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Objective. To examine facility variation in data quality of the level of pain docu-
mented in the minimum data set (MDS) as a function of level of hospice enrollment in
nursing homes (NHs).
Data Source. Clinical assessments on 3,469 nonhospice residents from 178 NHs were
merged with On-line Survey Certification and Reporting data of 2000, Medicare Claims
data of 2000 and the MDS of 2000–2002.
Study Design. Using the same assessment protocol, NH staff and study nurses inde-
pendently assessed 3,469 nonhospice residents. Study nurses’ assessments being gold
standard, we quantified and compared quality of NH staff’s pain rating across NHs with
high, medium, or low hospice use. Multilevel models were built to assess the effect of
NH hospice use levels on the occurrence of false positive (FP) and false negative (FN)
errors in NH-rated ‘‘severe pain.’’
Principal Findings. Of 178 NHs, 25 had medium and 41 high hospice use. NHs with
higher hospice use had lower sensitivities. In multilevel analysis, we found a significant
facility-level variation in the probability of FP and FN errors in facility-rated ‘‘severe
pain.’’ Resident characteristics only explained 4 and 0 percent of the facility variation in
FP and FN, respectively; characteristics and locations (state) of NHs further explained
53 and 52 percent of the variance. After controlling for resident and NH characteristics,
staff in NHs with medium or high hospice use were less likely to have FP or FN errors in
their MDS documentation of pain than were staff in NHs with low or no hospice use.
Conclusions. The examination of data quality of pooled MDS data from multiple
NHs is insufficient. Multilevel analysis is needed to elucidate sources of heterogeneity in
the quality of MDS data across NHs. Facility characteristics, e.g., hospice use or NH
location, are systematically associated with overrated/underrated pain and may bias
pain quality indicator (QI) comparisons. To ensure the integrity of QI comparison in the
NH setting, the government may need to institute regular audits of MDS data quality.
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Quality indicators (QIs) are developed by government and researchers to
measure and monitor the performance of health care providers (Starfield
1998). To be considered useful for monitoring providers’ quality of care, a QI
must be clinically meaningful and have good reliability and validity (Berg et al.
2002). Existing studies have addressed some of the measurement features a QI
should process, including the stability of QIs over time, sample size issues, the
responsiveness of QIs to interventions, and the use of risk adjustment in QI
comparisons (Starfield 1998; Kritchevsky et al. 1999; Rosen et al. 1999;
Gandjour et al. 2002; Mor et al. 2003; Rantz et al. 2004). However, the extent
and causes of ascertainment bias have been studied less extensively (Mor et al.
2003).

Ascertainment bias refers to systematic errors in the assessment and
documentation of the true prevalence of a phenomenon (e.g., a clinical con-
dition) because of the difference in assessors’ measurement skills or adherence
to measurement protocols (Carr 2004). Ascertainment bias in the data used for
QI calculation biases provider–performance comparisons. If the comparisons
are to guide the regulators to reward or punish performance outliers, then
invalid results may have a serious adverse impact on both health care pro-
viders and consumers. In the nursing home (NH) setting, QIs are calculated
from a facility-generated data set——the minimum data set (MDS). Ascertain-
ment bias occurs when facility staff under- or overestimate the severity of
residents’ conditions relative to either other residents (i.e., at a resident level)
or other NHs (i.e., at a facility level). To-date, fewer studies have examined, or
compared, the extent of ascertainment bias at the facility level than at the
resident level (Simmons et al. 2004). One reason is the difficulty in obtaining a
‘‘gold standard’’ measure from multiple providers to which provider-gener-
ated data can be compared. Even when ‘‘gold standard’’ data are available,
examination of data quality has often been based on pooled data of all the
providers, ignoring the variation in the data quality across providers (Gam-
bassi et al. 1998; Fisher et al. 2002; Schnelle et al. 2003). One exception is the
study conducted by Mor et al. (2003) that found significant variation in the
facility-specific k’s of QI components derived from facility-generated MDS.
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Multilevel analysis may be an appropriate approach to examine the
existence and extent of ascertainment bias of QI data used to compare pro-
vider performance. Multilevel analysis has been used in studies evaluating the
performance of health care providers, since to make inference or draw con-
clusions about providers, not individual patients, traditional statistical meth-
ods that ignore the hierarchical data structure are not appropriate (Leyland
and Goldstein 2001). Similar to provider performance, the quality of a pro-
vider’s data is uniformly affected by the provider’s characteristics, e.g., staffing
level and resident case mix, etc. Multilevel analysis takes into account the
clustered data structure, allows researchers to estimate the effect of providers’
characteristics on the extent and direction of ascertainment bias, generates less
biased estimates for standard errors of effect, and allows the consideration of
how such bias may influence the QI comparison.

