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OBJECTIVEdIn clinical trials, diet, exercise, and weight counseling led to short-term
improvements in blood glucose, blood pressure, and cholesterol levels in patients with diabetes.
However, little is known about the long-term effects of lifestyle counseling on patients with
diabetes in routine clinical settings.
RESEARCH DESIGN AND METHODSdThis retrospective cohort study of 30,897
patients with diabetes aimed to determine whether lifestyle counseling is associated with time
to A1C, blood pressure, and LDL cholesterol control in patients with diabetes. Patients were
included if they had at least 2 years of follow-up with primary care practices afﬁliated with two
teaching hospitals in eastern Massachusetts between 1 January 2000 and 1 January 2010.
RESULTSdComparing patients with face-to-face counseling rates of once or more per month
versus less than once per 6 months, median time to A1C ,7.0% was 3.5 versus 22.7 months,
time to blood pressure ,130/85 mmHg was 3.7 weeks versus 5.6 months, and time to LDL
cholesterol ,100 mg/dL was 3.5 versus 24.7 months, respectively (P , 0.0001 for all). In
multivariable analysis, one additional monthly face-to-face lifestyle counseling episode was associated with hazard ratios of 1.7 for A1C control (P , 0.0001), 1.3 for blood pressure control
(P , 0.0001), and 1.4 for LDL cholesterol control (P = 0.0013).
CONCLUSIONSd Lifestyle counseling in the primary care setting is strongly associated with
faster achievement of A1C, blood pressure, and LDL cholesterol control. These results conﬁrm
that the ﬁndings of controlled clinical trials are applicable to the routine care setting and provide
evidence to support current treatment guidelines.
Diabetes Care 35:334–341, 2012

D

iabetes is increasingly common in
the U.S. and worldwide (1,2). Elevated blood glucose, blood pressure,
and LDL cholesterol are associated with increased risk for micro- and macrovascular
complications, and their reduction decreases the risk (3–8). Nevertheless, most
patients with diabetes do not have A1C,
blood pressure, and LDL cholesterol under
control (9,10).
American and European guidelines
widely recommend diet, exercise, and

weight counseling with follow-up for
patients with diabetes (11,12). Many
short-term randomized clinical trials
have shown that intensive lifestyle counseling interventions of up to 1 year in duration can lead to lower blood glucose
(13–16) and blood pressure (17–21), but
long-term data on the efﬁcacy of lifestyle counseling are lacking (22–24). Furthermore, clinical trials typically involve
resource-intensive interventions that may
not be feasible in routine care, and the
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efﬁcacy of lifestyle counseling in everyday
clinical practice remains questionable
(25–27). Consequently, further evidence
is needed to establish that lifestyle counseling as practiced in routine care improves the outcomes of patients with
diabetes.
We therefore conducted a retrospective study of over 30,000 patients with
diabetes and hyperglycemia, hypertension, and/or hyperlipidemia who received
care in a primary care setting to test the
hypothesis that higher rates of lifestyle
counseling in routine care are associated
with better diabetes control.
RESEARCH DESIGN AND
METHODSdWe conducted a retrospective cohort study to determine the
optimal lifestyle counseling rate for patients with diabetes. We evaluated the
relationship between the average counseling rate and time to A1C, blood pressure,
and LDL cholesterol control.
Study cohort
Patients with diabetes seen by primary care
physicians (PCPs) afﬁliated with the Brigham
and Women’s Hospital (BWH) and
Massachusetts General Hospital (MGH) for
at least 2 years between 1 January 2000 and
1 January 2010 were identiﬁed. Patients
were included in the analysis if they were
at least 18 years old, had a documented diagnosis of diabetes or hemoglobin A1C
$7.0%, and at least one instance of A1C,
blood pressure, or LDL cholesterol above
treatment target. Patients with missing zip
codes were excluded to enable adjustment
for median household income by zip code.
This study was approved by the Partners HealthCare System institutional review board; the requirement for written
informed consent was waived.
Study measurements
A single uncontrolled period served as the
unit of analysis. We conducted four
analyses: one for each of the three treatment targets (A1C, blood pressure, and
LDL cholesterol) and a combined analysis
care.diabetesjournals.org
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that integrated all three. We used treatment
goals recommended at the beginning of the
study period: A1C ,7.0% (28), blood
pressure ,130/85 mmHg (28,29), and
LDL cholesterol ,100 mg/dL (28). For
analyses of individual treatment targets,
an uncontrolled period started on the day
when the relevant measurement (A1C,
blood pressure, or LDL cholesterol for hyperglycemic, hypertensive, and hyperlipidemic periods, respectively) was noted to
ﬁrst be above the treatment target. The period ended on the ﬁrst subsequent date
when the measurement fell below the target. As patients’ measures could ﬂuctuate
above and below target multiple times during the study period, one patient could
contribute more than one period to the
analysis. A combined uncontrolled period
started on the ﬁrst date when any of the
three measures was above the treatment
target and ended on the ﬁrst subsequent

