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OBJECTIVE

To establish quantitative characteristics of lifestyle counseling documentation
associated with improved glycemic control in patients with diabetes.
RESEARCH DESIGN AND METHODS

We retrospectively studied 10,870 hyperglycemic (HbA1c ‡7.0% [53 mmol/mol])
adults with diabetes followed at primary care practices afﬁliated with two
academic hospitals between 2000 and 2010. Documentation intensity was
represented by the mean number of characters per note documenting lifestyle
counseling. Heterogeneity was calculated as the normalized Levenshtein distance between lifestyle counseling sentences between consecutive notes. Cox
proportional hazards model was constructed to assess association of heterogeneity and intensity of lifestyle counseling documentation to time to HbA1c
<7.0% (53 mmol/mol) while adjusting for demographics, initial HbA1c level,
insulin therapy, medication intensiﬁcation, and frequency of lifestyle
counseling.
RESULTS

Comparing patients in the highest versus lowest tertile by documentation heterogeneity and documentation intensity, median time to HbA1c <7.0% (53 mmol/mol)
was 26 vs. 39 months and 24 vs. 39 months, respectively (P < 0.001 for all). In
multivariable analysis, an increase of documentation heterogeneity by 0.15 units
and an increase of documentation intensity by 45 characters/note was associated
with hazard ratios of 1.08 (95% CI 1.04–1.12; P < 0.001) and 1.27 (95% CI 1.23–1.31;
P < 0.001) for time to HbA1c target, respectively.
CONCLUSIONS

Higher heterogeneity and intensity of lifestyle counseling documentation in provider notes were associated with better glycemic control. Further studies involving direct observation of patient care are needed to establish the nature of the
relationship between documentation characteristics and patient outcomes.
The prevalence of diabetes is rapidly increasing in the U.S. and worldwide (1–3).
Chronic hyperglycemia is associated with increased risk of microvascular and macrovascular complications, and maintaining glycemic levels as close to nondiabetic
range as possible can substantially reduce the risk (4–6). Nevertheless, a large
number of patients with diabetes do not reach target glycemic levels recommended
by treatment guidelines (7–9).
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Randomized controlled trials have demonstrated beneﬁcial effects of lifestyle interventions on glycemic control (10–12).
Recent studies provide strong evidence
that lifestyle counseling in routine care settings is associated with improved glycemic
control, conﬁrming the ﬁndings of clinical
trials (13). However, evidence also suggests that lifestyle counseling practices in
routine care settings are often less than
optimal (14–16).
Federal incentives for meaningful use
of certiﬁed electronic medical record
(EMR) technology helped introduce a
wide array of electronic measures of
quality of medical care (17–19). Most
of the proposed electronic measures
(eMeasures) of lifestyle counseling provided to patients, however, focus on binary measures of the presence or
absence of counseling during encounters rather than measures of counseling
quality or effectiveness (20–22). This is
in part because documentation characteristics of effective lifestyle counseling
are not known.
The aim of this study was to establish
quantitative characteristics of documentation of lifestyle counseling that
are associated with improved glycemic
control in patients with diabetes, using a
previously validated natural language
processing system that enables abstraction of lifestyle counseling documentation from narrative electronic provider
notes (23). Previously published studies
indicated that, unlike original records,
copy-pasted documentation of lifestyle
counseling was not associated with
faster achievement of blood glucose
control in patients with diabetes (23).
It is also known that more intensive lifestyle counseling where patients are
given detailed instructions on speciﬁc
diet and exercise changes is more effective than less intensive methods (24–26).
Based upon these ﬁndings, we hypothesized that more heterogeneous documentation of lifestyle counseling (where
copy-paste documentation represents
the lowest form of heterogeneity) and
more intensive documentation of lifestyle
counseling (which may be a reﬂection of
more intensive counseling) are both associated with better patient outcomes. In
order to test this hypothesis, we developed quantitative measures of heterogeneity and intensity of lifestyle counseling
documentation in narrative electronic
provider notes.
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RESEARCH DESIGN AND METHODS
Design