Multilevel analysis can also assist in developing QIs. A good QI should
not only be clinically meaningful but also not be subject to measurement error.
The utility of an important QI can be compromised if it is difficult to collect
valid and/or reliable data (Huff 1997). To date, most of the emphasis in the
development of QIs has been on experts’ opinions and insufficient emphasis
has been devoted to empirical and quantitative analyses on the data quality of
QIs (Huff 1997). With multilevel analysis, researchers can compare the sus-
ceptibility of different data items to measurement errors. If alternatives exist
and both items are considered to be clinically meaningful, it would be pref-
erable to select the more reliable item for QI calculation.

In this article, using the largest reliability data file collected in the NH
setting to date and using multilevel analysis, we illustrate how NH characteristics
may affect NH staff’s adherence to assessment protocols, and in turn, the
reliability and validity of the MDS-derived variable ‘‘severe pain’’ for the cal-
culation of the pain QI now being publicly reported. We also create another
MDS-derived pain variable and compare its data quality to that of ‘‘severe
pain.’’

Specifically, we examine the impact of NH hospice use on the quality of
the MDS-derived pain variables in nonhospice residents. Previous studies
have suggested that residents enrolled in hospice received better assessment
and management of pain than do residents not enrolled in hospice (Miller,
Gozalo, and Mor 2000). In addition, nonhospice residents in NHs with a
higher level of hospice use may receive more comprehensive pain assessments
than nonhospice residents in NHs with no or low hospice use, probably be-
cause of NH staff’s acquiring skills in detecting pain via their collaboration
with hospice staff, a phenomenon often referred to as the hospice spill over
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effect (Wu et al. 2003). If the comparison of the pain QI among NHs is unduly
influenced by the differential assessment of pain as a function of the level of
hospice use in NHs, conclusions are likely to be invalid. To further test the
presence of hospice spill over effect in NH settings, we built multilevel models
to assess the effect of NH hospice use on the occurrence of false positive (FP)
and false negative (FN) errors in MDS-derived pain variables.

METHOD

Subjects

Subjects are 3,469 nonhospice NH residents from 178 NHs who participated
in the ‘‘National Study to Validate the Long-Term and Post-Acute Care
Quality Indicators Derived from MDS’’ (referred as the QI validation study).
Detailed information about the study design and data collection procedure is
published elsewhere (Morris et al. 2002; Mor et al. 2003). Briefly, 209 NHs
from six states (California, Illinois, Missouri, Ohio, Pennsylvania, and Ten-
nessee) participated the study in late 2001 and early 2002. In each NH, study
nurses selected up to 30 residents with a recently completed MDS, and
conducted an additional and abbreviated MDS assessment. The NH resident
selection strategy was to ensure that the time interval between the two MDS
assessments be short enough to examine interrater agreement between NH
staff and study nurses. Of the 3,799 residents whose interval between the two
assessments were less than or equal to 30 days, we excluded 63 (1.7 percent)
because of missing data on at least one pain assessment and 78 (2.1 percent)
who were on hospice when either one or both of the assessments were con-
ducted. To obtain stable estimates for the effect of facility characteristics on
data quality, we further excluded 31 NHs with less than 10 eligible partic-
ipating residents. The remaining 3,469 nonhospice residents composed our
study sample.

Data Sources

To determine residents’ demographic characteristics and clinical conditions
we merged the QI validation data with the 2000–2002 MDS Natural Repos-
itory file. Information on NH characteristics were obtained from 2001 On-line
Survey Certification and Reporting data. The extent of hospice use in an NH
was determined by using the 2000 Medicare claims data for all the residents in
the study NHs. All the Medicare hospice claims during the year 2000 from the
178 participating NHs were abstracted.
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Measurements

The MDS version 2.0 documents both the frequency and intensity of pain a
resident experienced in 7 days prior to the assessment date. We used these
two measures to create a scale to represent the severity of pain, a scale used
in previous studies (Teno et al. 2001; Wu et al. 2003). Seven scores were
given to indicate the increasing severity of pain: 0, no pain; 1, less than daily
mild pain; 2, daily mild pain; 3, less than daily moderate pain; 4, daily
moderate pain; 5, less than daily excruciating pain; and 6, daily excruciating
pain. The CMS defines the pain QI as the prevalence of residents with daily
moderate pain or excruciating pain at any frequency. Accordingly, we cre-
ated a dichotomized variable indicating the existence of such pain (referred
to as ‘‘severe pain’’). In addition, based on the same seven-point pain scale
we created another dichotomized pain variable to indicate the presence of
pain which should be managed: no pain or mild less than daily pain versus
mild daily pain or moderate/excruciating pain at any frequency (referred to
as ‘‘mild daily or worse pain’’). We reasoned that mild, persistent pain can
have a significant negative impact on residents’ quality of life. Hence, res-
idents with mild daily pain should also receive appropriate pain manage-
ment. Furthermore, we expect this pain variable be more reliable than
‘‘severe pain’’ since nurses would be more likely to agree on presence/
absence of pain than on the ratings of pain levels (Manfredi et al. 2003).

