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OBJECTIVEdTo compare a modified fixed meal dosing strategy to flexible meal dosing in
hospitalized patients with type 2 diabetes.

RESEARCH DESIGN AND METHODSdPatients (N = 126) with refractory hypergly-
cemia or requiring at least 20 units of insulin per day were randomly assigned to fixed meal
dosing (including withholding the dose if less than half of themeal tray was consumed) or flexible
meal dosing based upon carbohydrate intake. The inpatient diabetes management teammade all
treatment adjustments. Outcomes included day 3 mean glucose, 72-h glucose trend analysis,
hypoglycemia (,3.9 mmol/L), and inpatient diabetes treatment satisfaction.

RESULTSdThe mean glucose on day 3 was 9.5 and 8.8 mmol/L in the fixed and flexible meal
groups, respectively (P = 0.26). The frequency of hypoglycemia was 23 and 39% overall in the
fixed and flexible meal groups (P = 0.08), with half of events occurring in the morning. There
was a wide range of carbohydrate intake (median 51 g/meal, 10–90% range 26–72 g on day 3).
The fixed dose group required significantly more prandial insulin overall and more correction
insulin over time. There was no difference in composite treatment satisfaction or dosing mis-
calculations between groups.

CONCLUSIONSdA fixed meal dosing strategy provided similar glucose control as flexible
meal dosing, when managed by an inpatient diabetes treatment team. However, a larger sample
size would be needed to definitively evaluate a treatment effect of flexible meal dosing in the
hospital. Further study is needed to improve the delivery of bolus insulin in hospitalized patients.
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Hyperglycemia is common in the
hospital (1) and is associated with
poor outcomes (2). Subcutaneous

insulin is traditionally favored for most
general surgical and medical patients out-
side of the intensive care unit, using a reg-
imen that includes basal, prandial, and
correction insulin components (3,4). How-
ever, there are limited data to support
individualized treatment approaches,
particularly outside of the intensive care
unit, where most patients receive care. In
general, glycemic control is related to the
intake of carbohydrates (5) and is limited

by the occurrence of hypoglycemia. Data
suggest that the most common cause of
hypoglycemia in hospitalized patients
with diabetes is a reduction in caloric in-
take (6,7). Variable carbohydrate expo-
sure may be a result of tests that require
fasting, late meal trays, patient food pref-
erences, or symptoms that interfere with
nutritional intake, such as anorexia and
nausea. Therefore, optimizing prandial
insulin dosing may provide better glyce-
mic control.

One approach to optimize prandial
insulin coverage is to deliver meals with

fixed carbohydrate content, thereby en-
abling fixed meal dosing (4). However,
this does not guarantee that a patient
will eat the entire meal or that the patient
will not consume additional carbohy-
drates. An alternative approach is to ad-
minister prandial insulin based upon
carbohydrate intake. In a retrospective
study, the introduction of flexible meal
dosing according to carbohydrate intake
resulted in an improvement in glycemic
control compared with sliding scale alone
(8). Carbohydrate counting has shown
probable glycemic benefit in outpatients
with type 1 diabetes (9), but less clearly in
outpatients with type 2 diabetes (10). Un-
like hospitalized patients, outpatients are
generally otherwise healthy, with good
oral intake and recognition of impending
hypoglycemia.

The Centers for Medicare and Medic-
aid Services is increasingly emphasizing
value-based purchasing decisions (11), rec-
ognizing that patient satisfaction is closely
linked to clinical quality measures (12).
Flexible meal plans are becoming more
popular as a means of improving overall
patient satisfaction in hospitals (13). A
2008 survey of 270 health care food and
nutrition practitioners, suppliers, andman-
ufacturers affiliated with the National Soci-
ety of Healthcare FoodserviceManagement
reported that 37% of respondents offered
restaurant-style room service, with many
more planning to make the conversion
(13). Such meal plans generally still fall
within the prescribed diet order, but it is
less clear how this is carried out in practice
among patients with diabetes. In patients
with diabetes, food choices have received
the lowest scores on inpatient diabetes
treatment satisfaction questionnaires (14).
A flexible meal plan was associated with
more hypoglycemia butmay improve treat-
ment satisfaction and opportunities for nu-
trition education (15). Thus, it has become
increasingly important to establish glyce-
mic control strategies that address this
growing trend.

