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Drug related gastrointestinal (GI) and renal toxicity in indi-
viduals taking nonsteroidal antiinflammatory drugs
(NSAID) has been widely reported1-9. These adverse events

occur at higher frequency in individuals with predisposing
risk factors such as advanced age and in conjunction with
particular comorbidities and concomitant drug use.

To improve NSAID safety, physician groups such as the
American College of Rheumatology10, the American
College of Gastroenterology11, the National Kidney
Foundation12, and the Canadian Consensus Conference13,14

have promulgated quality of care guidelines. In hopes of
early detection of NSAID related toxicity, these guidelines
include recommendations for baseline and periodic labora-
tory testing such as serum creatinine and complete blood
counts (CBC). Table 1 shows similarities and differences in
NSAID toxicity monitoring and safety practices proposed
by different professional associations.

Despite these dissemination efforts, studies suggest that
these guidelines have done little to influence physician prac-
tices15,16. However, studies have either not been population
based or have not examined determinants of toxicity moni-
toring practices. Using a retrospective cohort of patients
from a large regional managed care organization (MCO), we
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ABSTRACT. Objective. Nonsteroidal antiinflammatory drug (NSAID) related gastrointestinal (GI) and renal
adverse events are commonly reported. Although published guidelines recommend periodic labora-
tory monitoring, NSAID safety practices of physicians have not been investigated at a population
level. We examined the associations of physician specialty and patient characteristics with NSAID
safety practices.
Methods. Using administrative data and medical record review from a regional managed care orga-
nization, we studied a retrospective cohort of 373 frequent NSAID users (≥ 3 consecutive NSAID
prescriptions and ≥ 1 month of continuous NSAID use and followup). NSAID safety measures
included: complete blood count (CBC) testing, creatinine testing, use of GI cytoprotective agents,
and lack of simultaneous prescriptions for different NSAID (NSAID overlap).
Results. The mean duration of cumulative NSAID use was 14.4 ± 7.7 months/patient, patient age
was 62.0 ± 11.4 years, and 63% were women. About two-thirds of patients received CBC (238,
63.8%) and creatinine monitoring (263, 70.5%), one-third (120, 32.2%) were prescribed cytopro-
tective agents, and one-fourth (97, 26%) had at least one NSAID overlap. After multivariable
adjustments, concomitant use of disease-modifying antirheumatic drugs (OR 2.5, 95% CI 1.1–5.8),
longer NSAID exposure (OR 1.3, 95% CI 1.1–1.4), and a greater number of physician visits/year
(OR 1.1, 95% CI 1.0–1.2) were significantly associated with receipt of a CBC. A history of hyper-
tension (OR 2.0, 95% CI 1.2–3.2), longer NSAID exposure (OR 1.3, 95% CI 1.2–1.4), and more
physician visits/year (OR 1.1, 95% CI 1.0–1.2) were significantly associated with serum creatinine
testing. Rheumatologists, and to a lesser extent internists, trended toward more NSAID toxicity
monitoring than family/general practitioners. However, family/general practitioners and internists
were more likely to monitor creatinine than rheumatologists among patients with renal risk factors.
Conclusion. While rheumatologists and internists trended toward more CBC and creatinine testing,
visit frequency, duration of NSAID use, and comorbidities were the factors most consistently asso-
ciated with safety monitoring. (J Rheumatol 2003;30:2680–8)
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analyzed patient and provider characteristics associated with
safe NSAID practices to better understand the daily deci-
sions made by physicians. Since variations in practice
patterns for musculoskeletal disorders are well docu-
mented17,18, we hypothesized that risk factors for NSAID
toxicity would be positively associated with NSAID moni-
toring and safety practices, and that rheumatologists would
be more likely to perform routine NSAID toxicity moni-
toring and safety practices than internists and family or
general practitioners.