We conducted a retrospective cohort
study to determine whether quantitative
characteristics of narrative electronic documentation of lifestyle counseling are associated with blood glucose control in
patients with diabetes. We evaluated the
relationship between two quantitative
measures of documentation characteristics, documentation heterogeneity and
documentation intensity, and time to
HbA1c control.
Study Cohort

Adult patients with diabetes followed by
primary care physicians (PCPs) afﬁliated
with Brigham and Women’s Hospital
(BWH) and Massachusetts General Hospital (MGH) between 1 January 2000
and 1 January 2010 were studied. Patients were included in the analysis if
they were at least 18 years old, had a
documented diagnosis of diabetes (“diabetes” on the EMR problem list) or
HbA1c of at least 7.0% (53 mmol/mol),
and had been followed for at least 2 years
during the 10-year study period. Patients
without at least one annual encounter
with a PCP afﬁliated with BWH or MGH
were excluded to eliminate those who
were not actively treated in these practices. Patients with missing zip codes were
excluded to enable adjustment for median household income by zip code. Demographic information, weight, height,
and medication and laboratory data
were obtained from the EMR at Partners
HealthCare, an integrated health care delivery network in eastern Massachusetts
that includes BWH and MGH. During the
study period, none of the study practices
had a program that encouraged a particular type of lifestyle counseling or monitored lifestyle counseling delivered by
providers. The EMR system had a number
of decision support features but did not
include any decision support for lifestyle
counseling.
This study was approved by the Partners HealthCare System institutional review board, and the requirement for
written informed consent was waived.
Study Measurements

A single “hyperglycemic” period served
as the unit of analysis. A hyperglycemic
period started at the ﬁrst available
HbA 1c measurement of 7.0% (53
mmol/mol) or greater and ended at

the ﬁrst HbA 1c measurement ,7.0%
(53 mmol/mol) or at the end of the
study period if HbA 1c never reached
treatment target (27). Time to HbA1c
control was deﬁned as the length of
the hyperglycemic period. Each patient
may have contributed multiple hyperglycemic periods if HbA 1c measurements ﬂuctuated above and below the
target level during the study period.
Hyperglycemic periods without any
medication information available in the
EMR were excluded to enable inclusion
of insulin treatment as a confounder
variable in the analysis. The medication
information was based upon EMR prescription records. We excluded patients
with two or more visits to an endocrinologist in order to focus our analyses
on the primary care setting, where the
large majority of patients with diabetes
are treated. Periods in which the rate of
change of HbA1c was .3 SD from the
mean were excluded to eliminate likely
measurement errors. Transient elevations of HbA1c were deﬁned as periods
that contained only a single elevated
measurement followed by a fall below
the target level at the next measurement with no interceding antihyperglycemic medication intensiﬁcation, and
these periods were excluded from the
analysis. Medication intensiﬁcation
rate was deﬁned as the mean monthly
number of episodes of antihyperglycemic medication intensiﬁcation, indicated by initiation of a new medication
or an increase in the dose of an existing
medication. Medication intensiﬁcation
was abstracted from a combination of
structured medication records and computational analysis of narrative provider
notes as previously described (28). Frequency of lifestyle counseling was calculated as the mean monthly number of
encounters during the hyperglycemic
period in which a PCP documented
diet, exercise, or weight loss counseling.
The large majority, but not all, of the
notes were generated by PCPs, some of
whom were staff physicians and others
were trainees. While we were unable to
distinguish between notes by PCPs versus notes by nonphysician clinicians including dietitians, there were very few
advanced practice providers in BWH/
MGH at the time when the data used
in the study were collected.
Natural language processing is a technology that enables rapid extraction of
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speciﬁc clinical information through
computational analysis of clinical narratives. In the current study, sentences
dedicated to documenting lifestyle
counseling were automatically extracted from narrative EMR notes using
previously validated natural language
processing software. The software identiﬁed three categories of lifestyle counseling: diet counseling, exercise counseling,
and weight loss counseling, with a sensitivity and speciﬁcity that ranged between 91 and 97% and 88 and 94%,
respectively (23).
Documentation heterogeneity was
calculated for two consecutive notes
with documented lifestyle counseling
as the Levenshtein distance between
the relevant sentences, normalized by
the length of the longer sentence. The
Levenshtein distance between two
strings is a metric that represents how
similar the two strings are and is deﬁned
as the minimum number of editing operations needed to transform one string
into the other (29). Examples of Levenshtein distance calculation are illustrated in Supplementary Figs. 1 and 2.
In order to quantify the heterogeneity of
lifestyle counseling documentation, we
applied this concept to the note level.
(A detailed description of the algorithm
can be found in the Supplementary
Data.) Sample data and calculation results of documentation heterogeneity
can be found in Supplementary Fig. 3.
We empirically found that longer sentences frequently were composed of
multiple sentences without separating
punctuation and therefore did not
provide a good representation of lifestyle counseling documentation heterogeneity. We therefore excluded
sentences longer than 100 characters
in calculating documentation heterogeneity. Since it has been shown that copied documentation of lifestyle counseling
is not associated with improvement in
glucose control (23), we excluded hyperglycemic periods in which the lifestyle
counseling documentation consisted
entirely of copied/duplicate sentences.
If the normalized Levenshtein distance
is zero, this means that the relevant
sentences being compared are all
identical, indicating that the lifestyle
counseling documentation consisted
entirely of copied sentences throughout the hyperglycemic period. We
therefore excluded hyperglycemic
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periods whose normalized Levenshtein
distance equaled to zero.
By measuring “heterogeneity” of documentation, we aimed at quantifying the
textual diversity of the documentation
between consecutive lifestyle counseling
notes. When lifestyle counseling episodes
are documented using similar or identical
sentences between consecutive counseling episodes, such hyperglycemic periods
would be characterized to have low documentation heterogeneity. Copy-pasted
documentation of lifestyle counseling
would represent an extreme form of
low heterogeneity. On the other hand,
when the sentences used to document
counseling episodes are more dissimilar
to one another between consecutive
notes, such hyperglycemic periods would
be characterized to have high documentation heterogeneity.
Documentation intensity was calculated as the mean number of characters
per note dedicated to documenting lifestyle counseling. Although it was possible to calculate the documentation
intensity for the hyperglycemic periods
for which documentation heterogeneity
was incalculable (i.e., periods with only
one note with documented lifestyle
counseling per counseling category),
we used the same set of hyperglycemic
periods for both predictor variables in
our analyses in order to assess relative
contributions of documentation heterogeneity and documentation intensity.
Statistical Analysis

