (MWI). Community-dwelling adults in 3 national, prospective studies—the

Nurses’ Health Study (n = 121,701), Nurses’ Health Study II (n = 116,686), and Health Professionals Follow-up

Study (n = 51,529)—reported physician-diagnosed diseases and completed the Short Form 36 physical functioning

(PF) scale over multiple survey cycles between 1992 and 2008. Mixed models were used to obtain regression coef-

ficients for the impact of 98 morbid conditions on PF. The MWI was formed by weighting conditions by these coeffi-

cients and was validated through bootstrapping. The final sample included 612,592 observations from 216,890

participants (PF mean score = 46.5 (standard deviation, 11)). The association between diseases and PF varied sev-

eralfold (median,−1.4; range,−10.6 to 0.8). End-stage organ diseases were associated with the greatest reduction in
PF. The mean MWI score was 4.8 (median, 3.7; range, 0–53), and the mean number of comorbid conditions was 3.3

(median, 2.8; range, 0–34). This validated MWI weights diseases by severity using PF, a patient-centered outcome.

These results suggest that simple disease count is unlikely to capture the full impact ofmultimorbidity on health-related

quality of life, and that the MWI is feasible and readily implemented.

comorbidity; health-related quality of life; multimorbidity; multiple chronic conditions; physical functioning; Short

Form 36

Abbreviations: HPFS, Health Professionals Follow-up Study; HRQoL, health-related qualify of life; MWI, multimorbidity weighted

index; NHS, Nurses’ Health Study; PF, physical functioning; SF-36, Short Form 36.

More adults have multimorbidity—multiple, concurrent
morbid conditions—than have a single chronic disease (1).
Older adults are disproportionately burdened: 80% of adults
aged 65 years or older have multimorbidity. However, the
prevalence of multimorbidity is high, at 45%, for all US
adults (1). Multimorbidity is associated with poor health out-
comes and high health-care utilization and costs (2, 3). With
therapeutic advances and aging populations, the prevalence
of multimorbidity continues to rise, and better tools to mea-
sure multimorbidity are needed for patient care, resource al-
location, and the prevention of multimorbidity progression
and complications.

Debate continues on the definition and measurement of
multimorbidity for clinical care and research (4–6). Heteroge-

neity in the impact of chronic conditions is not characterized
optimally, and this hampers consistent, systematic efforts to
study multimorbidity. In many prior studies, investigators
have counted diseases or weighted them in nonstandardized
ways. A few studies have weighted diseases by their impact
on health-related quality of life (HRQoL), but these studies
have been limited by restricted sample sizes and disease in-
ventories and have focused on specialized populations with
an index disease (7–9). Other indices were designed using
administrative data to predict mortality among hospitalized
patients with index diseases (10, 11). To date, no validated
measure has incorporated the effects of disease severity and
disease burden on physical HRQoL for a comprehensive set
of diseases in the ambulatory setting.
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We developed a new measure of multimorbidity using data
from 3 prospective cohort studies of community-dwelling
adults: the Nurses’ Health Study (NHS), NHS II, and the
Health Professionals Follow-up Study (HPFS). Unlike static
administrative data, these longitudinal data afford a unique
opportunity to assess the overall effect of diseases on multi-
morbidity at multiple time points and for varying disease
durations. We examined associations of self-reported phy-
sician-diagnosed diseases with physical functioning (PF)
to develop and validate a multimorbidity weighted index
(MWI). We aimed to address ongoing challenges in measur-
ing multimorbidity by testing the contribution of a broad
array of diseases to an individual’s overall disease burden
using a patient-centered rating of disease impact. At the
same time, we sought to develop an index that could be de-
rived from simple disease inventories to maximize its utility.

METHODS

Study population

Participants in 3 prospective cohort studies with national
samples—NHS (121,701 female nurses aged 30–55 years
in 1976), NHS II (116,686 female nurses aged 25–42 years
in 1989), and HPFS (51,530 male health professionals aged
40–75 years in 1986)—comprised the study population. Par-
ticipants in the 3 studies receive biennial questionnaires
regarding newly diagnosed medical conditions, medications,
and health behavior, and the studies have a follow-up rate
of more than 90% per cycle. We included participants who
reported the occurrence (or absence) of chronic disease and
who completed the Short Form 36 (SF-36) 10-item PF
scale in the same year (12). We excluded participants who
were missing data on age, disease status, or PF. We also ex-
cluded observations from assessments of women made while
they were pregnant, due to a possible independent association
between physical HRQoL and pregnancy (13).