date when all of the measures were below
their targets. Last known value was carried
forward if all measurements were not available on the same date.
The lowest measurement on a given
date was used in the analysis. Lowest blood
pressure was deﬁned as the blood pressure
measurement with the lowest mean arterial
pressure. Transient elevations were deﬁned
as periods that contained only a single
elevated measurement that subsequently
normalized without any medication intensiﬁcation and were excluded from the analysis. Uncontrolled periods without at least
one annual encounter with a BWH/MGH
PCP were excluded. Periods without any
medication information available in the
electronic medical record (EMR) were
excluded to enable inclusion of insulin
treatment as a confounder variable in the
analysis. Periods that contained multiple
encounters with an endocrinologist were

excluded to focus the analysis on the primary care setting. Finally, hyperglycemic
and hyperlipidemic periods where rate of
change of A1C and LDL cholesterol, respectively, was greater than 3 SD from the
mean were excluded to eliminate likely
measurement errors from the analysis.
Time to target for A1C, blood pressure, and
LDL cholesterol during the respective uncontrolled periods was the length of the
uncontrolled period. Lifestyle counseling
instances were deﬁned as distinct days
when a PCP provided diet, exercise, or
weight counseling during the uncontrolled
period. Documentation of lifestyle counseling was computationally abstracted
from the notes, including direct, such as
“strongly encouraged more walking,” and
inferred, for example “weight has gone
up,” instances of lifestyle counseling, as
previously described (30). We inferred
lifestyle counseling if the subject was

Table 1dPatient characteristics

n
Age (years)*
Women, n (%)
Race/ethnicity, n (%)
White
Black
Hispanic
Other†
English as the primary
language, n (%)
Health insurance, n (%)
Private
Medicare
Medicaid
None/unknown
Median income by zip
code ($1,000)
Number of uncontrolled
periods
Hemoglobin A1C (%)
Systolic blood pressure
(mmHg)
Diastolic blood pressure
(mmHg)
LDL cholesterol (mg/dL)
BMI (kg/m2), mean (SD, % patients
with measures)
Charlson comorbidity
index
Follow-up time (months)
Total time above treatment
target (months)

Hyperglycemic period
patients

Hyperlipidemic period
patients

Hypertensive period
patients

Combined uncontrolled
period patients

17,404
60.1 (13.8)
8,941 (51.4)

18,639
58.4 (13.4)
10,301 (55.3)

30,784
60.4 (13.9)
16,274 (52.9)

30,897
59.5 (14.1)
16,117 (52.2)

10,756 (61.8)
2,388 (13.7)
2,494 (14.3)
1,766 (10.1)

11,528 (61.9)
2,544 (13.7)
2,742 (14.7)
1,825 (9.8)

20,882 (67.8)
3,561 (11.6)
3,619 (11.8)
2,722 (8.8)

20,937 (67.8)
3,371 (10.9)
3,684 (11.9)
2,905 (9.4)

14,050 (80.7)

15,112 (81.1)

25,745 (83.6)

25,686 (83.1)

6,946 (39.9)
8,403 (48.3)
1,771 (10.2)
284 (1.6)

8,128 (43.6)
8,362 (44.9)
1,872 (10.0)
277 (1.5)

12,611 (41.0)
15,100 (49.1)
2,657 (8.6)
416 (1.4)

12,885 (41.7)
14,921 (48.3)
2,662 (8.6)
429 (1.4)

52.0 (20.8)

52.5 (21.4)

53.0 (20.6)

53.3 (20.7)

1.6 (0.9)
7.7 (1.2)

1.4 (0.7)

3.7 (2.9)

2.3 (1.9)
7.2 (1.3)

130.5 (10.0)

129.5 (10.6)

74.7 (6.7)
32.8
(7.4, 63.2%)

108.7 (23.2)
32.6
(7.2, 67.2%)

32.6
(7.3, 66.3%)

74.4 (6.8)
99.2 (27.5)
32.4
(7.2, 65.1%)

6.2 (4.6)
80.9 (28.2)

5.5 (4.5)
83.3 (28.1)

5.6 (4.5)
75.8 (29.5)

5.4 (4.5)
74.8 (29.4)

35.4 (30.0)

37.1 (28.2)

31.2 (24.7)

52.4 (33.6)

Data are mean (SD), unless otherwise indicated. *Age calculated at the start date of the ﬁrst uncontrolled period. †Includes unknown.
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referred to in a way that made it likely that
it was discussed with the patient (e.g., not
simply weight recorded in the vital signs
section). The natural language processing
software was previously validated and
had a sensitivity and speciﬁcity that
ranged between 91–97 and 88–94%, respectively. Weight counseling was limited to periods when the patient had
BMI $30 kg/m2. 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. To capture both face-to-face and remote interactions between patients and
providers, we deﬁned any note in the EMR
as an encounter and any direct or inferred
mention of lifestyle counseling in the
notes as lifestyle counseling. Dates on
which billing data included Current Procedural Terminology codes for evaluation
and management were considered faceto-face lifestyle counseling encounters,
whereas all other instances of lifestyle
counseling were considered remote. Average lifestyle counseling rate was calculated
by dividing the number of instances of lifestyle counseling by the period length. In
our analyses, we categorized counseling
rates as once or more per month, as less
than once per month and once or more per
6 months, and as less than once per 6
months. Mean encounter interval was determined by dividing the period length by
the number of encounters with PCPs during that period. Medication intensiﬁcation
was deﬁned as initiation of a new or an increase in the dose of an existing medication
(31). Medication intensiﬁcation rate was
deﬁned as the number of unique dates
per month on which at least one medication in the relevant class was intensiﬁed.
The patient’s PCP was deﬁned as the physician in a primary care practice who had
the most encounters with the patient during the uncontrolled period.
Demographic information, weight,
height, blood pressure measurements,
and medication and laboratory data
were obtained from the EMR at Partners
HealthCaredan integrated health care delivery network in eastern Massachusetts
that includes BWH and MGH.
Statistical analysis
Summary statistics were constructed by
using frequencies and proportions for categorical data and using means, SDs, medians, and ranges for continuous variables.
Log-rank test was used to compare times to