In the process of assessment and documentation of pain, both study
nurses and NH staff were expected to follow the same assessment protocol,
contained in the Resident Assessment Instrument (RAI) Users’ Manual (Mor-
ris et al. 2002). In accordance with the RAI manual, study nurses and NH staff
were instructed to use all sources of information to complete the MDS, in-
cluding residents, facility staff, attending physicians, and medical charts (study
nurses were prohibited of course from reviewing the facility MDS record). No
additional assessment instructions were given to study nurses. Study nurses
completed the MDS assessments of sampled residents before attending to any
other data collection in facilities. Thus, we are confident we can attribute the
difference in pain ratings between NH staff and study nurses to random errors,
or differential adherence to RAI protocols. The MDS assessments by NH staff
were not specifically collected for the QI validation study, but rather were part
of the routine assessments conducted by NHs and submitted to CMS to fulfill
the government’s mandate. Therefore, these can be presumed to reflect the
real quality of MDS data compiled by CMS. The assessment data collected by
study nurses were considered the gold standard because the study nurses were
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experienced, uniformly trained to follow the RAI protocol, and certified be-
fore they were sent to NHs to collect data (Morris et al. 2002). Evidence of
study nurses’ interrater reliability to one another on pain assessments revealed
k’s for pain frequency and intensity over 0.75 (Mor et al. 2003).

Hospice concentration is defined as the total (unduplicated) number of
an NH’s residents enrolled in hospice divided by the total (unduplicated)
number of residents living in an NH within a predefined time period (e.g., 1
calendar year) (Miller, Gozalo, and Mor 2000). For the calculation of the
hospice concentration, because of the unavailability of Medicare claims data
for the year 2001, we linked the MDS Natural Repository file and the 2000
Medicare Claims data. The numerator was operationalized as the number of
individuals with at least one hospice claim during their NH stays in 2000, and
the denominator was operationalized as the number of individuals with at least
one MDS assessment during the same period of time. We categorized the 178
NHs into three groups by their hospice concentration: no or low (hospice
concentration o3 percent), medium (hospice concentration 5 3–5 percent),
and high (hospice concentration 45 percent) hospice use.

Analytic Approach

We compared residents’ and facilities’ characteristics across the three NH
hospice use categories. To examine the facility variation in the quality of MDS
pain data, we calculated sensitivity, specificity, g and k for the two dicho-
tomized pain variables based on pooled data and data from individual NHs,
assuming study nurses’ rating as the gold standard. g is the weighted difference
between the FP and FN rates (Roy and Mor 2004). g’s value reflects the
direction of the NH staff’s measurement error: a g larger than 0 implies that, on
average, NH staff in the facility over report residents’ pain relative to study
nurses; smaller than 0 means underreporting; and equal to 0 is equivalent to
no over-or underreport. k is the chance corrected rater agreement (Brennan
and Hays 1992). We compared results from pooled analysis and from analyses
at the facility level. We also compared the distribution of these four facility-
level statistics on data quality among the three hospice use categories. An
existing study suggests NHs with very low rates of pain had more FN errors,
and therefore, the low pain QIs may indicate underreporting rather than
adequate management of pain (Cadogan et al. 2004). To further explore the
association between the pain QI and quality of pain data, we plotted the
facility-specific prevalence of pain and g’s.

Multilevel models with multinominal outcomes were built in MLwiN
to extract the ‘‘pure’’ effect of NH hospice use on the validity of facility
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documentation of ‘‘severe pain’’ and ‘‘mild daily or worse pain,’’ respectively
(Yang et al. 2001; Leyland and Goldstein 2001). By comparing with the gold
standard (study nurses’ assessments), facility-generated pain ratings were cat-
egorized into three groups: (1) FN, (2) FP, and (3) ratings that agree. For the ith
resident living in j th NH, we modeled the probability of the resident’s facility
pain rating being in one of the three data quality categories. Consider a two-
level model with one explanatory variable at individual level and one at
facility level. The model can be expressed as

logðpðsÞij =p
ðrÞ
ij Þ ¼ bðsÞ0 þ bðsÞ1 x1ij þ bðsÞ2 x2j þ u ðsÞ0j

where s 5 1, 2 for FN and FP, respectively; r 5 1 for ratings that agree; u0

indices random intercepts at facility level. Two sets of regression coefficients
are estimated simultaneously for FP versus agreed ratings and FN versus
agreed ratings, respectively.