Chronic disease assessment

Chronic diseases and conditions refer to those with long
duration and generally slow progression that are considered
largely irreversible and persistent through adulthood (14,
15). Conditions partially resolved or complicated by surgery
(e.g., hip fracture) were evaluated as potential morbid condi-
tions for the index, and acute and subacute conditions fully
resolved by definitive surgery (e.g., appendectomy) were
not. Self-reported diseases were used in the present analysis
for consistency with the approaches used in most nationally
representative surveys and patient-centered clinical instru-
ments. Proxy respondents could assist with questionnaire
completion, and whether a participant received assistance
was assessed in NHS in 2000 and 2004. Among NHS partic-
ipants who reported dementia, 68% (n = 173) reported re-
ceiving assistance with questionnaire completion.
All chronic diseases and conditions listed on the biennial

questionnaires were considered for analysis (see Web Ta-
bles 1 and 2, available at http://aje.oxfordjournals.org/).
We also considered diseases voluntarily listed by partici-
pants, based on prevalence or inclusion in previous indices,

so this index could be compared with others (Figure 1). When
a disease was not sufficiently prevalent (such that a stable es-
timate could not be obtained) and could not be combined with
similar diseases, the disease was not included in the index.

HRQoL assessment

The SF-36 PF scale was used to weigh the burden of indi-
vidual diseases. SF-36 is an instrument for assessing HRQoL
that is used widely in health services research (16). As op-
posed to instruments specific to age, sex, or disease, the
SF-36 is a generic HRQoL measure applied to diverse dis-
eased and healthy individuals (12) and is ideal for under-
standing the impact and scope of disease burden.
We used the PF scale to assess functional status and mor-

bidity. Lower PF is associated with several negative health
outcomes and has been used to measure the late-stage impact
of diseases on patients (17). The mean PF score and its stan-
dard deviation are standardized to the US general population,
and scores are transformed to a mean of 50 (standard devia-
tion, 10) with a range of 0–100 for lowest to highest function-
ing. PF was assessed every 4 years starting in 1992 for NHS
(1992, 1996, 2000, 2004) and in 1993 for NHS II (1993,
1997, 2001). For HPFS, PF was assessed in 1996 and
2008. In addition, the full physical and mental component
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Figure 1. Inclusion and exclusion criteria used for disease conditions
assessed in 3 nationally sampled cohorts (Nurses’ Health Study,
Nurses’ Health Study II, and Health Professionals Follow-up Study) to
be considered for inclusion in a multimorbidity weighted index. Data
were gathered between 1992 and 2008. After grouping of combined
conditions, there were 81 conditions with stably estimated coefficients.
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summaries were available in NHS and NHS II. The physical
component summary incorporates weighted combinations of
the 8 SF-36 scales—including physical deficits, bodily pain,
vitality, general health perceptions, emotional deficits, social
functioning, and mental health—and was highly correlated
with PF in women (Pearson’s r = 0.802, 95% confidence in-
terval: 0.800, 0.803; P < 0.0001).

Statistical analysis

With continuous PF as the outcome, we tested candidate
morbid conditions as predictors. We used mixed models to
account for repeated assessments of PF within individuals
over time and to allow for between- and within-individual
variation (18). We used an unstructured covariance structure,
which yielded the minimum Akaike information criterion.
We used regression coefficients to develop a weighted com-
bination of all morbid conditions to be used for the MWI. We
adjusted for age (linear and quadratic), calendar time, and
other conditions as potential confounders. We did not adjust
for medications because treatment, including potential side
effects, was considered part of the burden of an individual
condition.

Regression coefficients were obtained separately for each
cohort to maximally adjust for conditions available in each
cohort (e.g., sex-specific diseases). Coefficients from all
3 cohorts were then pooled using fixed-effect meta-analysis
to obtain the DerSimonian-Laird estimator (19).

As an initial screen for potential effect modification by
age in the disease-PF association, we compared regression
coefficients for participants above and below the cohort-
specific median age (64 years, 42 years, and 67 years for
NHS, NHS II, and HPFS, respectively). The impact of condi-
tions on HRQoL in the 2 NHS cohorts was also compared;
women in NHS were on average 20 years older than women
in NHS II. There was no consistent, significant effect modifica-
tion by age with specific diseases, so coefficients from younger
and older participants within each cohort were combined. With
no qualitative differences or a priori hypotheses on specific age-
disease associations, multiple testing with formal interaction
terms was not pursued.