A1C, blood pressure, and LDL cholesterol
targets between different counseling rates.
Marginal Cox proportional-hazards
model for clustered data (32) was used to
estimate the association between time to
target and lifestyle counseling rate while
accounting for clustering within patientprovider pairs. Two models were run:
one with an overall lifestyle counseling
rate and one with separate rates for faceto-face and remote lifestyle counseling.
The models also adjusted for demographic
confounders (age, sex, race, primary language, health insurance, and median income by zip code) as well as a patient’s
Charlson comorbidity index (33) for the
period of the study, insulin administration
as a marker of severity of disease (in hyperglycemic and combined uncontrolled
periods), PCP encounter frequency,

medication intensiﬁcation rate, presence
of obesity during the period, A1C and
LDL cholesterol measurement rate and
maximum A1C, systolic blood pressure, diastolic blood pressure, and LDL cholesterol
(where appropriate). P values were obtained using a type III test.
All analyses were performed with SAS
statistical software, version 9.2 (SAS Institute, Inc., Cary, NC).
RESULTSdWe identiﬁed 37,863 adults
with diabetes who were regularly seen by
BWH or MGH PCPs and had experienced
at least one hyperglycemic, hypertensive,
or hyperlipidemic period (Supplementary
Fig.). We excluded 6,702 hyperglycemic,
5,760 hypertensive, and 6,428 hyperlipidemic patients because of treatment by
endocrinologists; no PCP at BWH or MGH;

Table 2dUncontrolled period characteristics

Hyperglycemic Hyperlipidemic Hypertensive
periods
periods
periods

Combined
uncontrolled
periods

Study periods, n
26,984
26,893
112,716
72,532
Period length (months)
22.8 (24.9)
25.7 (25.0)
8.5 (11.7)
22.3 (28.2)
Average initial hemoglobin
A1C (%)
8.1 (1.4)
Average initial LDL cholesterol
(mg/dL)
126.8 (25.4)
Average initial systolic blood
pressure (mmHg)
140.0 (12.8)
Average initial diastolic blood
pressure (mmHg)
78.1 (10.7)
Average maximum
hemoglobin A1C (%)
8.7 (1.9)
7.8 (2.0)
Average maximum LDL
cholesterol (mg/dL)
136.6 (30.5)
111.2 (40.4)
Average maximum systolic
blood pressure (mmHg)
148.4 (17.4) 149.3 (19.6)
Average maximum diastolic
blood pressure (mmHg)
83.8 (10.5)
84.9 (10.9)
Periods where treatment target
18,526
20,903
108,737
52,109
was reached, n (%)
(68.7)
(77.8)
(92.1)
(71.9)
Rate of medication
intensiﬁcation per month
0.09 (0.14)
0.06 (0.12) 0.22 (1.1)
0.17 (0.84)
Rate of measure testing per
month
0.23 (0.14)
0.17 (0.17)
1.0 (1.6)
Rate of face-to-face lifestyle
counseling per month
0.24 (0.26)
0.20 (0.23) 0.36 (0.97)
0.24 (0.74)
Rate of remote lifestyle
counseling per month
0.12 (0.20)
0.09 (0.18) 0.20 (0.69)
0.18 (0.60)
Encounter interval (months)
1.9 (1.7)
2.3 (1.9)
1.5 (1.5)
1.9 (1.8)
Periods with patients on
insulin, n (%)
7,194 (26.7)
13,646 (18.8)
Periods with patients who are
obese, n (%)
15,469 (57.3) 15,608 (58.0) 63,837 (56.6) 39,483 (54.4)
Data are mean (SD), unless otherwise indicated.

336

DIABETES CARE, VOLUME 35, FEBRUARY 2012

care.diabetesjournals.org

Morrison, Shubina, and Turchin
no medication records; only transient elevations in A1C, blood pressure, and LDL
cholesterol; suspected A1C or LDL cholesterol measurement errors; and missing
demographic information. The remaining
17,404 hyperglycemic, 30,784 hypertensive, and 18,639 hyperlipidemic patients (a
total of 30,897 unique individuals) were
included in the study.
Study patients (Table 1) did not have
their A1C, blood pressure, or LDL cholesterol under control 71.3% of the time, and
66% of patients never achieved full control
during the study period. Their mean initial
A1C, blood pressure, and LDL cholesterol at the beginning of the respective

uncontrolled periods was 8.1%, 140/78
mmHg, and 126.8 mg/dL (Table 2). Subsequently median times to reach treatment
targets ranged from 19 weeks (for hypertensive patients) to over 16 months (for
hyperlipidemic patients). Hyperglycemic
patients had A1C above target a mean of
46.5% of the time, hypertensive patients
had uncontrolled blood pressure 42.0% of
the time, and hyperlipidemic patients had
elevated LDL cholesterol 46.7% of the
time.
Median face-to-face lifestyle counseling
rates ranged from once every 5.3 months
for hyperglycemic periods to once every 8
months for hypertensive periods, whereas

