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ABSTRACT

Objective: This study aims to determine the relationship between the
duration of persistent poor glycemic control in type 1 diabetes mellitus
(T1DM) children and the likelihood of subsequent improvement.

Methods: A retrospective cohort study was conducted on T1DM
patients aged 6-18 years, followed for at least six visits at Children’s
National Medical Center (Washington, DC) with at least one
hemoglobin Alc (HbA1c) >10% after the first year since the initial visit
(n=151). Medical records of patients with subsequently improved
glycemic control were reviewed (n=39).

Results: Patients aged 12-18 years, females, and Medicaid patients
were twice as likely to be in persistently poor control as patients aged
6-11 years, males, and privately insured patients, respectively. Each
additional visit with HbATc 210% and one percentage point increase in
the mean HbA1c reduced the likelihood of subsequent improvement by
20% and 50%, respectively. Of the 39 patients with improved control,
only 5 (13%) sustained their improvement for >2 years. Multiple
contributing factors for improved control were identified, but no one
factor explained improved control in >25% of patients.

Conclusion: This study suggests that the longer the duration of poor
control, the more difficult it is to reverse the underlying factors of poor
diabetes management. Strategies to improve regular clinic attendance
along with reinforcement of changes which resulted in improved control
are critical. Adolescents, females, and Medicaid patients in particular
should be targeted for sustained intervention.
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Introduction

Successful management of type 1 diabetes mellitus
(T1DM) requires sustained collaboration involving the patient,
family, caregivers, and the multidisciplinary diabetes team.
Near normalization of blood glucose often fails even in patients
and families who consistently perform self-care skills including
the prescribed insulin regimen and diet (1). Children and adults
with well-managed diabetes typically have hemoglobin Alc
(HbA1c) levels in the range of 6-8%, approximately equivalent
blood glucose levels in the range of 120-180 mg/dL. On the
other hand, patients with poor diabetes management have a
much higher HbA1c level, typically 210%. These high values
are estimated to reflect a 2-3 month blood sugar average of
>240 mg/dL.

Children with T1DM present unique challenges due to
problems in  diabetes self-care responsibilities which arise
between the ages of 10 and 15, often resulting in deterioration
of glycemic control. Factors which have been found to be
predictive of HbAlc levels include age (2) and gender (3),
regularity of clinic attendance (4), frequency of blood glucose
monitoring  (5,6), number of insulin injections (7), and the
duration of diabetes (8) Diabetes self-management occurs
within the home environment and is consequently influenced
by social and economic stressors. Family factors (9),
psychological characteristics (10), and economic issues (11) all
may influence glycemic control.

These identified factors, however, have not been well
studied in the subgroup of children with TIDM who have
persistent difficulty with their diabetes management. Noting
that this particular group of patients is at higher risk for long-

Address for Correspondence
Paul B. Kaplowitz MD, Children's National Medical Center, 111 Michigan Ave, Dc 20010, Washington, USA
Phone: +202 476 3808 E-mail: pkaplowi@cnmc.org
© Journal of Clinical Research in Pediatric Endocrinology, Published by Galenos Publishing.



Kim H etal.
Children with Poorly Controlled T1DM

term complications (7) and therefore likely to be responsible
for a significant portion of medical costs associated with
T1DM, it is important to study this population in more depth.
The objectives of this study were to characterize children with
T1DM and persistent poor control, to determine the
relationship between the duration of poor control and the
likelihood of subsequent improvement, and to identify factors
associated with improved control.

Methods

Study Design

We conducted a retrospective cohort study using the
Clinipro® (NuMedics, Tigard, OR, USA) database, which
contained clinical data of all patients who had attended the
diabetes clinic at Children’s National Medical Center (CNMC) in
Wiashington, D.C. from Jan 1st, 2002 to Jan 1st, 2011. Patients
with T1DM were eligible for inclusion if their average age for the
duration of follow-up was 6-18 years , if they had been followed
for at least 6 clinic visits and had at least one HbA1c 210%
result after the first year since their first visit to CNMC. The last
criterion was used to exclude patients with a single HbA1lc
value 210% that was obtained on a sample taken at the time
of diagnosis and therefore could not reflect poor diabetes
management. In our study, a patient’s glycemic control was
considered to have significantly improved if his/her HoA1c level
was reduced to below 9% or by at least 3% below the peak
after two or more consecutive visits with HbAlc levels of 210%
(i.e., persistent poor control). A patient’s glycemic improvement
was considered sustained if the patient's HbA1c level was
continuously maintained below 10% for two years subsequent
to the decrease or not sustained if the HbA1c level documented
at the time of improvement increased by >22% at the next visit
or by >3% at the second visit following the nadir.