MATERIALS AND METHODS
Data sources and data collection. With approval from the University of
Alabama at Birmingham Institutional Review Board, we identified NSAID
users with pharmacy benefits from a large regional MCO that is currently
Alabama’s largest MCO, with over 240,000 clients. This MCO currently
contracts with more than 80 hospitals in Alabama, with more than 4000
participating providers consisting of both primary care physicians (28%)
and specialists (72%). National drug codes were used to identify all NSAID
prescriptions from pharmacy claims. Study patients were restricted to
chronic NSAID users, defined as those receiving at least 3 consecutive non-
aspirin NSAID prescriptions from June 1998 to December 1999. To assess
provider factors, NSAID users were stratified by the specialty of their
prescribing physician. We focused on providers who were more likely to
care for chronic NSAID users (family or general practitioners, internists,
and rheumatologists) and we deliberately oversampled rheumatologists (all

of those in the MCO with the minimum number of eligible patients) to
address our hypothesis about different quality of care among providers. Out
of 2334 eligible patients using NSAID, 680 (29%) patients and their corre-
sponding 136 providers (5 patients per provider) were randomly selected.
To prevent the effect of patient disenrollment on the likelihood of toxicity
monitoring and other NSAID safety measures, only patients with at least
one month of NSAID use and followup by their physicians were included
in the final analysis.

Sociodemographic factors such as age, sex, and type of insurance
coverage, as well as provider information on physician specialty and
number of covered patients using NSAID in the sampling population, were
collected from administrative claims and provider databases. Pharmacy
claims data were only used to identify subjects. All analyses were based on
data from medical record review. Over-the-counter medication, such as
nonprescription NSAID and acetaminophen, were not considered in this
study.

Medical record abstraction process. Medical record review included all
chart documentation between June 1998 and April 2001. Trained nurse
abstractors used a customized version of the MedQuest software (devel-
oped by Fu and associates under contract from the Health Care Financing
Administration, website: http://www.fu.com/PRODUCTS.HTM) for chart
abstraction. Medical record abstractors achieved 97% interrater reliability
for all primary variables.

Detailed medical record review provided information on NSAID and
other medication use. Particular attention was devoted to medications that
might adversely interact with NSAID, that served as markers for potential
NSAID renal toxicity (diuretics, beta blockers, angiotensin-converting
enzyme inhibitors), or that were indicative of a predilection to NSAID GI

Table 1. Statements on NSAID and analgesic safety and monitoring recommendation.

Consensus Groups Informing Patients About Risk Alternative Approaches in NSAID Side Effect Monitoring Practices
Treated Patients at High GI Risk

American College of Cautious use of acetaminophen in patients Low dose prednisone, Nonacetylated GI: CBC at baseline and yearly
Rheumatology60-62 with existing liver disease and avoidance salicylate, COX-2 selective NSAID, Renal: creatinine at baseline; serial

in patients with history of chronic alcohol Nonselective NSAID with misoprostol measurement of creatinine may be required
abuse or PPI (weekly for at least 3 weeks in patients 

receiving concomitant ACE inhibitors or 
diuretics)

The Canadian Discuss safety with patients requiring COX-2 selective NSAID, Renal: baseline creatinine clearance and 
Consensus NSAID (including COX-2) Non-selective NSAID with electrolyte concentrations
Conferences13, 14 misoprostol or PPI
National Kidney Over-the-counter label warning of renal — Renal: monitor renal function in patients 
Foundation12 risks with preexisting volume disease or volume

depletion
North of England Discuss risk and side effects of NSAID Paracetamol, Low dose ibuprofen, —
Evidence Based with patients before treatment Co-codamol, Lower NSAID dose*
Guideline 
Developement 
Project63

US Preventive Discuss GI risk of aspirin in those taking — —
Services Task Force64 for coronary heart prophylaxis
International COX-2
Study Group65 — COX-2 selective or nonselective Renal: at-risk patients (preexisting cardiac, 

NSAID with misoprostol or PPI in renal, or hepatic disease) should be
users on low dose aspirin monitored (including COX-2)

American College of
Gastroenterology11 — Nonselective NSAID with misoprostol —

or PPI

NSAID: Nonsteroidal antiinflammatory drug, GI: gastrointestinal, PPI: proton-pump inhibitor, COX-2: Cyclooxygenase (COX-2) selective inhibitor, ACE:
angiotensin-converting enzyme. * No evidence of cost-effectiveness of NSAID plus GI prophylaxis in OA patients.
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toxicity (corticosteroids, coumadin, GI cytoprotective drugs, H2 blockers,
and proton-pump antagonists). A Charlson Comorbidity Index19 was also
computed for each patient. Hypertension, an important risk factor for
NSAID toxicity, which is not part of the Charlson index, was separately
examined in the analysis. Based on the results of prior investigations, GI
risk for NSAID toxicity was defined as having any of the following: age ≥
65 years; concomitant use of oral glucocorticoids or coumadin; or history
of GI bleeding, gastritis, or peptic ulcer2,3,20-25. Similarly, renal risk for
NSAID toxicity was defined as having any of the following: age ≥ 65;
concomitant use of angiotensin-converting enzyme inhibitors, diuretics,
beta blockers, or other hypertensives; or history of renal disease, hyperten-
sion, or diabetes7,9,26-28.