median remote lifestyle counseling rates
ranged from once every 25 months for hyperglycemic periods to never for hypertensive periods (Table 2). Mean times between
patient encounters with a PCP were 1.9
months when hyperglycemic, 1.5 months
when hypertensive, and 2.3 months when
hyperlipidemic. During hyperglycemic periods, A1C testing occurred on average just
over once every 4 months, blood pressure
was measured once every month during
hypertensive periods, and LDL cholesterol
was measured once every 6 months during
hyperlipidemic periods. Antihyperglycemic medications were intensiﬁed on average just over once every 11 months,

Figure 1dLifestyle counseling frequency and time to treatment target. Kaplan-Meier curves for time to treatment target from ﬁrst elevated A1C,
blood pressure, or LDL cholesterol were plotted for different average counseling rates. Distinct uncontrolled periods (from the ﬁrst elevated to the
ﬁrst normal measurement) for the same patient were analyzed separately. A: Lifestyle counseling frequency and time to A1C target. B: Lifestyle
counseling frequency and time to blood pressure target. C: Lifestyle counseling frequency and time to LDL cholesterol target. D: Lifestyle counseling
frequency and time to combined target. DBP, diastolic blood pressure; LDL, LDL cholesterol; SBP, systolic blood pressure.
care.diabetesjournals.org
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antihypertensive medications once every
4.5 months, and antihyperlipidemic medications almost once every 17 months.
Overall, patients with at least one of the
measurements above target had their
treatment intensiﬁed on average once every 6 months.
Lifestyle counseling rate and time
to treatment target achievement
In all treatment categories, time to treatment
target rose progressively at the less frequent
rates of lifestyle counseling (Fig. 1). Compared with patients with mean face-to-face
counseling rate of once or more per month,
median times to A1C target for patients
whose mean counseling rates were between
once per 1–6 months and less than once
per 6 months were 3.5 months (95% CI
3.2–3.7) vs. 14.0 (13.6–14.5) vs. 22.7
(21.8–23.5); time to blood pressure target
was 3.7 weeks (3.6–3.7) vs. 5.1 months
(5.1–5.2) vs. 5.6 (5.5–5.7) months and
time to LDL cholesterol target was 3.5
months (3.0–3.8) vs. 15.6 (15.2–16.0) vs.
24.7 (24.1–25.4), respectively. For all
treatment targets combined, median time
to target was 3.9 (3.7–4.0) weeks vs. 13.5
months (13.0–13.9) vs. 13.1 (12.9–13.5)
with mean face-to-face counseling rates of
once or more per month versus once per
1–6 months versus less than once per 6
months.
As counseling rates decreased, the
proportion of patients who never reached
treatment targets rose steadily. Comparing
patients with mean face-to-face counseling
rates of once or more per month to between once per 1–6 months and less than
once per 6 months, uncontrolled periods
that never reached treatment target increased from 11.0 to 28 to 35.9% for hyperglycemic patients, from 5.63 to 7.2 to
8.86% for hypertensive patients, and from
15.6 to 18.2 to 25.8% for hyperlipidemic
patients. For all treatment targets combined, the proportion of uncontrolled
periods that never achieved all targets
was 9.3% for counseling rates of once or
more per month versus 26.0% for counseling rates between once per 1–6 months
versus 30.5% for counseling rates of less
than once per 6 months.
In multivariable Cox proportional
hazards models adjusted for demographic
characteristics, presence of obesity during
the uncontrolled period, Charlson comorbidity index, insulin administration
(in hyperglycemic and combined uncontrolled periods), maximum A1C, systolic
blood pressure, diastolic blood pressure,
and LDL cholesterol (where relevant), rate
338
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Table 3dEffects of patient and treatment characteristics on time to treatment target

Hazard
ratio
Hyperglycemic periods
Normalized maximum A1C, per 1% increase
Normalized age, per 1-year increase
Female
Non–English speaker
Caucasian
Black
Hispanic
Asian
Other/unknown
Income, per $1,000 increase
Nonprivate insurance
On insulin
PCP encounter interval, log(months)
Obesity during period
Charlson comorbidity index
Rate of A1C testing, per month
Rate of antihyperglycemic medication intensiﬁcation,
per month
Rate of face-to-face lifestyle counseling, per month
Rate of remote lifestyle counseling, per month
Hypertensive periods
Normalized maximum systolic blood pressure, per 1mmHg increase
Normalized maximum diastolic blood pressure, per 1mmHg increase
Normalized age, per 1-year increase
Female
Non–English speaker
Caucasian
Black
Hispanic
Asian
Other/unknown
Income, per $1,000 increase
Nonprivate insurance
PCP encounter interval, log(months)
Obesity during period
Charlson comorbidity index
Rate of antihypertensive medication intensiﬁcation,
per month
Rate of face-to-face lifestyle counseling, per month
Rate of remote lifestyle counseling, per month
Hyperlipidemic periods
Normalized maximum LDL cholesterol, per 1-mg/dL
increase
Normalized age, per 1-year increase
Female
Non–English speaker
Caucasian
Black
Hispanic
Asian
Other/unknown