We first fitted null models with random intercepts to examine the be-
tween-facility variation of average probabilities of FP or FN. Then we
sequentially added resident characteristics, NH characteristics and the state in
which study NHs were located in the models and observed the reduction in
the unexplained facility-level variation of the average probabilities of FP and
FN. Lastly we evaluated the impact of medium or high hospice use in an NH
on the likelihood of occurrence of FP and FN errors relative to correct ratings.
In the final models, we kept variables that either significantly improve the
model fitting or change the estimated effect of NH hospice use on the quality of
MDS pain data by over 10 percent.

RESULTS

Both NH staff and study nurses were less likely to record ‘‘severe pain’’ or
‘‘mild daily or worse pain’’ for nonhospice residents in NHs with medium or
high hospice use compared with in NH with no or low hospice use (Table 1).
In the pooled analysis of data quality, the dichotomized pain variables ‘‘severe
pain’’ and ‘‘mild daily or worse pain’’ had good sensitivity and specificity,
acceptable k’s and g’s close to zero (Table 2). There was a significant heter-
ogeneity in the quality of the dichotomized pain variables across NHs (Figure 1).
Although not statistically significant, on average NHs with high hospice use
had lower sensitivity, g and k for ‘‘severe pain’’ than did NHs with less hospice
use (Figure 1a). For the dichotomized pain variable ‘‘mild daily or worse pain’’
the data quality at facility level is relatively more homogenous across the
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Table 1: Characteristics of Residents and Nursing Homes by Hospice Use
Concentration Categories

Resident Characteristics

Hospice Concentration Categories

No or Low (0–3%)
(n 5 2,285)

Medium (3–5%)
(n 5 453)

High (5%1)
(n 5 731)

Having severe pain
Rated by study nurses (%) 27.13 15.23 17.92
Rated by NH staff (%) 31.03 14.79 13.27

Having mild daily or worse pain
Rated by study nurse (%) 44.90 28.48 28.86
Rated by NH staff (%) 46.87 28.92 25.58

Age categories (years)
o65 (%) 13.30 12.14 8.34
75–85 (%) 36.46 29.80 30.64
85–95 (%) 28.10 35.32 42.13
951 (%) 3.85 5.74 8.89

Nonwhite (%) 19.12 11.92 12.72
Men (%) 34.66 23.18 27.36
Not married (%) 72.04 80.57 83.31
Cancer (%) 11.07 4.86 6.84
Diabetes (%) 25.16 26.27 21.89
Osteoporosis (%) 12.15 15.67 11.22
Arthritis (%) 27.88 27.81 20.25
Any pressure ulcer (%) 22.76 18.54 15.18
Hip fracture in the past 6 months (%) 5.47 4.86 6.57
Wound infection (%) 7.75 3.97 3.56
Dementia (%) 20.61 30.68 31.19
Cognitive impairment

No or mild (CPS 5 0, 1) (%) 49.50 32.45 22.44
Moderate (CPS 5 2, 3) (%) 31.29 39.96 47.20
Severe (CPS 5 4–6) (%) 19.21 27.59 30.37

Nursing Home Characteristics
No or Low (0–3%)

(n 5 110)
Medium (3–5%)

(n 5 25)
High (5%1)

(n 5 43)

Hospice concentration
Median (range) 0.67

(0–2.95)
3.63

(3.08–4.99)
6.88

(5.19–13.08)
Facility ran for profit (%) 38.47 59.38 56.36
Free-standing facility (%) 44.20 85.43 96.99
Part of a chain (%) 52.78 53.20 42.27
NH occupancy rate 480% (%) 67.83 67.11 82.22
Facility has special care unit 10.24 25.83 33.93
Percent of residents paid by Medicaid

Mean � SD 38.13 � 35.39 60.64 � 27.16 57.2 � 22.64

continued
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hospice use categories as compared with ‘‘severe pain’’ (Figure 1b). We did not
find a strong association between the facility-specific prevalence of pain and
g’s (Figure 2). In NHs with very low prevalence of ‘‘severe pain,’’ about half of
the NHs underrecord and the other half overrecord pain; in NHs with very
high prevalence of ‘‘severe pain,’’ most overrecord pain.