Intervals of NSAID use and cumulative use of NSAID were computed
for each patient. Each interval represented a period of uninterrupted
NSAID use during the followup period. One NSAID could have more than
one interval if the patient used the drug intermittently. Cumulative NSAID
use represented the sum of days in each NSAID interval subtracting the
overlap periods (when a patient was taking more than one NSAID).

To analyze NSAID toxicity monitoring we identified safety measures
based on published guidelines and recommendations10,12-14,29 and input
solicited from content experts specifically for this study. We focused on 4
potential safety measures that could be consistently identified from the
medical records: CBC testing, creatinine testing, concomitant use of GI
cytoprotective agents, and lack of NSAID overlap. Receipt of CBC and
creatinine were examined as the total number of tests performed and
dichotomously as at least one test performed during NSAID use or within
90 days before NSAID initiation.

Statistical analyses. Chi-square and one-way ANOVA or Student t tests
were used to describe categorical and continuous variables, respectively. To
seek evidence of confounding or effect modification of physician specialty
by the frequency of visits or the differential use of disease modifying
antirheumatic drugs (DMARD), we analyzed the association of CBC and
creatinine monitoring with patient’s physician specialty after stratifying the
data either by DMARD use (use vs non-use) or by the frequency of visits
(low and moderate tertiles vs highest tertile of visits per 12 months of
followup).

To determine predictors of NSAID toxicity monitoring, we performed
multivariable logistic regression analysis using model-building techniques
described by Hosmer and Lemeshow30. Generalized estimating equations31

were used to adjust for artificial inflation of statistical significance resulting
from patients being nested within physicians. Due to their clinical rele-
vance, all multivariable analyses were adjusted for age and sex. Other vari-
ables required a bivariate p value ≤ 0.25 to enter the models. Multivariable
model calibration and discrimination were evaluated using Hosmer-
Lemeshow goodness-of-fit statistic and the c-statistic, respectively32,33.
Data management, reduction, and analyses were conducted in Microsoft
Access (Microsoft Corp., Redmond, WA, USA), SAS (SAS Institute, Cary,
NC, USA), and SPSS (SPSS Inc., Chicago, IL, USA).

RESULTS
We requested 680 medical records (from 136 providers) and
received 452 records (66% response rate) from 103 physi-
cians (43 internists, 44 general and family practitioners, 16
rheumatologists; 76% physician response rate). There were
no significant differences in sex and age between patients
whose records were reviewed and those whose records were
not provided. Of the 452 NSAID users identified, 373 met
criteria of at least one month of both NSAID use and physi-
cian followup for this analysis. Comparing these 373
patients with the 79 patients that were excluded from the
current analysis due to less than one month of NSAID use or
followup, we found no differences for age, sex, and comor-

bidity (GI or renal risks and Charlson Comorbidity Index).
Patients seen by family or general practitioners were more
likely to have less than one month of NSAID use or
followup.

Characteristics of these 373 patients, stratified by physi-
cian type, are shown in Table 2. Patients seen by internists
and rheumatologists were older and more likely to have GI
risk factors compared to those seeing family or general prac-
titioners. Compared to internists and family or general prac-
titioners, rheumatologists were less likely to have patients
with hypertension, diabetes, and renal risk factors and had
patients with a lower Charlson Comorbidity Index. Patients
seen by family or general practitioners and internists took
more non-NSAID medications than patients seen by
rheumatologists, but as expected, those seen by rheumatol-
ogists were considerably more likely to take DMARD. Over
an average 21.7 ± 7.3-month observation period, mean
cumulative duration of NSAID use per patient was 14.4 ±
7.7 months. Patients seen by rheumatologists had a shorter
mean followup period and fewer visits per year than patients
seen by family or general practitioners and internists;
however, they had longer cumulative NSAID use duration
and more intervals of NSAID use.