95%
Conﬁdence
limits

P value
(x2)

0.539
0.993
0.881
0.990
1.000
1.115
1.099
1.019
0.987
0.999
0.965
0.630
0.803
0.887
1.016
29.812

0.528
0.991
0.851
0.936

0.550 ,0.0001
0.994 ,0.0001
0.911 ,0.0001
1.046
0.7098

1.061
1.028
0.934
0.919
0.999
0.926
0.602
0.770
0.856
1.011
19.482

1.171
1.174
1.112
1.061
1.000
1.005
0.659
0.837
0.920
1.020
45.620

2.727
1.705
1.699

2.156
1.422
1.488

3.450 ,0.0001
2.044 ,0.0001
1.941 ,0.0001

0.968

0.968

0.969 ,0.0001

0.975
0.995
0.938
1.035
1.000
1.150
1.108
1.175
1.049
1.000
0.997
0.302
0.895
1.009

0.974
0.994
0.921
1.006

0.976 ,0.0001
0.996 ,0.0001
0.954 ,0.0001
1.065
0.0179

1.121
1.072
1.120
1.010
1.000
0.977
0.298
0.879
1.007

1.180
1.144
1.233
1.090
1.000
1.018
0.308
0.910
1.012

1.625
1.267
1.022

1.568
1.235
0.981

1.685 ,0.0001
1.301 ,0.0001
1.064
0.2933

0.974
1.007
0.885
1.088
1.000
1.088
1.142
1.150
1.057

0.972
1.005
0.856
1.034

0.975 ,0.0001
1.008 ,0.0001
0.916 ,0.0001
1.144
0.0012

1.037
1.077
1.062
0.968

1.140
0.0005
1.210 ,0.0001
1.245
0.0006
1.153
0.2151

,0.0001
0.0058
0.6658
0.7310
0.1831
0.0853
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

,0.0001
,0.0001
,0.0001
0.0128
0.9251
0.7828
,0.0001
,0.0001
,0.0001
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Table 3dContinued

Hazard
ratio
Income, per $1,000 increase
Nonprivate insurance
PCP encounter interval, log(months)
Obesity during period
Charlson comorbidity index
Rate of LDL cholesterol testing, per month
Rate of antihyperlipidemic medication
intensiﬁcation, per month
Rate of face-to-face lifestyle counseling, per month
Rate of remote lifestyle counseling, per month
Combined uncontrolled periods
Normalized maximum A1C, per 1% increase
Normalized maximum systolic blood pressure,
per 1-mmHg increase
Normalized maximum diastolic blood pressure,
per 1-mmHg increase
Normalized maximum LDL cholesterol,
per 1-mg/dL increase
Normalized age, per 1-year increase
Female
Non–English speaker
Caucasian
Black
Hispanic
Asian
Other/unknown
Income, per $1,000 increase
Nonprivate insurance
On insulin
PCP encounter interval, log(months)
Obesity during period
Charlson comorbidity index
Rate of A1C testing, per month
Rate of LDL cholesterol testing, per month
Rate of antihyperglycemic medication intensiﬁcation,
per month
Rate of antihypertensive medication intensiﬁcation,
per month
Rate of antihyperlipidemic medication intensiﬁcation,
per month
Rate of face-to-face lifestyle counseling, per month
Rate of remote lifestyle counseling, per month

of A1C and LDL cholesterol measurement
(where relevant), visit frequency, and
medication intensiﬁcation, one additional
episode of face-to-face lifestyle counseling
per month was associated with hazard
ratios of 1.7 for A1C control (P , 0.0001)
(Table 3), 1.3 for blood pressure control
(P , 0.0001), and 1.4 for LDL cholesterol
control (P = 0.0013). In multivariable
analysis of combined uncontrolled periods, an increase of one face-to-face lifestyle counseling instance per month was
care.diabetesjournals.org

95%
Conﬁdence
limits

P value
(x2)

1.001
0.992
0.720
0.888
1.009
257.64

1.000
0.952
0.691
0.847
1.005
114.99

1.002
1.032
0.750
0.932
1.013
577.26

0.0834
0.6808
,0.0001
,0.0001
,0.0001
,0.0001

3.600
1.403
1.215

1.950
1.141
1.054

6.644 ,0.0001
1.726
0.0013
1.400
0.0073

0.675

0.667

0.683 ,0.0001

0.979

0.979

0.980 ,0.0001

0.978

0.976

0.979 ,0.0001

0.983
0.997
0.919
1.037
1.000
1.252
1.187
1.160
1.060
1.002
1.011
0.894
0.726
0.962
1.037
1.113
1.160

0.983
0.996
0.899
0.997

0.984 ,0.0001
0.998 ,0.0001
0.940 ,0.0001
1.078
0.0693

1.208
1.133
1.088
1.009
1.001
0.985
0.866
0.719
0.941
1.034
1.069
1.122

1.298
1.244
1.238
1.114
1.002
1.037
0.923
0.734
0.984
1.040
1.159
1.200

,0.0001
,0.0001
,0.0001
0.0204
,0.0001
0.4155
,0.0001
,0.0001
0.0007
,0.0001
,0.0001
,0.0001

1.480

1.205

1.817

0.0002

1.255

1.192

1.321 ,0.0001

0.955
1.937
1.615

0.902
1.836
1.560

1.010
0.1045
2.044 ,0.0001
1.673 ,0.0001

associated with a hazard ratio of 1.9 for
achieving control of all treatment targets
(P , 0.0001). For most measures, remote
lifestyle counseling rates were also associated with faster time to target, but hazard
ratios were smaller than those for face-toface lifestyle counseling. A combined faceto-face and remote lifestyle counseling rate
analysis was also conducted; results for
this multivariable analysis are provided
in Supplementary Appendix A.