Summary statistics were conducted by
using frequencies and proportions for
categorical data and using means, SDs,
and medians for continuous variables. In
univariate analyses, hyperglycemic periods were grouped into tertiles by each
predictor variable for ease of interpretation. The log-rank test was used to compare Kaplan-Meier cumulative incidence
curves for time to HbA1c target between
the tertile groups. Marginal Cox proportional hazards regression model for clustered data (29) was used to estimate the
association between time to HbA1c control and documentation characteristics
while accounting for clustering within individual patients and adjusting for demographic confounders (age, sex, race/
ethnicity, primary language, health insurance, and median income by zip code),
Charlson comorbidity index, presence of
obesity (deﬁned as documented BMI

$30 kg/m2) during the period, frequency
of encounters with documented lifestyle
counseling, frequency of medication intensiﬁcation, frequency of HbA1c measurement, and the HbA1c level at the
start of the hyperglycemic period. When
adjusting for clustering within individual
providers, the patient’s PCP was deﬁned
as the physician in a primary care practice
who contributed the highest number of
notes used for calculation of documentation characteristics during the hyperglycemic period.
P values were adjusted for multiple
hypothesis testing using the SimesHochberg method (30,31). All the analyses were performed using SAS, version
9.3 (SAS Institute, Cary, NC).
RESULTS