Data Sources

Patients were generally seen every 3-4 months; however,
there were much longer time gaps between clinic visits for some
patients due to missed appointments. All data were entered by
trained personnel into CliniPro®. HbA1lc levels were determined
using the DCA 2000®+ HbAlc System (Bayer, Tarrytown, NY,
USA) with results available during the visit. The highest
measurable HbA1c reading with the DCA 2000®+ HbAlc System
was 14%. The medical charts of patients with improved control
were reviewed to identify factors that have led to improvement,
including demographic and clinical characteristics as well as
modifications that patients claimed to have made prior to the visit
with documented improved control (e.g., increased parental
supervision).

Statistical Analysis

The frequency distribution and the mean and standard
deviation of the demographic and clinical characteristics were
examined for all included patients and for patients with

persistent poor control separately. Additionally, after review of
selected charts, the frequency of each type of modification was
tallied for patients with persistent poor control and subsequent
improvement. Chi-squared tests or Fisher's exact tests were
used to test the difference in proportion within each nominal
independent variable by the dependent variable of interest,
whether or not improved control had occurred after an extended
period of poor diabetes management. Two sample t-tests or
one-way analysis of variance (ANOVA) were used to test the
difference in mean of each continuous independent variable by
categorical independent variables and, separately, by our
principal dependent variable. The bivariable relationships
between continuous independent variables using Pearson’s
correlation analysis were examined for multicollinearity. A
variable with the highest correlation only was entered into the
multivariable logistic regression model. Multivariable logistic
regression analysis with the demographic and clinical
characteristics, along with their 2nd order interaction terms,
controlling for age, gender, race, and insurance, was performed
to examine the relationships of our variables with the odds of
subsequent improvement in glycemic control. Model selection
was based on the stepwise method. All statistical analyses were
performed using SAS version 9.1.3 (SAS Institute Inc., Cary, NC,
USA).

Human Subjects Protection Issues

This study was approved by the Institutional Review Board
at CNMC. The only type of protected health information used
in our study was a medical record identification number, which
was needed to cross-match select patients to their medical
charts.

Results

Characteristics of Included Patients

The majority of the patients followed at CNMC for T1DM
have been able to maintain fair to good glycemic control over
time and were therefore not included in our analysis. There was,
however, a sizable subset of 151 patients who met the inclusion
criteria (Table 1). The mean average age (= SD) of the included
patients was 12.7+2.7 years, 65% being between 12-18 years,
and the rest between 6-11 years old (x2=13.41; p=0.0003). There
were 52% African-Americans, 23% Caucasians, and 13%
Hispanics in the included group, while the entire database
(n=2.312) had 54% Caucasians, 31% African-Americans, and
7% Hispanics. Both genders and insurance groups (Medicaid vs.
private insurance) were represented nearly equally (p>0.05 for
alll. The majority of the included patients (67%) attended the
clinic 3-4 times/yr, whereas the remainder was seen less than 3
times/yr (x2=17.23; p<0.0001). The mean HbA1c level (+SD) of
African-Americans (11.2+1.3%) did not differ from that of
Hispanics (10.9+1.1%), but was significantly higher than that of
Caucasians (10.1£1.3%) (F=6.64; df=3; p=0.0003).
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Characteristics of Patients in Persistently Poor