The intra-class correlation (ICC) of the probability of facility document-
ed ‘‘severe pain’’ being FP and FN was 0.19 and 0.19, respectively (Table 3).
There was a small covariance between the outcomes of FP and FN, suggesting
an NH’s probability of having FP errors is not correlated with its probability of

Nursing Home Characteristics
No or Low (0–3%)

(n 5 110)
Medium (3–5%)

(n 5 25)
High (5%1)

(n 5 43)

Percent of residents paid by Medicare
Mean � SD 36.65 � 34.87 14.91 � 21.51 8.17 � 13.69

Percent of residents with dementia
Mean � SD 1.76 � 6.28 7.82 � 15.13 8.84 � 19.58

Number of nurse hour per resident
Mean � SD 4.55 � 1.85 3.33 � 1.11 3.04 � 0.98

State in which NH was located
California (%) 21.82 8.00 6.98
Illinois (%) 20.91 8.00 23.36
Missouri (%) 3.64 24.00 27.91
Ohio (%) 10.91 24.00 18.60
Pennsylvania (%) 18.18 32.00 18.60
Tennessee (%) 24.55 4.00 4.65

Table 1: Continued

Table 2: Pooled Analysis on Quality of Dichotomized Pain Variables

N Sensitivity Specificity g k

Quality of the variable
‘‘Severe pain’’
All residents 3,469 0.72 0.89 0.05 0.60
Nursing home hospice use

No or low 2,285 0.77 0.86 0.11 0.60
Medium 453 0.70 0.95 � 0.02 0.65
High 731 0.50 0.95 � 0.18 0.49

Quality of the variable
‘‘Mild daily or worse pain’’
All residents 3,469 0.80 0.86 0.02 0.65
Nursing home hospice use

No or low 2,285 0.83 0.83 0.05 0.66
Medium 453 0.75 0.90 0.01 0.64
High 731 0.65 0.91 � 0.10 0.58
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Figure 1: Distribution of Facility-Level Statistics on the Quality of
Dichotomized Pain Variables: (a) For ‘‘Severe Pain’’ and (b) For ‘‘Mild Daily
and Worse Pain’’

X-axis: categories of nursing home hospice concentration (none or low: 0–3 percent;
medium: 3–5 percent; high: 51 percent)
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having FN errors. With the inclusion of NH resident characteristics in the
model, we observed a 4 percent reduction in the estimate of the facility-level
variance for FP and none for FN. That is, only a small fraction of the between-
facility difference in the facility-specific proportion of FP was explained by
case mix; and these resident characteristics were unable to explain the var-
iation of FN among NHs. After adding NH characteristics in the model (ex-
cept for states), the facility-level variance in FP further decreased by 40
percent, in FN reduced by 23 percent. Finally, in the full model with resident
and NH characteristics as well as state, the facility-level variance decreased by
53 and 50 percent (Table 3). The state in which the study NH was located
explained a substantial amount of between-facility variation of FP and
FN. However, unexplained facility-level variances for both outcomes re-
mained highly significant meaning there are still unmeasured facility-level
factors that may contribute to the heterogeneity in the quality of MDS pain
assessments.
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Figure 2: The Association between Facility-Specific Prevalence of Pain and g:
(a) ‘‘Severe Pain’’ and (b) ‘‘Mild Daily or Worse Pain’’
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After controlling for resident and NH characteristics, facility-rated ‘‘se-
vere pain’’ from NHs with medium hospice use were more likely to agree with
gold standards, i.e., were half as likely to have FP or FN errors, in comparison

Table 3: The Association between Hospice Concentration and the Occur-
rence of Disagreement in Pain Rating on Nonhospice Residents between NH
and Study Nurses: Severe Pain versus Nonsevere Pain (Cutoff 5 4)

False Positive
(FP)

False Negative
(FN)

Null models with random intercepts
Unexplained variance at facility level

Variance 0.87 (0.17)n 0.88 (0.18)
Covariance � 0.12 (0.12)

Intraclass correlation 0.19 0.19
Full models with random intercepts

Hospice concentration (%)
0�3 ——w ——
3–5 0.39 (0.21–0.73) 0.54 (0.29–1.00)
51 0.56 (0.33–0.95) 1.00 (0.61–1.65)

Age (centered)
Linear term 0.94 (0.78–1.13) 1.03 (0.85–1.25)
Quadratic term 0.99 (0.92–1.07) 1.00 (0.91–1.10)

Cognitive impairment
No or mild (CPS 5 0 or 1) —— ——
Moderate (CPS 5 2 or 3) 0.57 (0.42–0.79) 0.80 (0.57–1.13)
Severe (CPS 5 4, 5, or 6) 0.34 (0.21–0.55) 0.72 (0.47–1.11)