About two-thirds of patients received CBC (238, 63.8%)
and creatinine monitoring (263, 70.5%); one-third (120,
32.2%) were prescribed cytoprotective agents and one-
fourth (97, 26%) had at least one NSAID overlap during the
followup period. Safety practices stratified by physician
specialty are shown in Table 3. Consistent with their greater
NSAID use, patients seen by rheumatologists received
significantly more CBC and creatinine tests (number of test
per year of NSAID use); however, there were no significant
differences for CBC and creatinine testing ever. About one-
fourth of patients in each physician specialty group received
at least one NSAID overlap prescription during the study
period. Internists were significantly more likely to prescribe
GI cytoprotective agents than rheumatologists and family or
general practitioners.

Safety monitoring practices according to patient GI or
renal risk is illustrated in Figure 1. Patients were more likely
to receive cytoprotective agents or creatinine testing if they
had GI or renal risk, respectively. CBC testing showed no
difference between patients with or without GI risk.

Referent to patients without renal risk factors, family and
general practitioners (OR 3.5, 95% CI 1.6–7.7) and
internists (OR 3.2, 95% CI 1.2–8.6) were more likely to
selectively test creatinine among patients with renal risk
factors (Figure 2A). There were no significant differences
within specialty classifications for CBC testing (Figure 2B).

Stratifying patients according to the frequency of their
physician visits, the pattern for CBC and creatinine moni-
toring testing showed that rheumatologists were more likely
to order CBC testing than general or family practitioners
and internists (OR 1.9, 95% CI 1.0–3.7) as well as creatinine
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testing (OR 2.1, 95% CI 1.0–4.3) in patients within the low
or moderate frequency of visits group (data not shown).
However, among patients in the high frequency of visits
group, the effect of specialty was not significant. Stratifying
by DMARD use, rheumatologists had a nonsignificant trend
to monitor more than general or family practitioners and
internists among patients who were not taking DMARD
(OR 1.3, 95% CI 0.6–2.7).

After multivariable adjustment for potential confounders,
use of DMARD, number of physician visits per year, and
duration of NSAID use remained significantly and posi-
tively associated with CBC monitoring (Table 4). The multi-
variable model was not improved by the addition of an

interaction term containing visit frequency by physician
type.

Table 5 shows the multivariable regression analyses
exploring patient and provider characteristics associated
with creatinine monitoring. History of hypertension, number
of physician visits per year, and duration of NSAID use
were positively associated with creatinine monitoring.
Rheumatologists trended toward higher creatinine testing
than internists and family or general practitioners. As with
CBC monitoring, the multivariable model was not improved
by the addition of an interaction term containing visit
frequency by physician type.

Additional multivariable analyses showed significant

Table 2. Patient characteristics and patterns of NSAID use by physician type.

Patient Characteristics General or Family Internist, n = 168 Rheumatologist, n = 65
Practitioner, n = 140

Demographics
Women, n (%) 87 (62.1) 104 (61.9) 44 (67.7)
Age, yrs, mean (SD)¶ 58.3 (12.8) 65.4 (9.4) 61.3 (10.4)

Comorbidities
GI disease, n (%)* 20 (14.3) 24 (14.3) 7 (10.8)
GI risk, n (%)†¶ 62 (44.3) 116 (69.0) 46 (70.8)
Congestive heart failure, n (%) 5 (3.6) 7 (4.2) 0
Hypertension, n (%)¶ 82 (58.6) 106 (63.1) 9 (13.8)
Diabetes, n (%)# 22 (15.7) 39 (23.2) 2 (3.1)
Renal risk, n (%)‡¶ 106 (75.7) 150 (89.3) 42 (64.6)
Charlson Comorbidity Index, mean (SD)¶ 1.5 (1.2) 1.9 (1.5) 1.1 (0.5)

Concomitant drug use
DMARD use, n (%)¶ 3 (2.1) 8 (4.8) 32 (49.2)
Cumulative medication count (excluding 14.5 (9.2) 16.2 (8.6) 9.0 (4.2)
NSAID), mean (SD)¶