We identiﬁed 23,821 adults with diabetes followed by BWH- or MGH-afﬁliated
PCPs for at least 2 years over the study
period (Fig. 1). After exclusion of patients without regular PCP follow-up,
with missing income information by zip
code, regularly treated by endocrinologists, with no medication records, with
suspected HbA1c measurement errors,
with only transient elevations in HbA1c,
and patients for whom lifestyle counseling documentation metrics could not be
calculated, the remaining 10,870 patients, who contributed to a total of
13,594 hyperglycemic periods, were included in the study.
Study patients did not have their
HbA 1c under control over a mean of
50% of total follow-up time. Their
mean initial HbA1c level at the beginning
of hyperglycemic period was 8.3%
(Table 1). The included hyperglycemic
periods had a median length of 32
months. Lifestyle counseling was documented at a mean rate of once in every
3.3 months. The mean rate of HbA 1c
testing was once in 3.6 months. In
∼40% of the hyperglycemic periods, patients never achieved target HbA1c level
during the study period (Table 2).
A total of 183,611 sentences describing lifestyle counseling from 92,671 provider notes were analyzed to calculate
the heterogeneity and intensity of lifestyle counseling documentation. The
mean documentation heterogeneity,
represented by the normalized Levenshtein distance, was 0.69. The mean
documentation intensity was 91 characters per note.
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Figure 1—Exclusion criteria and numbers of patients excluded.

Time to achievement of target HbA1c
level decreased progressively both with
increasing heterogeneity and with increasing intensity of lifestyle counseling
documentation (Fig. 2). Compared with
hyperglycemic periods in the highest
tertile by documentation heterogeneity
and intensity, median time to HbA1c
control in the lowest tertile by documentation heterogeneity and intensity
was 26 vs. 39 months and 24 vs. 39
months, respectively (P , 0.001 for all).
In multivariable Cox proportional hazards models adjusted for the patients’
demographic characteristics, presence
of obesity during the period, Charlson
comorbidity index, treatment with insulin, HbA1c level at the start of the period,
frequency of HbA1c measurement, lifestyle counseling frequency, frequency of

medication intensiﬁcation, and clustering within individual patients, 1-SD (0.15
units) increase in documentation heterogeneity, and 1-SD (45 characters
per note) increase in documentation intensity were associated with hazard ratios of 1.08 (95% CI 1.04–1.12; P ,
0.001) and 1.27 (95% CI 1.23–1.31; P ,
0.001) for time to HbA1c control, respectively (Table 3). The notes evaluated in
the analyses were generated by 1,155
providers. The relationship of documentation heterogeneity and intensity with
time to HbA1c control did not change
substantially when the multivariable
analysis was adjusted for clustering
within individual providers (Supplementary Table 1).
We also conducted a sensitivity analysis that included previously excluded

hyperglycemic periods (no income information, no medication information,
treatment by endocrinologists, and
only transient elevations of HbA 1c ),
where provider age and sex were included as additional covariates. The
data set included 19,562 hyperglycemic
periods contributed by 14,863 unique
patients. The results showed that neither provider characteristic had a significant relationship with time to HbA1c
target (P = 0.08 and P = 0.51 for provider
age and sex, respectively), and the relationship of documentation heterogeneity and intensity with time to HbA1c
control did not substantially change
(Supplementary Table 1). Among the patients included in the analyses, 9,766 of
10,870 (90%) had diagnosed diabetes.
We have conducted a sensitivity analysis
limited to the patients with diagnosed
diabetes, which did not substantially
change the results (Supplementary
Table 1). To evaluate whether there
was variability in results over time, we
performed a sensitivity analysis for two
separate data sets obtained by splitting
the original data set into halves by a cutoff date (hyperglycemic period start
date of 31 December 2004), which did
not substantially change the results
(Supplementary Table 1). An additional
multivariable analysis was conducted to
evaluate the potential interactions between obesity versus documentation
heterogeneity and documentation intensity. The results showed that obesity
was not an effect modiﬁer of either of
the documentation characteristics in
their association with time to HbA1c control (P = 0.96 and P = 0.45 for documentation heterogeneity and documentation
intensity, respectively). Lastly, for evaluation of the possibility that the
documentation characteristics reﬂect
processes other than lifestyle counseling affecting time to HbA1c control, correlation analyses were conducted to
assess the relationship between frequency of medication intensiﬁcation
and each predictor variable. The results
showed only limited correlations between these variables (Pearson correlation coefﬁcient 0.027 for documentation
heterogeneity and 0.030 for documentation intensity).
CONCLUSIONS

In this large, long-term retrospective
study, we identiﬁed novel quantitative
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Table 1—Descriptive statistics of study patients’ demographic and clinical
characteristics
N
10,870
Age, mean (SD), yearsa

59.3 (13.5)

Women, n (%)

5,635 (51.8)