Having cancer 1.04 (0.69–1.57) 1.55 (1.02–2.35)
Having dementia 1.02 (0.68–1.52) 1.06 (0.73–1.54)
Male 0.75 (0.57–1.00) 0.85 (0.62–1.15)
Nurse hours/resident 1.04 (0.86–1.26) 1.00 (0.81–1.23)
Occupancy rate o80% 1.50 (1.01–2.25) 0.75 (0.48–1.18)
Part of a chain 1.00 (0.71–1.41) 1.29 (0.90–1.86)
Having 1001 beds 0.81 (0.53–1.25) 0.66 (0.43–1.02)
Number of health deficiencies 450th

percentile in the state
0.96 (0.65–1.43) 0.99 (0.66–1.49)

Location of the study nursing home
California 2.07 (1.11–3.86) 0.52 (0.24–1.11)
Illinois 1.25 (0.66–2.36) 1.40 (0.74–2.65)
Missouri 1.76 (0.79–3.93) 4.07 (1.99–8.30)
Ohio 2.37 (1.25–4.49) 1.21 (0.62–2.39)
Pennsylvania 1.39 (0.75–2.58) 1.41 (0.77–2.58)
Tennessee —— ——

Unexplained variance at facility level
Variance 0.41 (0.12) 0.44 (0.14)
Covariance � 0.07 (0.10)

nStandard error of variance at the level of nursing home.
wReferent group.
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with no or low hospice use (Table 3). In NHs with high hospice use, facility
pain ratings were as likely to be FN as in NHs with low or no hospice use,
whereas they were less likely to be FP.

Table 4: The Association between Hospice Concentration and the Occur-
rence of Disagreement in Pain Rating on Nonhospice Residents between NH
and Study Nurses: Mild Daily or Worse Pain versus No Pain or Mild Less than
Daily Pain (Cutoff 5 1)

False Positive (FP) False Negative (FN)

Null models with random intercepts
Unexplained variance at facility level

Variance 0.60 (0.13)n 0.47 (0.12)
Covariance � 0.09 (0.09)

Intraclass correlation 0.10 0.06
Full models with random intercepts

Hospice concentration (%)
0�3 ——w ——
3�5 0.62 (0.37–1.04) 0.72 (0.44–1.20)
51 0.60 (0.37–0.97) 0.82 (0.54–1.27)

Age (centered)
Linear term 1.05 (0.88–1.25) 1.30 (1.10–1.54)
Quadratic term 0.96 (0.88–1.05) 1.05 (0.96–1.14)

Cognitive impairment
No or mild (CPS 5 0 or 1) —— ——
Moderate (CPS 5 2 or 3) 0.64 (0.47–0.86) 0.81 (0.59–1.12)
Severe (CPS 5 4, 5, or 6) 0.46 (0.30–0.69) 1.04 (0.71–1.51)

Having cancer 0.99 (0.66–1.49) 1.24 (0.82–1.88)
Having dementia 1.14 (0.80–1.61) 0.94 (0.68–1.32)
Male 0.87 (0.66–1.14) 1.06 (0.80–1.40)
Nurse hours/resident 0.89 (0.74–1.08) 0.95 (0.80–1.14)
Occupancy rate o80% 1.57 (1.08–2.30) 0.94 (0.64–1.38)
Part of a chain 0.77 (0.56–1.06) 1.09 (0.80–1.49)
Having 1001beds 1.13 (0.76–1.67) 1.01 (0.69–1.46)
Number of health deficiencies 450th

percentile in the state
1.06 (0.74–1.51) 1.02 (0.73–1.44)

Location of the study nursing home
California 1.71 (0.95–3.09) 0.73 (0.39–1.35)
Illinois 1.11 (0.61–2.02) 1.76 (1.04–2.97)
Missouri 1.48 (0.71–3.07) 3.05 (1.66–5.60)
Ohio 2.72 (1.52–4.87) 0.95 (0.51–1.75)
Pennsylvania 1.40 (0.80–2.46) 1.12 (0.67–1.88)
Tennessee —— ——

Unexplained variance at facility level
Variance 0.36 (0.11) 0.25 (0.10)
Covariance 0.01 (0.08)

nStandard error of variance at the level of nursing home.
wReferent group.
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We observed a much smaller facility-level variation in the probability of
FP and FN for ‘‘mild daily or worse pain’’ than for ‘‘severe pain.’’ The ICC was
0.10 and 0.06 for FP and FN, respectively (Table 4). The inclusion of resident
characteristics in the multilevel model reduced the variation of FP by 12
percent and the variation of FN by 3.2 percent; the inclusion of facility char-
acteristics (except for states) further reduced the variations by 8 percent for
both. In the full model, 40 and 47 percent of facility variance in FP and FN was
explained by the covariates (Table 4).