CONCLUSIONSdIn this large, retrospective study, we have demonstrated a
strong association between lifestyle counseling and glucose, blood pressure, and
LDL cholesterol control in patients with
diabetes. This association was independent of other treatment processes that
could colocalize with lifestyle counseling,
including frequency of patient-provider
encounters, medication intensiﬁcation,
and rates of A1C or LDL cholesterol measurement.
Several clinical trials have previously
documented the beneﬁt of lifestyle counseling on control of glucose (13–16) and
blood pressure (17–21), but many providers question whether results of expensive
and tightly controlled clinical trials apply to
their practice. This study provides evidence
for the efﬁcacy of lifestyle counseling as
practiced in routine patient care and lends
support to the current treatment guidelines
for patients with diabetes.
Few clinical trials of lifestyle counseling had follow-up longer than 12 months
(21); this study, with an average length of
follow-up time per patient of almost 7
years, provides evidence for long-term effects of lifestyle counseling. This is particularly important because some studies
suggest that effects of intensive diet and
exercise interventions may not be durable
(24,34,35). Our ﬁndings suggest that, on
the contrary, persistent lifestyle counseling
has lasting effects. Our results conﬁrmed
that intensive counseling is needed to achieve
beneﬁts: the effects of lifestyle counseling
were particularly pronounced in patients
who were counseled at least once a month.
Studies have shown that lifestyle counseling in the U.S. remains inadequate
(36–39). Despite the focus on lifestyle
changes in many treatment guidelines,
one study showed no difference in prevalence of exercise counseling in a sample
of the U.S. population in 2002 compared
with 1995 (39). Further education of physicians on the importance of lifestyle counseling and its positive impact on patient
behavior and health outcomes may be necessary. Physicians may provide more counseling to underserved populations if made
aware that patients with lower income,
lower education level, who are male (37)
and non–English speaking (38) receive lifestyle counseling at lower rates, compared
with other equally high-risk patients.
Lifestyle counseling is time consuming.
Therefore, implementation of current
guidelines may require modiﬁcation of the
prevalent physician-patient treatment care
model. One option may be to increase the
DIABETES CARE, VOLUME 35, FEBRUARY 2012
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role of midlevel providers, such as nurse
practitioners, physician assistants, nutritionists, or exercise physiologists. Another
option may be to implement group counseling sessions in order to more efﬁciently
educate and address patients’ concerns.
This study used advanced computational technology that permitted costand time-efﬁcient analysis of thousands
of patient records, including examination
of hundreds of thousands of narrative
provider notes in a matter of hours. In the
future, similar technologies could also be
used to monitor quality of patient care
and/or supply feedback to providers.
Our study had several limitations.
The software we used to identify documentation of lifestyle counseling did not
provide details on the speciﬁc counseling
approach or the type of diet or exercise
recommended to the patient. However,
little evidence exists for superiority of any
one approach over the others (24,26). It
is therefore likely that multiple different
counseling techniques can be successful,
and speciﬁc type of counseling should be
chosen in accordance with the particular
patient and clinical circumstances. Information on the extent to which counseling
followed a structured format (e.g., 5As)
was not obtained because it is frequently
absent in narrative documentation (40).
The software we used did not distinguish
between lifestyle counseling aimed to address hyperglycemia, hypertension, and
hyperlipidemia severally, which may
have led to an overestimate of lifestyle
counseling rates associated with any one
uncontrolled period. However, this lack of
speciﬁcity should have biased our ﬁndings
toward the null hypothesis. In our analysis, we did not analyze individual effects
of diet, exercise, and weight counseling.
However, their effects are likely overlapping
because both diet and exercise, for example, can lead to weight loss. Furthermore,
the best approach to counseling may differ depending on the individual patient
and their readiness to change, rendering
any statement about relative efﬁcacy of
different counseling types moot. We
therefore chose to combine all lifestyle
counseling into a single measure to avoid
this type of confounding. The retrospective nature of this study does not allow us
to make causal inferences about the relationship between counseling rates and
time to glucose, blood pressure, and LDL
cholesterol control in patients with diabetes. It could also have led to an analytical
bias. For example, when lifestyle counseling is sparse, shorter uncontrolled periods
340
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are more likely to have had no counseling
episodes. However, this bias would have
predisposed against the strong inverse association between lifestyle counseling and
the length of uncontrolled periods that we
have found. Furthermore, most uncontrolled periods in our study were substantially longer than the average observed rate
of lifestyle counseling, making an artifactual association between lifestyle counseling
rate and the length of uncontrolled period
unlikely. Additionally, we were unable to
distinguish between patients with type 1
and type 2 diabetes; however, the majority
of patients in this population have type 2
diabetes, so our ﬁndings may not be applicable to patients with type 1 diabetes.
In summary, this large long-term retrospective study found that lifestyle counseling is associated with faster achievement
of A1C, blood pressure, and LDL cholesterol control in routine patient care, consistent with ﬁndings of randomized
controlled studies. Monthly lifestyle counseling was associated with a particularly
strong effect and could be recommended
for patients at particularly high risk of complications from uncontrolled diabetes. Interventional studies are needed to further
establish optimal type and frequency of
lifestyle counseling and its effects on the
micro- and macrovascular complications
of diabetes.
AcknowledgmentsdThis study was supported
in part by grants from the Agency for Healthcare Research and Quality (5R18HS017030), the
National Library of Medicine (5RC1LM010460),
and the Diabetes Action Research and Education
Foundation.
No potential conﬂicts of interest relevant to
the article were reported.
F.M. conducted data analysis and drafted the
manuscript. M.S. assisted in study design, provided biostatistical support, and critically reviewed the manuscript. A.T. designed the study,
obtained funding, and critically reviewed the
manuscript. F.M. is the guarantor of this work
and, as such, had full access to all the data in the
study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.
Parts of this study were presented in poster
form at the 71st Scientiﬁc Sessions of the
American Diabetes Association, San Diego,
California, 24–28 June 2011.