Glycemic Control

Of the included patients, 104 (69%) were found to have >2
consecutive visits with HbAlc levels of 210% (i.e., persistent
poor control) (Table 2). The Hispanic group had the highest
proportion of Medicaid patients (87%), followed by African-
American (53%) and Caucasian (32%) (x2=12.49; df=3; p=0.006).
The racial group with the most regular follow-up was Hispanic
(87%) whereas only 58% of Caucasians and 55% of African-
Americans were seen >3 times/yr (x2=8.36; df=3; p=0.038). The
mean HbA1lc level (+SD) of patients with <2 visits per year
(11.6£1.1%) was slightly but significantly higher compared to
those with 23 visits per year (11.0+1.3%) (F=5.62; p=0.020).
Patients between 12 and 18 years of age were twice as likely to
be in persistently poor control [odds ratio (OR)=2.07 (1.02, 4.22);
x?=4.11; p=0.043] and to be higher in HbA1c level (11.0£1.3%
vs. 10.3+1.3%; t=-3.16; p=0.002) as those between 6 and 11
years of age. Compared to boys, girls were twice as likely to be
in persistently poor control [OR=2.11 (1.04, 4.27); x2=4.40;
p=0.036] and to have a higher mean HbA1c level (11.0£1.4% vs.
10.5+1.3%; t=2.23; p=0.028). Medicaid patients were also twice
as likely to be in persistently poor control as patients with private
insurance [OR=1.81 (1.13, 2.90); x2=7.54; p=0.006]. No
significant correlation was found among the variables that we
examined (p>0.05).

Characteristics of Patients in Persistently Poor

Glycemic Control with Subsequent Improvement

Of the 104 patients in persistently poor control, 39 (38%)
subsequently had a significant improvement in their HbA'¢ levels
(Table 3). The mean HbA1c level (+ SD) of the patients who had
a significant decrease in HbA1c (10.7+1.2%) was significantly
lower than that of patients whose control did not improve
(11.5+¢1.2%) (t=3.32; p=0.001). The mean duration
(£SD) of persistent poor control for the patients with subsequent
improved control (3.9+£2.2 visits) was significantly shorter
compared to those without improvement (5.9+3.4 visits) (t=3.63;
p=0.0004). Patients with only one visit with an HbA'c level >10%
were two times more likely to have subsequent improved control
than those with two or more consecutive visits with HbA1c levels
of 210% (OR=2.04 (1.52, 2.74); %2=19.79; p<0.0001).

Sixty-four percent of patients with two consecutive visits
with HbA1c levels 210%, 37% of those with three such visits,
and 29% of those with >4 such visits subsequently improved
(£=2.832; p=0.005). Our patients with only two consecutive
visits with HbA1c levels 210% were over four times more likely
to have improved compared to those with >4 such visits
[OR=4.38 (1.40, 14.06); x2=8.37; df=2; p=0.004]. There was no
significant difference in age, gender, race, insurance, and the
average number of visits per year between the two outcome
groups (p>0.05 for all). A significant positive correlation was
observed between the duration of persistent poor control and
age at the time of improvement (R2=18.98; p=0.006). Patients
aged 12-18 years (4.2+2.3 visits) had a longer period of
persistent poor control than patients aged 6-11 years (2.4+0.8
visits) (t=- 3.41; p=0.002).

84

Five (13%) patients with persistent poor control were
found to have sustained their improvement for >2 years,
whereas 21 (564%) patients showed worsening of control
within the next two years after improved control (Table 3).
Neither worsening nor sustained improvement could be
documented among the remaining patients (33%) because
the database only had records of visits for one year or less
after the visit at which improved control was noted. Medical
chart reviews revealed that increased parental supervision
(23%), improved overall adherence (23%), self-improved diet
(23%), nutritionist visit (18%), and fewer insulin injections per
day (18%) were among the most common modifications in
those patients whose control improved. In very few cases
(£6%), did we find that a significant increase in physical
activity or counseling visit was documented at the visit when
the decreased HbA1c level was observed. A single
modification was given as a contributing factor of improved