All diseases, particularly rare diseases (prevalence <0.25%),
were evaluated for stability of coefficients to preserve precision.
A stable estimate could not be directly obtained for cirrhosis,
but stable estimates for other end-stage organ diseases—
including congestive heart failure, chronic kidney disease,
and chronic obstructive pulmonary disease—were made
and had a consistent magnitude of severity (change in PF
score of −4.0 to −4.8). Thus, the median of these estimates
(−4.3) was used to weight cirrhosis. For bladder cancer, the
median of scores for 5 genitourinary, pelvic organ, and lower
digestive tract cancers (changes in PF score: cervical cancer,
−0.72; colon cancer, −1.2; ovarian cancer, −1.9; prostate
cancer, −0.40; uterine cancer, −0.75) was used to obtain
an estimate (−0.99). Diseases for which a reliable estimate
could not be determined (e.g., hyperthyroidism) or that
were associated with improved PF were excluded from the
MWI. Hepatitis was included for purposes of comparison
with other comorbidity measures. All other conditions not
specifically assessed in the questionnaire were adjusted for

in the model through a stable estimate obtained for the cate-
gory “other diagnosed diseases.”

The sum of chronic diseases weighted by severity was used
to create the MWI score in PF units. For MWI scores to be
easily interpretable and comparable with simple counts of
disease, we recalibrated the index result to disease units by
dividing the MWI score in PF units by the mean coefficient
weighted by inverse variance (i.e., the average impact of dis-
ease on PF).

The MWI was internally validated through bootstrapping
(20) and cross-validation. For core conditions routinely avail-
able and present throughout follow-up in at least 1 cohort,
which spanned a range of prevalences and disease severity,
we estimated the bias and confidence intervals for our estimates
through bootstrapping. With unrestricted sampling, we created
100 random independent samples with replacement that were
each the same size as our original cohort. For each sample,
we again computed estimates of the associations between
diseases and observed PF, and we compared them with the
original regression coefficients through relative and absolute
differences.As furthercross-validation,we compared estimates
obtained from single and combined years of data using all pos-
sible combinations. All analyses were conducted using SAS,
version 9.3 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

Participant characteristics

Complete data on the presence of chronic disease, HRQoL,
and demographic factors were available from the period
1992–2008 for 216,890 participants (173,657 women,
43,233 men). NHS contributed 390,711 observations made
at 4 assessment points (1992, 1996, 2000, and 2004), NHS
II contributed 312,332 observations made at 3 assessment
points (1993, 1997, and 2001), and HPFS contributed
74,447 observations made at 2 assessment points (1996
and 2008) for a total of 777,490 observations. Women who
were pregnant at the time of assessment (n = 5,347) repre-
sented 2.5% of the cohort. Among participants with complete
data on age and chronic disease, we excluded observations
that did not have completed SF-36 PF scales; this left a
final sample of 612,592 observations. Participants had a
mean age of 55 (standard deviation, 13) years, and 26% of
participants were aged 65 years or older at baseline (Table 1).

HRQoL characteristics

At baseline, the mean PF score was 51.5 (standard devia-
tion, 7.4) units, close to the normed mean of 50 units and the
age- and sex-adjusted means for the general population; it did
not differ by sex (Table 1). During follow-up, PF decreased
by an average of 0.25 units per year in men in HPFS, less than
0.25 units per year in women in NHS II, and 0.5 units per year
in women in NHS.

Comparison of chronic disease andPFassociation bysex

Some diseases were associated with nominally worse PF
for one sex than for the other, but most diseases did not
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have consistent clinically significant differences by sex (Web
Table 2). Because most diseases were associated with a sim-
ilar decrement in PF units in men and women, we focused on
sex-independent models.

Prevalent chronic diseases and HRQoL

Participants reported 374 diseases and conditions through
the questionnaire or listed them as other diagnoses, and 106
were sufficiently prevalent for consideration for the index
(Figure 1, Web Table 1). After combining groups of rare dis-
eases, such as connective tissue diseases, we stably obtained
estimates for 81 diseases and conditions. Conditions were ex-
cluded if they had unstable estimates or were associated with
improvements in PF. After the incorporation of estimates ob-
tained for cirrhosis, bladder cancer, and hepatitis, 74 diseases
and conditions were included in the final index. Of these,
95% were assessed through questionnaire and 5% were listed
by participants.