This is the first randomized study to
examine the use of prandial insulin dosing
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according to carbohydrate intake in hospi-
talized patients.

RESEARCH DESIGN AND
METHODSdStudy subjects were gen-
eral medical or surgical patients admitted
to a single large academic medical center
(976 beds) between August 2010 and
February 2012. The nurse-to-patient ra-
tio varied based upon location, although
none of the patients were critically ill.
Patients requiring insulin therapy were
randomized using a computer-generated
process to either fixed prandial insulin
dosing or flexible dosing based upon
carbohydrate intake. Inclusion criteria
included type 2 diabetes between the
ages of 18 and 80 years with hyperglyce-
mia or requiring at least 20 units of insulin
per day in the 24 h prior to enrollment.
Hyperglycemia was defined as a blood
glucose 8.3–22.2 mmol/L on at least two
occasions separated at least 4 h apart for
the purposes of study inclusion. Exclu-
sion criteria included major surgery or
any surgery lasting.2 h, glucocorticoids,
enteral or parenteral nutrition, preg-
nancy, current or planned intravenous in-
sulin, prolonged NPO status (.24 h),
expected length of stay ,48 h (deter-
mined by the attending physician of the
primary team), insulin pump, diabetic
ketoacidosis, end-stage renal or liver dis-
ease, major surgery, inability to give in-
formed consent in English, and sensitive
admissions (prisoners and suicidality).
This study was approved by The Ohio
State University institutional review
board, and all patients signed informed
consent.

All oral and noninsulin injectable
glucose-lowering therapies were discon-
tinued. The total daily projected insulin
dose (TDD) was based upon the pre-
enrollment glucose and either weight (if
insulin naïve) or total daily preadmission
dose (if not insulin naïve), similar to stud-
ies of other inpatient populations (16,17).
In subjects who were insulin naïve, the
total dose of insulin was calculated as
0.4 or 0.5 units/kg if the enrollment glu-
cose was .11.1 or ,11.1 mmol/L, re-
spectively. In subjects who were not
insulin naïve, the total insulin dose was
calculated as 120 or 100% of the total
daily insulin dose at admission in subjects
with an enrollment glucose of .11.1 or
,11.1 mmol/L, respectively. One-half of
the TDD was given as basal insulin analog
(detemir). The dose was administered once
daily at night unless the patient was already
receiving twice-daily dosing of basal

insulin. The inpatient diabetes manage-
ment team wrote all insulin orders and
made all insulin adjustments. The inpatient
diabetes team was available by pager for
questions or concerns after hours.

Prandial insulin (aspart) was admin-
istered immediately after the meal for all
patients, since previous studies in other
patient populations suggest that similar
glycemic control could be achieved
(18,19). In the fixed dose group, half of
the TDD was divided into three equal
fixed doses given immediately after each
meal. The dose was held if the subject
ate less than half of the meal. In the
carbohydrate-based dose group, prandial
insulinwas based upon the following equa-
tion: carbohydrate-to-insulin ratio (CIR) =
400/TDD, as reviewed previously (20).
Prandial insulin is routinely dosed accord-
ing to carbohydrate intake at the study in-
stitution for the past 5 years. All meal trays
come with a list of the carbohydrate con-
tent for each item, and nurses are trained
to administer insulin based on carbohy-
drate intake. Nurses are instructed to con-
tact the diabetes team for assistance with
carbohydrate content of meals from out-
side the medical center. Supplemental
(correction) insulin was provided at
major meals and bedtime using correc-
tion factor = 1,700/TDD (20).

Daily adjustments were made accord-
ing to a premeal glucose target of 7.8
mmol/L in increments of610–20% of the
TDD, similar to the practice reported in
other hospitalized patient populations
(16,17). Prandial insulin was preferen-
tially titrated first unless the subject was
NPO or the total dose of prandial insulin
administered in the previous 24-h period
exceeded twice that of the basal insulin. In
these cases, the dose of basal insulin was
preferentially increased, provided that the
fasting glucose was.6.7 mmol/L. Isolated
fasting hyperglycemia was not specifi-
cally addressed during the 72-h study
period. In the case of the fixed dose
group, an absolute adjustment in the
dose in units was made, whereas in the
flexible dose group, an adjustment in
the CIR was made (for example, a 20%
increase for a CIR of 10 would be 8). An
increase in dose of 10% was made if
.50% of readings were above target in a
given day, assuming therewere no readings
,4.4 mmol/L. Likewise, an increase in
dose of 20% was made if all readings
were .10 mmol/L.