Health care encounters
Duration of followup, mo, mean (SD)§ 21.08 (7.76) 22.81 (6.71) 20.18 (7.21)
Number of visits per year, mean (SD)¶ 6.70 (4.64) 5.61 (2.90) 4.42 (2.02)

NSAID use
NSAID duration, mo, mean (SD)§ 13.30 (7.64) 14.33 (7.81) 16.76 (7.34)
No. of NSAID intervals, mean (SD) 2.57 (1.43) 2.68 (1.44) 2.95 (1.61)

* Gastrointestinal (GI) disease includes: gastritis, GI bleeding, or peptic ulcer. † GI risk includes: age ≥ 65, concomitant use of oral glucocorticoids or
coumadin, or history of gastritis, GI bleeding, or peptic ulcer. ‡ Renal risk includes: age ≥ 65, concomitant use of angiotensin-converting enzyme inhibitors,
diuretics, beta blockers, or other hypertensives; history of renal disease, hypertension, or diabetes. § p < 0.05, # p < 0.01, ¶ p < 0.001.

Table 3. NSAID safety practices by physician type.

Safety Practice General or Family Internist, n = 168 Rheumatologist, n = 65
Practitioner, n = 140

n (%)
CBC testing ever* 85 (60.7) 105 (62.5) 48 (73.8)
Creatinine testing ever* 89 (63.6) 123 (73.2) 51 (78.5)
Cytoprotective agent use ever† 36 (25.7) 65 (38.7) 19 (29.2)
NSAID overlap ever 38 (27.1) 42 (25.0) 17 (26.2)

mean (SD)
No. of CBC tests per year of NSAID use‡ 0.65 (1.08) 0.68 (0.93) 2.12 (2.53)
No. of creatinine tests per year of 0.80 (1.21) 0.83 (1.01) 1.94 (2.10)
NSAID use‡

CBC: complete blood count. * Having at least one test done during NSAID use or within 90 days before start of
NSAID. † p < 0.05, ‡ p < 0.001 by chi-square trend or ANOVA.
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Figure 1. NSAID safety practices by patient gastrointestinal (GI) and renal risk status. GI risk
includes: age ≥ 65 years, concomitant use of oral glucocorticoids or coumadin, or history of
GI bleeding, gastritis, or peptic ulcer. Renal risk includes: age ≥ 65; concomitant use of
angiotensin-converting inhibitors, diuretics, beta-blockers, or other antihypertensive medica-
tion; history of renal disease, hypertension, or diabetes. CBC and creatinine monitoring refer
to having at least one test done during use of NSAID or within 90 days before starting NSAID.
Cytoprotection refers to receipt of cytoprotective medications (histamine-2 blockers, miso-
prostol, and proton-pump antagonists).

Figure 2. A. Proportion of patients with and without renal risk ever receiving a creatinine test, stratified by physician specialty. B. Proportion of patients with
and without gastrointestinal (GI) risk ever receiving a CBC test, stratified by physician specialty. Renal risk includes any of: age ≥ 65 years, concomitant use
of angiotensin-converting inhibitors, beta blocker, diuretics, or other antihypertensives, or history of renal disease, hypertension, or diabetes. GI risk includes
any of: age ≥ 65 years, concomitant use of oral glucocorticoids or coumadin, or history of GI bleeding, gastritis, or peptic ulcer. CBC and creatinine testing
includes at least one test performed during NSAID use or within 90 days before starting NSAID.
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positive associations of cytoprotective medication use with
history of GI disease (OR 4.5, 95% CI 2.4–8.72) and greater
number of concomitant drugs other than NSAID or cytopro-
tective agents (OR 1.1, 95% CI 1.0–1.1) (data not shown).

A greater number of physician visits per year (OR 1.1,
95% CI 1.1–1.2) and longer cumulative duration of NSAID
use (OR 1.2, 95% CI 1.1–1.4) were also determinants of
NSAID overlap (data not shown).

DISCUSSION
Roughly two-thirds of chronic NSAID users in a regional
managed care organization received CBC and creatinine
monitoring, one-third received cytoprotective agents, and
about one-fourth had at least one prescribed period of
NSAID overlap. Although high-risk users underwent more
safety testing, many chronic NSAID users never underwent

a CBC or creatinine test, did not receive cytoprotective
therapy, or had periods of NSAID overlap. The lack of
uniform agreement and supporting evidence for safety prac-
tices among NSAID toxicity precludes exact specification
of NSAID quality practices among health providers in our
study.