DISCUSSION

Ascertainment bias in the identification of clinical conditions threatens the
validity of QI comparisons of health care providers’ performance. This is the
first study that uses multilevel analysis to explore the impact of NH charac-
teristics on the quality of facility-generated MDS data.

There are four major findings in our study. First, it is insufficient to
examine the data quality using pooled data over multiple providers. The
variations in data quality across providers may not be identified by examining
the overall quality of the pooled data because errors could average out, or
appear insignificant. Stratified analysis on pooled data provided some insight
on the variation of data quality in NHs with different levels of hospice use.
However, the comparison of data quality across hospice use strata is con-
founded by factors that are simultaneously associated with both data quality
and NH hospice use. Our findings underline the importance of multilevel
analysis in assessing the quality of provider-generated data.

Second, in our study we found facility characteristics to be more important
than resident characteristics in explaining facility variations in the probability of
disagreement between facility-rated pain and our gold standard nurse raters.
One reason is that the pain ratings given by study nurses may also be biased by
residents’ characteristics given the assessment protocol and limited time to ob-
serve and interact with residents. On the other hand, the study nurses were
uniformly trained and were from outside the participating NHs. Therefore, even
though study nurses’ assessments also had errors, the errors were largely be-
cause of study nurses’ differential assessments on residents, rather than because
of the facility culture or management/organizational structure. In contrast, NH
staff’s assessments were influenced by both resident and facility characteristics.
Hence, the design of the QI validation study enabled us to separate the impact
of individual and facility characteristics on the quality of MDS pain data. It is
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important to note that one purpose of the QI validation study was to collect the
best-quality MDS data under realistic conditions. The implication is if we were
to implement a regular data quality audit in NHs, given the available resources
(e.g., inadequate protocols and limited financial resources), the data collected for
the purpose of audit might also be biased by resident characteristics. Yet such a
quality audit may still identify important provider-level factors that systemat-
ically bias QI calculation and QI comparisons.

Actually, in the comparison of the NH pain QI, ascertainment bias
related to resident characteristics may be partially corrected by adjusting for
resident characteristics, e.g., cognitive function or age, assuming that the ex-
istence and extent of such biases are ubiquitous in all the NHs. On the other
hand, the facility-related ascertainment bias is more serious, albeit less studied.
Our results suggest that the local environment, or culture, in the facility, e.g.,
administrative emphasis on data quality, paces of daily tasks being conducted,
available time nurses have to interact with residents, and interaction between
nurses and nurse assistants are important in causing the disparity in data
quality. At present, no simple adjustment strategy is available, or deemed
appropriate, to address facility-related ascertainment bias in the QI compar-
ison. More research is needed to address this problem. In the long run, to
obtain high-quality data from all NHs, strategies need to be developed to
minimize the impact of variation in NHs’ organizational structure and re-
sources on measurement acuity.

Third, we did not find a clear association between the pain QIs and the
direction of ascertainment bias. In Figure 2a, facilities with extremely low pain
QIs had a wide range of g’s, with a few more facilities at the negative end
suggesting pain was underdocumented by NH staff. The reverse was observed
in facilities with extremely high pain QI. In our study, the pain QI derived
from facility MDS can be a mixed result of both prevalence and care process of
pain in a facility, as well as measurement errors and sampling errors (i.e., small
random samples of residents per facility and random variation of QI over
time). It is difficult to attribute the extreme QIs to any one of the four reasons.
When interpreting QIs released by CMS, sampling errors and care process
may play a less important role than did in our study, since the QIs are often
derived from a larger sample over 3 months, and the facilities may have
stopped recording pain to justify analgesic use. Still it is necessary to collect
validation data to judge the validity of observed QIs.

Finally, although derived from the same MDS-derived pain scale, the
two dichotomized pain variables created with different cut-offs were found to
have different reliability and validity. Compared with that of ‘‘severe pain,’’
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the quality of ‘‘mild daily or worse pain’’ is not only better in the pooled
analysis, but also less subject to ascertainment bias with regard to NH and
resident characteristics. It is likely that raters may agree on the presence of
pain, but may assign different values of pain level based on raters’ experience
and/or expectation. Because QIs are always derived from dichotomized
variables (e.g., presence of a symptom or receipt of a medical procedure),
where the QI is dichotomized may have a significant impact on the validity of
QI comparison. In promulgating QIs one has to balance between clinical
meaningfulness and data quality.