Hypoglycemia was managed with a
10–20% reduction in prandial insulin,
unless it occurred overnight, in which

case, the basal insulin was reduced. Due
to the occurrence of two subjects with a
glucose ,2.2 mmol/L, an amendment
was implemented partway into the study
to manage more advanced hypoglycemia
(,2.8 mmol/L) with a 50% reduction in
TDD. This amendment also allowed the
provider to reduce the basal insulin up to
20% prior to a procedure for which the
patient was NPO.

Capillary blood glucose checks were
ordered before and 2 h after meals and
at bedtime (7-point profiles) using the
Accuchek Inform glucometer.

Patients at the study institution are
typically able to customize meals with the
assistance of a dietary technician by
choosing from several options that fit
within the diet ordered by the primary
team. For this study, a “carbohydrate-
controlled” diet was ordered for all pa-
tients. The actual content of this diet
varies but also depends upon the calorie
content ordered (for example, an 1,800-
calorie diet consists of;45 g at breakfast
and 65 g at lunch and dinner, but patients
may choose to ask for supplemental
items). Treatment satisfaction was mea-
sured at day 3using theDiabetes Treatment
Satisfaction Questionnaire for Inpatients
(DTSQ-IP) (14). Each item is scored on a
7-point scale (0 to 6). Item17was excluded
because it referred to a diabetes inpatient
specialist nurse, which was not a feature of
this study.

The intervention was limited to 3
days to allow subsequent customization
of the insulin regimen outside of the study
protocol, which was designed specifically
to study prandial insulin, and also to
allow patients in the fixed dose group to
receive education on flexible meal dosing
if desired. Furthermore, it was felt that 3
days would be sufficient for achieving a
plateau in glucose levels (16,17). The pri-
mary outcome was day 3 mean 24-h glu-
cose. Secondary outcomes included a trend
analysis of glucose over the 72-h study pe-
riod, frequency of hypoglycemia (defined
as the proportion of subjects with a glucose
value ,3.9 and the proportion of subjects
with a glucose value ,2.2 mmol/L), fre-
quency of protocol deviation (defined as
any intentional or unintended deviation
from any ordered dose of insulin, exclud-
ing rounding errors), proportion of pa-
tients with mean glucose on day 3 of
3.9–7.8 mmol/L, and diabetes treatment
satisfaction. Additional measures, includ-
ing nonfasting glucose, proportion of sub-
jects with hypoglycemia ,3.3 mmol/L,
and proportion of patients achieving target
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glucose 7.8–10 mmol/L, were added in
order to provide comparisons to recent
publications and guidelines.

A sample size of 55 patients per group
was estimated to provide at least 80% of
the power to detect a 1.1 mmol/L differ-
ence in day 3 mean 24-h glucose level,
assuming an SD of 1.9 mmol/L for both
groups (a = 0.05; two-sided, two-sample
Student t test) and a 10% dropout or
crossover. The final enrollment number
was increased to 126 due to higher than
expected discharges prior to 72 h. For
comparing the primary end point (day 3
24-h glucose level) between groups, a lin-
ear mixed model was applied, incorporat-
ing repeated measurements for each
patient, with treatment group as the
main fixed effect and patients as the ran-
dom effect. Effects of other demographic
factors (insulin naïvety, sex, age, BMI,
duration of diabetes, daily carbohydrate
intake, and NPO status) were explored
in modeling procedures. For insulin, re-
siduals from linear mixed models using
the original scale were not normally dis-
tributed. Therefore, in order to test rel-
evant within-group and between-group
differences, natural log transformations
were applied, and this largely resolved
the violation of the normality assump-
tion. Other secondary end points were
analyzed using the Student t test (for
normally distributed variables), Wilcoxon
rank sum test (for nonnormally distrib-
uted variables), or Fisher exact test (for
binomial variables) as appropriate. Data
analyses were conducted in JMP 9.0,
and models were performed in SAS ver-
sion 9.3.

RESULTSdA total of 126 patients
signed consent. Subjects had a mean age
of 57 years, a median duration of diabetes
of 11 years, and 85% were on insulin
therapy prior to hospital admission. No
data were available in five subjects due to
screen failure (early discharge [one], ste-
roids requiring intravenous insulin [one],
leaving against medical advice [one], and
consent withdrawal [two]). Data were
available in 109 subjects on day 2 and
79 subjects on day 3 due to hospital dis-
charge. Baseline characteristics are shown
in Table 1. There were no differences be-
tween groups.