Notwithstanding, a number of expert panels have
endorsed baseline and/or periodic testing as well as use of
cytoprotective agents among patients who are at risk for
NSAID related adverse events. Our findings are noteworthy
and consistent with previous research showing limited
adherence of physicians to clinical guidelines for NSAID
use15,16 as well as for the management of other chronic
diseases34-40. Discordance with published guidelines has
been attributed to numerous barriers in physicians’ knowl-
edge, attitudes, and behaviors regarding those guide-

Table 4. Patient and provider characteristics associated with complete blood count (CBC) monitoring ever.

Variable Unadjusted OR 95% CI Adjusted OR* 95% CI

Age, yrs
18–49 1.0 Referent 1.0 Referent
50–64 0.7 0.3–1.4 0.6 0.2–1.4
65+ 1.1 0.5–2.2 0.8 0.3–2.0

Female sex 1.2 0.8–1.9 1.4 0.8–2.3
Concomitant use of DMARD 2.7 1.2–6.1 2.5 1.1–5.8
No. of physician visits per 12 observation months 1.1 1.0–1.1 1.1 1.0–1.2
Cumulative duration of NSAID exposure 1.2 1.1–1.3 1.3 1.1–1.4

(no. of trimesters)
Provider type

General of family practitioner 1.0 Referent 1.0 Referent
Internist 1.1 0.7–1.7 1.1 0.6–2.2
Rheumatologist 1.8 1.0–3.5 1.3 0.5–3.5

* Includes age, sex, and variables with univariate p < 0.25. c statistic = 0.7; Hosmer and Lemeshow goodness-
of-fit statistic, p = 0.1.

Table 5. Patient and provider characteristics associated with creatinine monitoring ever.

Variable Unadjusted OR 95% CI Adjusted OR* 95% CI

Age
18–49 1.0 Referent 1.0 Referent
50–64 1.7 0.9–3.4 1.1 0.5–2.4
65+ 2.6 1.3–5.3 1.4 0.6–3.4

Female sex 1.1 0.7–1.8 1.2 0.7–2.1
Concomitant use of DMARD 2.0 0.9–4.4 1.7 0.7–4.5
No. of other concomitant drugs 1.0 1.0–1.1 1.0 1.0–1.0
Hypertension 2.0 1.3–3.1 2.0 1.2–3.2
Charlson Comorbity Index 1.5 1.2–2.0 1.3 1.0–1.8
No. of physician visits per 12 observation months 1.0 0.9–1.1 1.1 1.0–1.2
Cumulative duration of NSAID exposure  1.3 1.2–1.4 1.3 1.2–1.4

(no. of trimesters)
Provider type

General or family practitioner 1.0 Referent 1.0 Referent
Internist 1.6 1.0–2.5 1.3 0.6–2.8
Rheumatologist 2.1 1.1–4.1 2.1 0.7–6.4

* Includes age, sex, and variables with univariate p < 0.25. c statistic = 0.7; Hosmer and Lemeshow goodness-
of-fit statistic, p = 0.7.
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lines34,39,41 or difficulties in interpreting or applying the
presented evidence in clinically and financially complicated
settings42 that may be different from those reported in the
guidelines43. More variation in the adherence to guidelines
may be expected when there is controversy or unclear indi-
cation of use35,36,41. It should be noted that adherence to
guidelines does not inherently lead to improved health
outcomes35,36,44.

In our study, visit frequency, duration of NSAID use, and
hypertension were the factors most consistently associated
with safety monitoring (CBC and creatinine testing) among
frequent NSAID users. DMARD receipt was also associated
with CBC monitoring and likely indicates the use of cother-
apies requiring periodic blood counts. Consistent with this
finding, patient comorbidity (e.g., hypertension, history of
GI bleeding) also appeared to appropriately influence crea-
tinine monitoring practices and the prescription of cytopro-
tective agents.

Although our results did not fully support the hypothesis
that rheumatologists would be more likely to monitor for
NSAID toxicity than internists and family or general practi-
tioners, rheumatologists trended toward performing more
CBC and creatinine monitoring than the other 2 types of
specialists. This trend may be partially explained by the fact
that although guidelines have a limited overall effect on
physicians’ practices, specialists tend to have higher confi-
dence in guidelines issued by their specialty organizations39.