Table 1. Characteristics of the included patients (n=151)
Average age (years)t 12.7£2.7
Distribution by age (years) 6-11 53 (35%)
12-18 98 (65%)
Gender
Male 74 (49%)
Female 77 (51%)
Race™
White/Caucasian 34 (23%)
Black/African-American 80 (52%)
Hispanic 18 (12%)
Other 10 (7%)
Insurance
Medicaid 70 (46%)
Private 81 (54%)
Mean HbA1c (%) 10813
Average number of visits/year (visits) 28+09
0-2 50 (33%)
3-5 101 (67%)
Duration of paor glycemic control (visits) 38+33
1 47 (31%)
>2 104 (69%)
Significant improvement in HbA1c2
Yes 75 (50%)
No 76 (50%)
T Statistically significant difference within a variable at &=0.05.
¥ Racial information of nine patients (four with outcome and five without outcome)
was missing.
8 |t was considered as significant improvement in HbA1c if a patient’s HbA1c level
was reduced to below 9% or by at least 3% below the peak after two or more
consecutive visits with HbA1c levels of >10% (i.e., persistent poor control).
HbA1c: hemoglobin Alc
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control for eleven (28%) patients, whereas 18 (46 %) reported
to have made more than one modifications prior to the visits
with documented improved control. For the remaining 10
(26%) patients, no modification of the diabetes regimen was
documented in the medical record.

Predictors of Significant Improvement in Glycemic

Control

The final multiple logistic regression controlling for age,
gender, race and insurance showed that the duration of
persistent poor control and the mean HbAlc level were
significant in predicting whether a persistently poorly
controlled patient would subsequently improve in glycemic
control (Table 4). Each additional visit with HbA1c 210%
and every one percentage point increase in the mean
HbA1c level reduced the likelihood of subsequent
improved control by 20% and 50%, respectively.

Discussion

Previous studies support our conclusions that older
children tend to have more difficulty of diabetes control than
younger children (12,13,14). In addition, we were able to
quantify the observation that, once glycemic control had
deteriorated, this population was very likely to remain in poor
control for extended periods of time. The reason for both
observations appears to be similar. According to previous
studies, the changing hormonal milieu of adolescents with
T1DM, combined with decreased adherence, places them at
risk for higher HbAlc levels (12,13). The situation is often
exacerbated by the fact that adolescents are expected to
assume increasing responsibility for their own diabetes care
with subsequent decreased supervision by caregivers for
blood glucose monitoring, insulin administration and dose

Table 2. Characteristics of the included patients in persistently poor glycemic control by the outcome variable (n=104)
Significant improvement in HbA1c
Yes (n=39) No (n=65) All (n=104)
Average age (years) 13.1£2.5 13.0+2.6 13.0+2.6
Distribution by age (years) 6-11 12 19 31(30%)
12-18 21 46 73 (70%)
Gender
Male 15 30 45 (43%)
Female 24 35 59 (57%)
Racet
White/Caucasian 6 13 19 (19%)
Black/African-American 23 37 60 (61%)
Hispanic 7 8 15 (15%)
Other 2 3 5 (5%)
Insurance
Medicaid 26 30 56 (54%)
Private 13 35 48 (46%)
Mean HbA1c (%) 10.7£1.2 11.5£1.2 11.241.2
Average number of visits/year (visits) 2.80.7 2.8+0.9 2.8+0.8
0-2 10 27 37 (36%)
3-58 29 38 67 64%)
Duration of persistently poor glycemic control (visits)t 3.9+2.2 5.9+3.4 51232
2 14 8 22 (21%)
3 7 12 19 (18%)
>4 18 45 63 (61%)
T Statistically significant difference between the two outcome groups at c«=0.05.
*Racial information of 5 patients (1 with outcome and 4 without outcome) was missing.
§ Four patients were seen 5 times/yr on average. All of them did not improve.
HbA1c: hemoglobin Alc
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Table 3. Characteristics of the included patients in persistently poor
glycemic control who subsequently improved (n=39)

Average age at the time of improvement (years)t 14.7 3.0
Distribution by age (years) 6-11 7(18%)
1218 32 (82%)
Gender
Male 15 (38%)
Female 24 (62%)
Race'*
White/Caucasian 6 (16%)
Black/African-American 23 (61%)
Hispanic 7(18%)
Other 2 (5%)
Insurance®
Medicaid 26 (67%)
Private 13 (33%)
Duration of diabetes as of the time of improvement (years)  5.4+3.8
Pre-improvement HbA1c (%) 12.3£1.5
Post-improvement HbA1c (%) 9.01.1
Reduction in HbA1c (%) -3.31.2
Duration of persistently poor glycemic control (visits)
2 14 (36%)
3 7(18%)
>4 18 (46%)
Type of modification
Increased parental supervision 9(23%)
Increased physical activity 2 (5%)
Fewer insulin injection’ 7(18%)
Improved adherence 9(23%)
Increased total daily insulin 5(13%)
dose (by >20%)
Improved diet 9(23%)
Increased blood glucose 5(13%)
monitoring frequency
Nutritionist visit 7(18%)
Counseling visit 2 (5%)
Change in family living situation 1(3%)
Other* 1(3%)