Among the 74 conditions, the median impact on PF score
by a diseasewas−1.4 (range,−10.6 to 0.8). Diseases with the
highest prevalence and greatest impact on PF are shown in
Table 2. Even among the most common diseases, the impact
on PF varied greatly (median, −0.6; range, −3.5 to 0.1)
(Table 2). Hypercholesterolemia was most prevalent but
had virtually no impact on PF. In contrast, osteoarthritis,
the fourth most prevalent condition, had more than 10-fold
greater impact on PF than hypercholesterolemia and twice
the mean impact of all diseases. Other highly prevalent dis-
eases, including benign breast disease and colon polyps, were
not significantly associated with PF. Skin conditions, includ-
ing squamous cell carcinoma, were associated with improved
PF, likely due to confounding from outdoor leisure-time and
physical activity among high-functioning individuals.
Cancers varied in their impact on PF score (range,−0.40 to

−6.25). Lung cancer had the worst impact on PF, followed by
ovarian cancer, leukemia and lymphoma, colon cancer, and
breast cancer.

Table 1. Characteristics of Participants at Year of Study Entry for 3 Cohorts of Health-Care Professionals,a United

States, 1989–1996

Characteristic

Nurses’ Health
Study (Women;

n = 72,589)

Nurses’ Health
Study II (Women;

n = 86,221)

Health Professionals
Follow-up Study (Men;

n = 36,488)

% Mean (SD) % Mean (SD) % Mean (SD)

Age, years 64.1 (8.2) 38.1 (4.6) 63.3 (9.4)

White race 93.7 94.2 96.9

US region

Northeast 58.5 33.7 28.3

Midwest 19.8 32.2 27.5

South 7.4 15.4 20.7

West 12.2 14.8 23.2

Body mass indexb 26.1 (5.0) 26.1 (6.1) 23.4 (8.5)

Smoking status

Never smoker 43.4 65.3 42.7

Past smoker 42.0 27.0 45.0

Current smoker 13.9 7.6 5.5

Physical examination in past year

Screening, no symptoms 69.0 70.7c 65.6

Symptoms present 19.0 18.8c 18.1

No examination 11.2 10.2c 15.5

Parityd

0 (nulliparous) 5.7 23.4

1 7.1 16.6

2 27.9 37.2

≥3 57.8 22.9

Score from the physical functioning scale 50.1 (8.2) 52.8 (6.5) 51.0 (8.6)

Abbreviation: SD, standard deviation.
a These analyses were based on data gathered from the Nurses’ Health Study in 1992, the Nurses’ Health Study II

in 1989 or 1993, and the Health Professionals Follow-up Study in 1996.
b Body mass index was calculated as weight (kg)/height (m)2.
c In theNurses’Health Study II, physical examinationwas assessed in 1989 because the datawere unavailable for 1993.
d Data available for women only.
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Chronic diseases with the lowest HRQoL

Diseases with the greatest adverse impact on PF are shown
in Table 2. Neurological diseases, including multiple sclerosis
and Parkinson disease, were associated with the greatest dec-
rement in PF. Neurological diseases had 4 times’ greater im-
pact on PF than did the average disease.

After neurological diseases, late- or end-stage organ diseases
—including congestive heart failure, chronic obstructive

pulmonary disease, chronic kidney disease, and cerebrovascu-
lar disease—had the next-greatest effect on diminution of PF,
generally 2–3 times worse than the average of all diseases.

Musculoskeletal conditions were far more prevalent than
neurological and end-stage organ diseases and were associ-
ated with large impacts on PF (Table 2). Participants who un-
derwent knee replacement surgery, which likely reflects the
severity of knee conditions such as osteoarthritis, had the
second-worst PF scores for all diseases and conditions

Table 2. Adjusted Impact of Chronic Diseases and Conditions as Measured on the Short Form 36 Physical

Functioning Scale for the Most Prevalent and Most Severe Diseases Recorded Among 3 Cohorts of Health-Care