Physicians who see their patients more frequently may be
more likely to prescribe drugs and order laboratory tests
than those who see their patients less45,46. A higher
frequency of physician visits may indicate a patient’s higher
morbidity, in turn, influencing physician ordering of moni-
toring tests. In contrast to the potentially beneficial associa-
tion of more testing with higher visit frequency, visit
frequency and duration of NSAID use were deleteriously
associated with the overlapping use of NSAID.

Physicians appeared more willing to monitor for NSAID
toxicity in patients with longer NSAID utilization. This
finding is consistent with the association of increased risks,
especially for renal disease, with extended duration of
NSAID use8. Patients with hypertension and other comor-
bidities have an enhanced susceptibility to NSAID induced
renal complications as well as those receiving combinations
of NSAID7,9. Physicians in our study were more likely to
obtain a creatinine test for these patients. Generalists and
internists were more selective in their test ordering among
these at-risk patients, and this is consistent with a previous
study47 involving this cohort in which family or general
practitioners, but not rheumatologists, were more likely to
selectively prescribe the newer coxibs over traditional
NSAID among their patients with GI disease history. This is
important because over 60% of patients with muscu-
loskeletal disorders are treated primarily by generalists48

and more than 20% of all encounters with primary care

providers are for musculoskeletal complaints49,50. This
finding suggests that generalists and internists may be more
sensitive to medical costs than various other specialists51,
particularly in lower-risk patients.

One limitation of our study is that we measured process
of care rather than patient outcomes. For some of these
process measures, such as CBC and creatinine testing, it is
unknown if identification of patients with abnormal results
on these laboratory tests actually leads to fewer adverse
outcomes. Moreover, clinical outcomes in chronic muscu-
loskeletal disorders evolve very slowly and may be more
dependent on the nature of the condition than on the specific
care rendered. Thus, when assessing health care quality in
chronic diseases, process indicators are often recommended,
particularly when comparing care provided by different
specialists52.

Although frequently used in studies of this type, data
from medical records have limitations. Medical record
review is potentially constrained by completeness and accu-
racy of information recorded53; therefore, our analysis may
partially reflect quality of documentation rather than quality
of care. This limitation is of importance when analyzing
NSAID overlap, which is very sensitive to medical record
documentation of medication start and stop dates; therefore,
particular caution is needed when interpreting this finding.
It should be noted, however, that results of laboratory tests
are usually reported in medical records, enhancing the accu-
racy of these analyses. In addition, medical records do not
provide accurate information on adherence to medical treat-
ment or on the magnitude of use of over-the-counter
medications54-57 as well as other important clinical informa-
tion (i.e., physical examination, review of systems)53,55-59.
While the abstraction process itself may be imperfect, the
high rate of interrater reliability among our medical record
abstractors suggests that this was not a major source of bias.
Finally, medical record review precludes addressing impor-
tant physician factors, such as attitudes toward guidelines.

Another limitation in this study is that the managed care
organization did not routinely collect racial or ethnic infor-
mation, and only about one-half of the medical records
documented this data. The patient selection requirement of a
minimum one-month period of NSAID use and followup
may have imposed a possible bias that overestimates physi-
cian adherence to the measured practices, since physicians
not intending to test may be less likely to request that their
patients return for followup. Given the manner in which our
sample was constructed and its restriction to one geograph-
ical area, our results may not be generalizable to other
groups of chronic NSAID users.

Despite these potential limitations, the data for this study
came from a large regional managed care organization,
which involved linked data from charts, pharmacy claims,
and administrative files. The random selection of patients
and high quality of medical record abstraction were also
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strengths of this study. Medical record review also allowed
extensive consideration of detailed patient factors.

Safety monitoring among chronic NSAID users was
more common among high-risk patients and varied across a
number of process of care measurements. Although rheuma-
tologists trended toward more monitoring, visit frequency,
more so than provider or patient factors, prominently influ-
enced NSAID safety practices. This study suggests a need to
see chronic NSAID users at least intermittently as a means
to trigger discussion and possible testing for potential
adverse effects. Assessing these patterns and predictors of
health care quality is the necessary first step in improving
quality of care for users of these extremely commonly
prescribed medications.
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