Total number of modifications
Pts with no documented modification 10 (26%)

Pts with single modification 11 (28%)

Pts with multiple modifications 18 (46%)
Sustained improvementt

Sustained 5(13%)

Not sustained 21 (54%)

Not sufficient follow-up 13 (33%)
Duration of improved control

(days) 6144539

(visits) 44

f Statistically significant difference within the variable at ®=0.05.

+ Racial information of one patient was missing.

8 The number of insulin injections/day in all seven patients decreased from three to
two.

* The patient and his parent agreed with a financial incentive plan.

HbA1c: hemoglobin Alc

adjustment (14). If such issues persist, patients may have
persistent poor control, despite efforts by the diabetes team to
suggest strategies to reverse the poor control at clinic visits.

Moreover, we found that young females were more likely to
be in persistent poor control than young males. Decreased
insulin sensitivity that occurs during puberty, particularly in
females (12,15,16), and psychosocial factors, such as the level
of adjustment to illness (17), may play an additional role in
sustained poor diabetes management. Eating disorders are
also more prevalent in young females with T1DM than in those
without T1DM (18,19), and than in young males with T1DM (20).
Eating disorders in young females with T1DM are associated
with insulin omission (21,22,23), severe dietary indiscretion (23),
pervasive noncompliance with medical treatment (23), and poor
glycemic control (19,21,22,23).

In addition, our finding that more patients covered by
Medicaid were in persistently poor control than those with
private insurance likely reflects a wide array of social and
financial challenges. Medicaid insurance has been related to an
increased risk of severe hypoglycemia (24) and diabetic
ketoacidosis (25). However, sociodemographic factors
associated with Medicaid (e.g., low income, single parenting),
rather than Medicaid itself, may be accountable for such
challenges as T1DM care and management requires an
extensive amount of both tangible and non-tangible resources,
such as ready availability of insulin and diabetes supplies and
parental supervision (11).

Table 4. Determinants of the likelihood of subsequent improved control in
children with type 1 diabetes and persistently poor glycemic control, using
multivariable logistic regression

Determinant OR 95% Cl  p-value
Age group
6-11yrst
12-18 yrs 1.153 0.396, 3.359 0.794
Gender
Male 0.529 0.195,1.439 0.213
Female®
Race
Whitet - - -
Black 4.269 0.990, 18.408 0.052
Other? 2.791 0571, 13.640 0.205
Insurance
Medicaid 2.625 0.963,7.152 0.059
Private®
Mean HbA1c level (%) 0.490 0.299, 0.803 0.005
Duration of persistently 0.805 0.659, 0.983 0.033

poor control (visits)

TReferent category.
1Hispanic and other ethnic groups were combined into one group.

HbA1c: hemoglobin Alc, OR: odds ratio, Cl: confidence interval
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We found that an increase in the duration of persistent poor
control or in the mean HbATc level significantly reduced the
likelihood of subsequent improvement. This finding suggests
that immediate attention should be given to identifying possible
causes of declining diabetic control and to instituting changes in
diabetes management to address them as soon as deterioration
of control is identified. Because physicians in the United States
typically see children with T1DM every three to four months and
missed visits are especially common in patients with poor
control, this finding reinforces the importance for the patients of
regular diabetes clinic attendance. Jacobson and colleagues
compared 9- to 16-year-old children who visited the diabetes
clinic on a regular basis to those who had irregular follow-up.
They found that irregular follow-up was associated with worse
glycemic control in the first, second, and third year of the study
(4). In our sample, the patients who were less frequently seen (<2
visits/yr) had significantly higher mean HbA1c levels compared
to those with regular clinic attendance (=3 visits/yr).