Professionals,a United States, 1992–2008

Medical Condition No. of Participants %b Coefficientc Standard Error P Value

Most prevalent conditions

Elevated cholesterol 233,871 38.5 −0.34 0.025 <0.0001

High blood pressure 176,855 29.1 −1.53 0.027 <0.0001

Osteoarthritis 149,180 24.5 −3.52 0.029 <0.0001

Benign breast disease 133,271 21.9 0.11 0.022 <0.0001

Depression 53,886 20.8 −1.29 0.042 <0.0001

Asthma 54,022 8.9 −1.62 0.040 <0.0001

Cataract 59,460 8.2 −0.29 0.037 <0.0001

Prostate cancer 5,061 8.1 −0.40 0.126 <0.0001

Herniated disc 42,734 7.1 −3.27 0.042 <0.0001

Osteoporosis 47,879 6.6 −1.00 0.049 <0.0001

Basal cell carcinoma 37,003 6.1 0.25 0.043 <0.0001

Periodontal disease 32,171 5.6 −0.16 0.063 0.01

Diabetes 30,610 5.0 −2.67 0.055 <0.0001

Uterine fibroid 30,340 5.0 −0.03 0.039 0.46

Premenstrual syndrome 30,237 5.0 −0.41 0.038 <0.0001

Most severe conditions

Multiple sclerosis 3,210 0.5 −10.60 0.155 <0.0001

Knee replacement surgery 1,943 0.3 −9.11 0.317 <0.0001

Parkinson disease 1,355 0.2 −8.82 0.264 <0.0001

Amyotrophic lateral sclerosis 152 0.02 −7.45 0.759 <0.0001

Lung cancer 1,147 0.2 −6.25 0.258 <0.0001

Dementia, including Alzheimer disease 305 0.1 −6.10 0.440 <0.0001

Congestive heart failure 3,442 0.6 −4.76 0.165 <0.0001

Chronic obstructive pulmonary disease 15,771 3.5 −4.32 0.078 <0.0001

Chronic kidney disease 722 0.1 −3.98 0.330 <0.0001

Rheumatoid arthritis 25,811 4.2 −3.79 0.062 <0.0001

Stroke 6,863 1.1 −3.79 0.108 <0.0001

Hip fracture 5,571 0.8 −3.56 0.122 <0.0001

Hip replacement surgery 8,191 1.1 −3.55 0.104 <0.0001

Peripheral artery disease 6,841 0.9 −3.25 0.111 <0.0001

Connective tissue disease 4,373 0.7 −3.02 0.128 <0.0001

a These analyses were based on a total of 612,592 observations gathered from the Nurses’ Health Study, the

Nurses’ Health Study II, and the Health Professionals Follow-up Study.
b Percentage prevalence of each condition based on the sum of observations from all years and cohorts in which

that particular condition was assessed; the prevalence is not necessarily the overall sum of observations for all years

and all cohorts, as in the case of core non–sex-specific conditions assessed in all years.
c Regression coefficients of PF scores were adjusted for age, sex, cohort, and all other chronic diseases and conditions.

Multimorbidity Weighted Index 361

Am J Epidemiol. 2016;184(5):357–365



(−9.11, 95% confidence interval: −9.73, −8.49; P < 0.0001).
Participants who underwent hip replacement surgery had PF
scores similar to those with osteoarthritis.

Multimorbidity weighted index

The pooled estimates of PF obtained from participants
with and without specific diseases formed the basis for
weighting diseases in the MWI. The absolute values of the
declines in PF units for a participant’s conditions were
summed to compute the individual’s MWI score. Conditions
with a positive impact on PF scorewere excluded. MWI score
was computed for each participant in PF units and recali-
brated (by a factor of 1.1) units of disease count.
The average participant had an average MWI score of

4.8 (median, 3.7; range, 0–53) at the last measurement of
PF in these cohorts (Table 3). Women in NHS had MWI
scores twice as high as those of women in NHS II, on aver-
age, consistent with their older age. Over half the women in
NHS II had MWI scores of less than 2. On average, men
had higher MWI scores than women. The MWI spanned
a wider distribution of values than simple disease count
in both men and women. MWI scores for the most com-
mon conditions weighted by their impacts on PF were
only moderately correlated with simple disease count
(Pearson’s r = 0.522, 95% confidence interval: 0.521,
0.523; P < 0.0001).