References
1. Cowie CC, Rust KF, Byrd-Holt DD, et al.
Prevalence of diabetes and high risk for
diabetes using A1C criteria in the U.S.
population in 1988-2006. Diabetes Care
2010;33:562–568

2. Wild S, Roglic G, Green A, Sicree R, King H.
Global prevalence of diabetes: estimates for
the year 2000 and projections for 2030.
Diabetes Care 2004;27:1047–1053
3. The Diabetes Control and Complications
Trial Research Group. The effect of intensive
treatment of diabetes on the development
and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl J Med 1993;329:977–986
4. Nathan DM, Cleary PA, Backlund JY,
et al.; Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/
EDIC) Study Research Group. Intensive
diabetes treatment and cardiovascular
disease in patients with type 1 diabetes. N
Engl J Med 2005;353:2643–2653
5. UK Prospective Diabetes Study (UKPDS)
Group. Intensive blood-glucose control
with sulphonylureas or insulin compared
with conventional treatment and risk of
complications in patients with type 2 diabetes (UKPDS 33). Lancet 1998;352:
837–853
6. Goldberg RB, Mellies MJ, Sacks FM, et al.;
The Care Investigators. Cardiovascular
events and their reduction with pravastatin
in diabetic and glucose-intolerant myocardial infarction survivors with average
cholesterol levels: subgroup analyses in
the cholesterol and recurrent events
(CARE) trial. Circulation 1998;98:2513–
2519
7. Py
orälä K, Pedersen TR, Kjekshus J,
Faergeman O, Olsson AG, Thorgeirsson
G. Cholesterol lowering with simvastatin
improves prognosis of diabetic patients
with coronary heart disease. A subgroup
analysis of the Scandinavian Simvastatin
Survival Study (4S). Diabetes Care 1997;
20:614–620
8. UK Prospective Diabetes Study Group.
Tight blood pressure control and risk of
macrovascular and microvascular complications in type 2 diabetes: UKPDS 38.
BMJ 1998;317:703–713
9. Resnick HE, Foster GL, Bardsley J, Ratner
RE. Achievement of American Diabetes
Association clinical practice recommendations among U.S. adults with diabetes,
1999-2002: the National Health and Nutrition Examination Survey. Diabetes Care
2006;29:531–537
10. Ong KL, Cheung BM, Wong LY, Wat NM,
Tan KC, Lam KS. Prevalence, treatment,
and control of diagnosed diabetes in the
U.S. National Health and Nutrition Examination Survey 1999-2004. Ann Epidemiol 2008;18:222–229
11. Nathan DM, Buse JB, Davidson MB, et al.
Management of hyperglycemia in type 2
diabetes: A consensus algorithm for the
initiation and adjustment of therapy:
a consensus statement from the American
Diabetes Association and the European
Association for the Study of Diabetes. Diabetes Care 2006;29:1963–1972
care.diabetesjournals.org

Morrison, Shubina, and Turchin
12. American Diabetes Association. Standards
of medical care in diabetesd2010. Diabetes Care 2010;33(Suppl. 1):S11–S61
13. Boden G, Sargrad K, Homko C, Mozzoli
M, Stein TP. Effect of a low-carbohydrate
diet on appetite, blood glucose levels, and
insulin resistance in obese patients with
type 2 diabetes. Ann Intern Med 2005;
142:403–411
14. Anderson JW, Kendall CW, Jenkins DJ.
Importance of weight management in
type 2 diabetes: review with meta-analysis
of clinical studies. J Am Coll Nutr 2003;
22:331–339
15. Hughes TA, Gwynne JT, Switzer BR,
Herbst C, White G. Effects of caloric restriction and weight loss on glycemic
control, insulin release and resistance, and
atherosclerotic risk in obese patients with
type II diabetes mellitus. Am J Med 1984;
77:7–17
16. Uusitupa M, Laitinen J, Siitonen O,
Vanninen E, Pyörälä K. The maintenance
of improved metabolic control after intensiﬁed diet therapy in recent type 2 diabetes. Diabetes Res Clin Pract 1993;19:
227–238
17. Appel LJ, Champagne CM, Harsha DW,
et al.; Writing Group of the PREMIER
Collaborative Research Group. Effects of
comprehensive lifestyle modiﬁcation on
blood pressure control: main results of the
PREMIER clinical trial. JAMA 2003;289:
2083–2093
18. The Trials of Hypertension Prevention
Collaborative Research Group. Effects of
weight loss and sodium reduction intervention on blood pressure and hypertension incidence in overweight people
with high-normal blood pressure. The
Trials of Hypertension Prevention, phase II.
Arch Intern Med 1997;157:657–667
19. Sacks FM, Svetkey LP, Vollmer WM, et al.;
DASH-Sodium Collaborative Research
Group. Effects on blood pressure of reduced dietary sodium and the Dietary Approaches to Stop Hypertension (DASH)
diet. N Engl J Med 2001;344:3–10