Through our chart reviews of patients whose glycemic
control improved significantly after persistent poor control,
factors that were most often associated with improved control
and sustained improvement were identified. Although clear
requests for parents to supervise the administration of insulin is
one of our most frequent interventions, we found that in only
23% of our sample was increased supervision felt to be a factor
in the child’s improved control (since we did not review charts
where poor control did not improve, we cannot estimate how
often this strategy was successful). Only seven of our 39 patients
with improved control received nutritional counseling, even
though many more had been referred to a dietitian. It is of interest
that only two of our nine patients who reported improved diet had
actually been seen by a dietitian. This suggests that when
patients are motivated enough to take better care of their
diabetes, they may already have adequate knowledge about
healthier eating patterns to make relevant changes (e.g., giving
up sugar-sweetened beverages and sweet snack foods) on their
own. There were seven cases (18%) where a decrease in the
number of injections (typically from 3-4 injections/day to 2
injections/day) was followed by improved control, suggesting
that, in some cases, reducing the potential for missed doses is
beneficial. In contrast, no cases were identified where a
significant reduction in HbA1c level occurred after the number of
injections/day was increased, as when patients were switched
from a conventional split and mixed insulin regimen to a
basal/bolus regimen.

Because our study utilized retrospectively gathered data
spanning approximately nine years, it is subject to potential
sources of error. Even though we attempted to limit
measurement error by using a standardized data collection tool,
there may have been inaccuracies in the original documentation
in the medical records. For instance, changes in insulin regimen
were well documented, but changes in parental supervision
were not and therefore likely under-reported. This tendency to
document one particular aspect more frequently than the other

might have led to over-reporting, which likely produces
differential information bias. Most of these errors, however, are
non-differential with respect to improvement and regression in
glycemic control and will most often cause a result to be biased
toward the null hypothesis. This source of bias may have led us
to miss potentially significant associations.

There are several limitations associated with our study
design and methods as well. We cannot exclude the possibility
that no relationship was observed because of our relatively small
sample size of patients with documented substantial
improvement in HbAlc level. In attempting to study the
subgroup of patients in persistent poor control, we arbitrarily
selected an HbA1lc level of >10%, reflecting an average blood
glucose level of approximately 240 mg/dL. HbA1c is a widely
used measure of glycemic control, but it may imperfectly
correlate in some patients with average blood glucose levels
over the previous months (26). Thus, some patients with an
HbA1c level of 9% may be in as poor control based on actual
blood glucose levels as other patients with an HbATc value of
11%. We also used an arbitrary definition of improved control
(i.e., a reduction in HbA1c level to below 9% or by at least 3%).
For example, a patient whose HbA1c level dropped from 14%
t0 10.5% was considered to have improved under our definition,
even if the end result remained unsatisfactory. Also, our
accuracy at determining the extent of improved control may
have been limited by the fact that the highest HbA1c level which
can be measured on the DCA 2000®+ HbAlc system is 14%.
The relatively small number of patients who demonstrated
improved glycemic control after persistent poor control reduces
the ability to ascertain whether the findings concerning which
modifications may have caused the sustained improvement are
statistically significant. In addition, the duration of diabetes was
excluded from all levels of analysis examining the likelihood of
subseqguent improvement in glycemic control. It was challenging
to define the duration of diabetes for our patients because their
period of follow-up was long and varied widely among subjects.
Lastly, we did not conduct medical chart reviews on the large
number of patients who did not show improvement in glycemic
control, which would have allowed us to compare them to the
patients with improvement in terms of each documented
modification. However, it was not practical to review every clinic
letter of the included patients.

Our study demonstrated that patients who had at least
one visit with HbATc >10% but were not in persistently poor
control were more likely to have subsequently improved than
those with persistent poor control. We also demonstrated that
older age, gender, and Medicaid insurance were
independently associated with the likelihood of persistent poor
control. We established that the longer children were in
persistently poor control or the higher HbA'c level they had on
average, the less likely they would subsequently improve. In
addition, we found that improvement in glycemic control was
often not sustained for extended periods of time. Our findings
confirmed the importance of regular clinic attendance (3,4,8).
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Strategies must be developed to improve accessibility to the

clinic and to

identify patients who frequently miss

appointments. Moreover, additional time may need to be
spent at visits during which improvement in glycemic control
is documented, in order to reinforce the changes in diabetes
management that were responsible for the observed
improvement, which may increase the likelihood that such
improvement will be sustained.
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