Race/ethnicity, n (%)
White
Black
Hispanic
Asian
Otherb
English as the primary language, n (%)

6,447 (59.3)
1,576 (14.5)
1,772 (16.3)
370 (3.4)
705 (6.5)
8,623 (79.3)

Health insurance, n (%)
Private
Medicare
Medicaid
None/unknown

4,336 (39.9)
5,162 (47.5)
1,183 (10.9)
189 (1.7)

Median income by zip code, mean (SD), $1000s

50.5 (19.5)

No. of hyperglycemic periods, mean (SD)

1.3 (0.6)

HbA1c, mean (SD), %; mmol/mol

8.3 (1.7); 67 (13.7)

Charlson comorbidity index, mean (SD)

6.4 (4.6)

Follow-up time, mean (SD), months
Total time above treatment target, mean (SD), months
a

82.2 (30.6)
41.5 (30.7)

Age calculated at the start date of the ﬁrst hyperglycemic period. bIncludes unknown.

characteristics of electronic documentation of lifestyle counseling that are
associated with improved glycemic
control in patients with diabetes. To
our knowledge, this is the ﬁrst study to
describe an association between metrics
of documentation characteristics and
patient outcomes through a large-scale
quantitative analysis of narrative EMR
data.
While the retrospective nature of this
study does not allow us to establish a
direct causal relationship, there are several plausible explanations for the
associations between the metrics of

documentation characteristics and patients’ glycemic control. For example, intensity of documentation of lifestyle
counseling could reﬂect the extent of
the counseling provided. Providers
who spend more time counseling the
patient and provide more detailed instructions may also document the counseling episode in greater detail, the
extent of which could be represented
by documentation intensity. Documentation heterogeneity, on the other hand,
could reﬂect the degree of the variety of
advice or the amount of new information content of counseling between

Table 2—Descriptive statistics of hyperglycemic period characteristics
N
13,594
Period length, mean (SD), months

33.2 (28.1)

Initial HbA1c, mean (SD), %; mmol/mol

8.3 (1.6); 67 (12.9)

Maximum HbA1c, mean (SD), %; mmol/mol

9.4 (2.0); 79 (16.8)

Periods where treatment target was reached, n (%)
Rate of HbA1c measurement per month21, mean (SD)

8,300 (61.1)
0.28 (0.16)

Rate of lifestyle counseling per month21, mean (SD)

0.30 (0.24)

Rate of medication intensiﬁcation per month21, mean (SD)

0.10 (0.13)

Periods with patients receiving insulin, n (%)

4,118 (30.3)

Periods with patients who are obese (BMI $30 kg/m2), n (%)

7,549 (55.5)

Documentation heterogeneity, mean (SD)a

0.69 (0.15)

Documentation intensity, mean (SD), characters/note
a

91 (45)

Documentation heterogeneity represented by the normalized Levenshtein distance.

different provider-patient encounters.
Trying a different diet or exercise approach after the previous one did not
work, for example, may represent an
effective lifestyle counseling strategy.
The reverse dose-response relationship
between documentation heterogeneity
and time to HbA1c control is consistent
with the previously published ﬁndings
that copy-pasted documentation of lifestyle counseling was not associated
with improvements in blood glucose
control (23).
The metrics we studied could be
utilized in several ways. They could be
used, for example, to identify healthcare
providers who may be less skilled in the
complicated art of lifestyle counseling
and could beneﬁt from additional training. They could also be used to identify
the most skilled providers who might be
best able to deliver effective lifestyle
counseling for particularly complicated
patients. On the other hand, the metrics
would likely be less useful for direct feedback to providers, in part because of the
risk of “documenting to the metric.”
A key challenge in leveraging information from EMRs to its full capacity is the
predominance of unstructured data in
clinical documentation (32). This study
showcases the power that EMRs combined with advanced technologies,
such as natural language processing,
bring to measurement of quality of
care. Meaningful Use and other federal
programs are rapidly expanding adoption of eMeasuresdquality measures
that are computed using EMRs data
(33). Our study shows that it is possible
to push the horizons of e-quality measurement even further, beyond structured clinical and administrative data,
to take advantage of the wealth of information in the narrative electronic
documents. The tools and approaches
we developed can potentially be used
in other health care settings to identify
documentation characteristics that may
reﬂect the underlying quality of care.
The results of this study need to be
interpreted in the light of its limitations.
Approximately half of the patients who
met the initial inclusion criteria had to
be excluded from the primary analyses.
This could potentially lead to a bias if the
relationship between documentation
characteristics and time to HbA1c control was markedly different in the patient population excluded from the
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Figure 2—Kaplan-Meier curves for documentation characteristics and time to HbA1c control. A: Documentation heterogeneity and time to HbA1c
target. (*Documentation heterogeneity represented by the normalized Levenshtein distance.) B: Documentation intensity and time to HbA1c target
(P , 0.001 by log-rank test for all).