Internal validation

We obtained bootstrapped estimates for 62 core conditions
assessed in all years in at least 1 cohort, which included a
range of prevalences and disease severity. Estimates for PF
in our index consistently approached the original parameter
estimates (Web Figure 1). Further, these estimates had excel-
lent reliability and precision, as demonstrated through tight
confidence intervals from 100 bootstrapped resamplings
(Web Table 3). Conditions with the greatest relative differ-
ence (e.g., colon polyps) were also those with a positive im-
pact on PF and that were thus excluded. Further adjustment or
replacement of original coefficient estimates was unneces-
sary given the reliability of the resamplings.

DISCUSSION

To better characterize the growing population of persons
with multiple chronic conditions, we propose a patient-
centered, quantitative measure of multimorbidity that may
be applied readily in research and ambulatory practice. We
have demonstrated that individual conditions vary widely,
up to severalfold, in their impacts on PF. This suggests that
simple disease counts are unlikely to capture the full impact
of multimorbidity on health, and methods weighted to phys-
ical HRQoL or other validated measures are feasible, infor-
mative, and easily implemented. The interpretability of our
index, derived from 98 chronic diseases, is 2-fold: Because
the average disease conferred a decrement in PF of approxi-
mately 1 unit, it provides estimates of both an individual’s
burden of “average” diseases and expected decline in PF.
Thus, a 1-point increase in MWI score represents a 1-point
decrement in PF.

Strengths and limitations

Given the large number of individuals who have provided
information on HRQoL repeatedly over time, this is among
the largest quantitative studies of morbidity in community-
dwelling adults to have been conducted to date. The cohort
studies we analyzed contributed rigorous, reliable data on
physician-diagnosed chronic diseases (which participants
were experienced in reporting), diagnosis dates, HRQoL
(as measured through the SF-36), and numerous predictors
and health outcomes. Our sample of 216,890 adults and
612,592 observations enabled us to develop a precise and
comprehensive index. Moreover, because the index relies
on self-reported data, it approximates approaches used in
most nationally representative surveys and patient-centered
clinical instruments. The index can be applied to clinical
and research settings without further refinement, because
past medical history is the only information necessary to cal-
culate the MWI. Using self-reported diseases also avoids po-
tential recording errors that occur in administrative data, such
as incomplete documentation, incomplete or mistaken diag-
nosis, miscoding, and bias due to hospital reimbursement
(21). Nevertheless, we acknowledge that not all potential

Table 3. Mean Values (With Standard Deviations) for Multimorbidity Weighted Index Score and Simple Disease

Count for Participants in 3 Cohorts of Health-Care Professionals,a United States, 2008

Characteristic
Combined
Cohorts

(n = 165,138)

Nurses’ Health
Study

(n = 64,557)

Nurses’ Health
Study II

(n = 76,876)

Health Professionals
Follow-up Study

(n = 23,705)

No. of chronic diseases 3.3 (2.4) 3.9 (2.6) 2.2 (2.0) 5.2 (3.1)

Multimorbidity weighted
index, averageweighted
disease units

4.8 (4.5) 6.1 (4.9) 3.0 (3.2) 6.9 (5.0)

Multimorbidity weighted
index, physical
functioning scale units

5.0 (4.8) 6.4 (5.2) 3.2 (3.4) 7.2 (5.3)

a These analyses were based on data gathered by the Nurses’ Health Study, the Nurses’ Health Study II, and the

Health Professionals Follow-up Study between 1992 and 2008.
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diseases were included, particularly rare conditions that, by
definition, affect a minority of individuals. We also collected
information on diseases by means of both explicit question-
naire and spontaneous open reporting, and these methods
may capture diseases of different severity.

TheMWI is weighted to physical HRQoL and adjusted for
depression, but it does not capture the impact of disease con-
ditions on mental HRQoL. We examined the impact of vari-
ous conditions on the SF-36 mental composite summary, but
the effect size and range were smaller than for PF. The MWI
assumes an additive effect of diseases but does not account
for potential multiplicative effects, which would require ex-
amining first- and higher-order interactions for several poten-
tial disease combinations.

Our study sample included adults from all regions of the
United States but was not explicitly nationally representative.
However, the prevalence of diseases in this sample reflected
those previously reported in US and other populations (22).
Further, participant characteristics, such as obesity and to-
bacco abuse, were similar to those found generally in the
United States (23) and many other industrialized nations
(24, 25). Finally, although disease prevalences may differ
by race/ethnicity or other socioeconomic factors, the condi-
tional associations of diseases and conditions with PF are
likely to be robust to these factors. While other measures of
HRQoL may have been considered, a primary strength of the
SF-36 is that its content and scoring are standardized and thus
may be meaningfully used to monitor and compare clinical
practice outcomes.