According to the results of the multilevel models, the quality of MDS
documentation of pain on nonhospice residents is better in NHs with medium
or high levels of hospice use than in NHs with no or low hospice use. This
finding is compatible with what previous studies have suggested (Miller, Go-
zalo, and Mor 2000; Wu et al. 2003). We also found that the hospice spill over
effect is the strongest in NHs with medium hospice use and less strong in NHs
with high hospice use, indicating there could be different mechanisms at work
in these two types of NHs. We assume the hospice spill over effect results from
NH staff acquiring the knowledge and experience in detecting pain via their
collaboration with hospice staff. However, in NHs with high hospice use,
seriously dying residents may tend to be in one floor or wing of an NH, or the
division of care responsibility between hospice and NH staff may be so com-
plete that NH staff are not responsible for symptom detection or involved in
the assessment process. Hence, it may be that in NHs with high hospice use,
NH staff do not have as much opportunity to learn as in NHs with medium
hospice use to improve their ability to correctly measure pain.

In our study, on average, study nurses’ assessments were 13 days later
than facility MDS (SD 5 8, range: 0–30). The experience of pain in residents
could have varied and residents may have received pain interventions before
study nurses’ assessment. If hospice spill over effect manifests as better pain
management, then residents in NHs with higher hospice use would be more
likely to have received adequate medications if ‘‘severe pain’’ was detected.
These residents would also be less likely to be in ‘‘severe pain’’ subsequently
when study nurses assessed them for a second time. Hence, in our study some
FP errors may actually reflect appropriate pain management, and because of
this, we would overestimate the effect of NH hospice use on the likelihood of FP.

Limitations

By treating study nurses’ documentation as the gold standard, we assumed
their assessments reflected the real experience of pain in participating resi-
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dents. This may not be true. Although research nurses were strictly trained and
experienced, they were not as familiar with the pain behaviors in residents
with cognitive impairment as were NH nurses, and may have been less likely
to ‘‘catch’’ the pain episodes because of the time limited nature of these as-
sessments. Furthermore, our results showed that for residents with moderate
or severe cognitive impairment, there is less likelihood of rating disagreement
between NH and study nurses than for residents without cognitive impair-
ment——the regression coefficients for FP and FN are both negative in relation
to moderate or severe cognitive impairment (Table 3). This may be an in-
dication that study nurses may have filled out the MDS by consulting the same
source of information as NH staff. Thus, the documentation of pain on MDS
would be equally affected by these sources, and we would underestimate the
variation between raters. However, this fact would not substantially bias the
estimated impact of NH hospice use on data quality with the inclusion of
residents’ cognitive function (as a surrogate for study nurses’ reliance on
medical charts and care-givers when completing MDS) in the multilevel
models.

To calculate the hospice concentration, ideally we would have used
MDS and claims data of the year 2001, during which the QI validation study
was conducted. However, we only had access to the 2000 Medicare Claims
file. Studies have shown that NH hospice use is relatively stable over a short
period of time (Miller, Gozalo, and Mor 2000). To evaluate the stability of
hospice concentration in an NH over a 6-month period, we calculated and
compared hospice concentrations for the 178 NHs between January–June
2000 and July–December 2000. We found little difference and the Pearson
correlation between the pairs was very high (data not shown).

Implications

We need further studies on the impact of facility factors on the quality of MDS
data since, in this study, a significant amount of facility variation in data quality
remained unexplained. However, it is difficult and costly to have uniformly
trained research staff collect repeated measures in multiple sites and large-
scale studies are difficult to conduct by a single or a few research institutes. At
present, the government does not have a plan to regularly monitor the data
quality of MDS data. To ensure the integrity of QI comparisons, our results
suggest that CMS examine the possibility of instituting regular audits of MDS
data quality. We found great variation in the quality of MDS-derived ‘‘severe
pain’’ QI. Similar problems may exist for the QIs on pressure ulcers, incon-
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tinence and weight loss, mood, etc. Furthermore, ascertainment bias is not
unique to the NH setting. QIs are now used in numerous provider settings and
many of these indicators are derived from provider-collected data (Mor et al.
2003). Indeed, in some settings, nonstaff contractors are responsible for med-
ical chart abstraction. Although it is cautioned by CMS that the values of QIs
of a provider are only suggestive of poor or high quality of care, and thus,
warrant further investigation, not knowing the complicated technical barriers
and statistical complexity behind the numbers, consumers are likely to use the
QIs as the only source of information. Therefore, ensuring data integrity
through regular monitoring of data quality is important if QIs are to be a useful
quality screen for consumers.
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