analyses. Since calculation of documentation heterogeneity by deﬁnition
required two or more notes with documented lifestyle counseling, documentation heterogeneity would not be
applicable in case a patient receives
only one episode of lifestyle counseling.
We excluded the hyperglycemic periods

in which lifestyle counseling documentation consisted entirely of copied/
duplicate sentences, as inclusion of
these hyperglycemic periods would
likely confound the study results. We
were unable to distinguish between patients with type 1 versus type 2 diabetes. The majority of patients in the study

Table 3—Hazard ratios for associations between documentation characteristics
and time to HbA1c controla
Variable
Female sex
White race (vs. all nonwhites)
English speaker
Income, per $1,000 increase

Hazard ratio
(95% CI)

Pb

0.92 (0.87–0.98)
0.97 (0.92–1.04)

0.005
0.40

1.02 (0.95–1.09)

0.57

0.998 (0.997–1.00)

0.03

Government insurance

0.98 (0.92–1.04)

0.41

Insulin treatment

0.38 (0.35–0.41)

,0.001

Obesity during period

0.99 (0.92–1.05)

0.69

Charlson comorbidity index

1.01 (1.00–1.02)

,0.001

Rate of HbA1c testing, per 3 months21

3.58 (2.94–4.35)

,0.001

Rate of medication intensiﬁcation, per month21
Rate of lifestyle counseling, per month21

3.39 (2.19–5.26)
7.70 (5.93–10.00)

,0.001
,0.001

HbA1c level at start of period, per 1% increase

0.85 (0.83–0.86)

,0.001

Age, per 10-year increase

1.07 (1.04–1.10)

,0.001

Documentation heterogeneity, per 1-SD increase
(0.15 units)c

1.06 (1.04–1.12)

,0.001

Documentation intensity, per 1-SD increase
(45 characters/note)

1.27 (1.23–1.31)

,0.001

Data are hazard ratios as estimated by multivariable Cox regression model adjusted for patient
and treatment characteristics. aValues are reported as hazard ratios for reaching an HbA1c value
,7.0%. bP values ,0.001 are signiﬁcant when adjusted for multiple hypothesis testing using the
Simes-Hochberg method. cDocumentation heterogeneity measured as the normalized
Levenshtein distance.

population had type 2 diabetes, so our
ﬁndings may not be applicable to patients with type 1 diabetes. Another limitation is that we were unable to
distinguish between notes by PCPs and
notes by nonphysician clinicians. There
were very few nonphysician clinicians at
BWH/MGH at the time when the data
used in the study were collected, so there
was little team-based care. Further studies are needed to evaluate whether our
ﬁndings would be applicable when a
larger portion of notes are generated by
nonphysician clinicians. The accuracy of
the natural language processing software
was not perfect, although the sensitivity
and speciﬁcity of the software were very
high. This study was conducted at two
academic hospitals in eastern Massachusetts, and this could limit the generalizability of the study results to other
practice settings. Lastly, the retrospective nature of this study does not allow
us to make causal inferences in the associations that we have found.
In conclusion, this large, long-term
retrospective study identiﬁed novel
quantitative characteristics of electronic
documentation of lifestyle counseling
that are associated with improved glycemic control in patients with diabetes.
Both higher heterogeneity and higher
intensity of lifestyle counseling documentation in narrative provider notes
were associated with faster achievement
of target HbA1c levels. Further studies involving direct observation of patient care
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are needed to establish the nature of the
relationship between documentation
characteristics and patient outcomes.
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