Comparison with prior studies

The escalating prevalence of multimorbidity has been ac-
companied by investigative efforts to better characterize
adults with multimorbidity and develop frameworks to
optimize their care. More than 100 definitions have been pro-
posed for multimorbidity (5, 26). One of the most commonly
used measures of multimorbidity is a simple disease count
(≥2 chronic diseases) (27). While simple disease count is
easily computed, ambiguity persists regarding which dis-
eases should contribute toward the disease count. Prior stud-
ies have included a heterogeneous group of diseases, often
based on the availability of diseases assessed or those
hypothesized to influence outcomes such as HRQoL and
mortality. As a consequence, multimorbidity is likely under-
estimated due to a ceiling effect, whereby the multimorbidity
scale has not included a sufficiently comprehensive range of
morbid conditions to capture and distinguish participants
with more severe multimorbidity. Second, a simple count
does not account for the diversity and severity of diseases.
We have demonstrated that both common and rare diseases
have wide-ranging impacts on PF, from no deficit to several-
fold greater deficits. This suggests that treating all diseases
equally, as with a simple count, may oversimplify their full
impact on health. Third, a simple count underrates morbidity
in individuals with single but devastating diseases. For exam-
ple, an individual with multiple sclerosis alone would not be
considered to have multimorbidity despite having severalfold
worse HRQoL (plus the associated burden of medication use
and health-care utilization) than an individual with multiple

conditions of lesser severity. Some multimorbidity indices
weight diseases through nonstandard, semiquantitative mea-
sures, such as subjective ratings by patients or providers (3,
28). However, these indices are less translatable, and findings
obtained using them are less comparable with those of other
studies. Similarly, indices developed in specialized clinical
populations may not be generalizable (7, 9). Finally, our
study included young and middle-aged adults, who may
also carry high levels of multimorbidity. In a prior study,
Lawson et al. (29) reported worse impacts on preference-
weighted HRQoL in younger adults compared with older
adults, with no differences by sex.

Implications

Our MWI contributes to the field of multimorbidity in sev-
eral ways. First, our MWI includes a comprehensive set of 98
distinct morbid conditions for use by other investigators. Sec-
ond, we demonstrated that diseases vary widely in their im-
pact on physical HRQoL, and thus current methods, such as
simple disease counts, may not be the most informative for
capturing the burden of multiple chronic conditions. Third,
we developed and internally validated our MWI, which
uses these weights to assign severity values to individual dis-
eases, providing an easy estimate of physical HRQoL burden
from a simple disease inventory. This index allows diseases
associated with greater decrements in PF to contribute greater
weight to an individual’s multimorbidity burden. For exam-
ple, weighting diseases by their impact on PF rather than their
mortality recognizes chronic, debilitating yet not directly
fatal diseases, such as osteoarthritis, as having a high impact
on multimorbidity. As a consequence, researchers conduct-
ing clinical- and population-level studies of community-
dwelling adults may now reliably and validly adjust for a
comprehensive set of diseases. Clinical applications include
identifying risk factors to delay multimorbidity onset and
progression as well as refining decision-making and care co-
ordination for patients with multimorbidity—using an index
that, ultimately, could be completed by patients themselves
and does not rely on administrative data. Such an index can
be used to tailor visit frequency or duration and target support
services to those at greatest risk.

Future studies

HRQoL is a single patient-centered outcomewith which to
quantify the severity of individual diseases and their contri-
butions to multimorbidity. Future studies are needed to mea-
sure other outcomes—such as patient experiences, barriers to
health care, quality of care, receipt of preventive services,
health-care utilization and cost, and quality-adjusted life
years—and assess the impact of potential interventions in
adults with multiple chronic conditions. While the utilization
and cost of health services increase with multimorbidity, fur-
ther studies are needed to assess the association of the MWI
with these and other health outcomes. The impact of diseases
on mental HRQoL may also be further investigated using
other instruments. While our index is based on large prospec-
tive cohort studies of community-dwelling adults throughout
the United States, further studies in diverse populations are
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nonetheless necessary to establish the external validity of
this index.
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