care.diabetesjournals.org

20. Blumenthal JA, Babyak MA, Hinderliter
A, et al. Effects of the DASH diet alone
and in combination with exercise and
weight loss on blood pressure and cardiovascular biomarkers in men and women
with high blood pressure: the ENCORE
study. Arch Intern Med 2010;170:126–135
21. He J, Whelton PK, Appel LJ, Charleston J,
Klag MJ. Long-term effects of weight loss
and dietary sodium reduction on incidence
of hypertension. Hypertension 2000;35:
544–549
22. van de Laar FA, Akkermans RP, van
Binsbergen JJ. Limited evidence for effects
of diet for type 2 diabetes from systematic
reviews. Eur J Clin Nutr 2007;61:929–937
23. Sacks FM, Campos H. Dietary therapy in
hypertension. N Engl J Med 2010;362:
2102–2112
24. Nield L, Moore HJ, Hooper L, et al. Dietary
advice for treatment of type 2 diabetes
mellitus in adults. Cochrane Database Syst
Rev 2007;3:CD004097
25. West KM. Diet therapy of diabetes: an
analysis of failure. Ann Intern Med 1973;
79:425–434
26. Sawyer L, Gale EA. Diet, delusion and
diabetes. Diabetologia 2009;52:1–7
27. Hooper L, Bartlett C, Davey SG, Ebrahim S.
Advice to reduce dietary salt for prevention
of cardiovascular disease. Cochrane Database Syst Rev 2004;1:CD003656
28. American Diabetes Association. Standards
of medical care for patients with diabetes
mellitus. Diabetes Care 2000;23(Suppl.
1):S32–S42
29. The sixth report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.
Arch Intern Med 1997;157:2413–2446
30. Turchin A, Goldberg SI, Breydo E, Shubina
M, Einbinder JS. Copy/paste documentation
of lifestyle counseling and glycemic control
in patients with diabetes: true to form? Arch
Intern Med 2011;171:1393–1394
31. Turchin A, Shubina M, Chodos AH,
Einbinder JS, Pendergrass ML. Effect of
board certiﬁcation on antihypertensive

32.
33.

34.

35.

36.

37.

38.

39.

40.

treatment intensiﬁcation in patients with
diabetes mellitus. Circulation 2008;117:
623–628
Lin DY. Cox regression analysis of multivariate failure time data: the marginal approach. Stat Med 1994;13:2233–2247
Deyo RA, Cherkin DC, Ciol MA.
Adapting a clinical comorbidity index for
use with ICD-9-CM administrative databases. J Clin Epidemiol 1992;45:613–619
Turner RC, Cull CA, Frighi V, Holman RR;
UK Prospective Diabetes Study (UKPDS)
Group. Glycemic control with diet, sulfonylurea, metformin, or insulin in patients
with type 2 diabetes mellitus: progressive
requirement for multiple therapies (UKPDS
49). JAMA 1999;281:2005–2012
Kirk A, Mutrie N, MacIntyre P, Fisher M.
Effects of a 12-month physical activity
counselling intervention on glycaemic
control and on the status of cardiovascular
risk factors in people with Type 2 diabetes. Diabetologia 2004;47:821–832
Huang J, Yu H, Marin E, Brock S, Carden
D, Davis T. Physicians’ weight loss counseling in two public hospital primary care
clinics. Acad Med 2004;79:156–161
Galuska DA, Will JC, Serdula MK, Ford
ES. Are health care professionals advising
obese patients to lose weight? JAMA 1999;
282:1576–1578
Lopez-Quintero C, Berry EM, Neumark Y.
Limited English proﬁciency is a barrier to
receipt of advice about physical activity
and diet among Hispanics with chronic
diseases in the United States. J Am Diet
Assoc 2010;110(Suppl.):S62–S67
Morrato EH, Hill JO, Wyatt HR,
Ghushchyan V, Sullivan PW. Are health
care professionals advising patients with
diabetes or at risk for developing diabetes
to exercise more? Diabetes Care 2006;29:
543–548
Hazlehurst B, Sittig DF, Stevens VJ, et al.
Natural language processing in the electronic medical record: assessing clinician
adherence to tobacco treatment guidelines. Am J Prev Med 2005;29:434–439

DIABETES CARE, VOLUME 35, FEBRUARY 2012

341