There was no difference in mean
glucose on day 3 between groups (Table 2).
The mixed-model approach did not find a
significant group-by-time interaction, in-
dicating no difference in glucose change
over time between the two groups (P =

0.47). There was no significant difference
in nonfasting glucose or in the number of
subjects at target glucose 3.9–7.8 mmol/L
(27 vs. 33% in the fixed vs. flexible meal
groups, respectively, P = 0.63). The per-
centage of subjects achieving mean glu-
cose 3.9–10.0 mmol/L was also similar
(70 vs. 71%, P. 0.99). There was no sig-
nificant difference in the frequency of hy-
poglycemia between groups. Half of all
hypoglycemia occurred at the prebreak-
fast time point.

A large proportion of patients were
NPO at some point during the study (41
and 46% of subjects in the fixed and
flexible groups, respectively). However,
when patients who were NPO were ex-
cluded (n = 12), mean glucose was similar
on day 3 (9.4 vs. 8.8 mmol/L in the fixed
and flexible groups, respectively, P = 0.37).
In addition, carbohydrate intake was

variable in patients who were eating. Car-
bohydrate intake was available in 56 sub-
jects on day 3 and ranged from 5 to 122 g/
meal (10–90% range 26–72 g).When strat-
ified by carbohydrate intake, subjects eat-
ing .50 g/meal had a mean glucose of
10.9 6 3.1 mmol/L in the fixed dosing
group compared with 8.6 6 2.0 mmol/L
in the flexible group. However, in subjects
eating ,50 g of carbohydrates, the oppo-
site trend was observed; the mean glucose
was numerically smaller in the fixed meal
group compared with the flexible meal
group (8.2 6 2.1 vs. 9.1 6 2.5 mmol/L).
There was no effect of BMI, insulin dose,
duration of diabetes, age, sex, or race.

Total insulin decreased significantly
from baseline in pooled data (P = 0.005)
and at specific time points within both
groups (Fig. 1). There was a significant
reduction in basal insulin from baseline

Table 1dBaseline characteristics

Fixed dose Flexible dose

P valuen = 63 n = 63

Age (years) 56 (12.1) 57 (10.3) 0.66
Male 34 (54%) 38 (60%) 0.59
Diabetes duration (years) 11 (6–15.5) 11 (5–18) 0.87
Caucasian 49 (78%) 50 (79%) .0.99
BMI (kg/m2) 35 (9.3) 38 (10.2) 0.12
Ischemic heart disease 26 (41%) 29 (47%) 0.59
Heart failure 24 (38%) 30 (48%) 0.28
Retinopathy 4 (7%) 5 (8%) .0.99
Nephropathy 8 (13%) 9 (15%) 0.80
Neuropathy 23 (37%) 32 (51%) 0.15
Chronic kidney disease 14 (22%) 15 (24%) .0.99
Admission medications
Admitted on insulin 50 (79%) 52 (83%) 0.82
Total daily dose baseline 66 (57.8) 65 (52.0) 0.88
Metformin 18 (30%) 21 (33%) 0.70
Sulfonylurea 15 (24%) 13 (21%) 0.83
DPP-4 inhibitor 4 (7%) 10 (16%) 0.10
GLP-1 3 (5%) 1 (2%) 0.62
Thiazolidinedione 4 (7%) 2 (3%) 0.68

Primary reason for admission
Cardiac 28 34
Gastrointestinal 2 3
Infectious 21 15
Hematologic-oncologic 4 4
Neurologic 3 2
Renal-metabolic 2 1
Pulmonary 3 4

HbA1c 9.0 (2.1)% 8.6 (2.3)%
0.29

75 (23) mmol/mol 70 (25.1) mmol/mol
Creatinine (mg/dL) 1.3 (0.78) 1.4 (0.83) 0.44
Time to enrollment (h)1 24 (18–29) 25 (19–36) 0.31

Data are reported as mean (SD) or median (IQR) for continuous variables and number (%) for dichotomous
variables. DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide 1. 1Time to enrollment is defined as
the time from admission (or emergency department) glucose to the first dose of prandial study insulin.
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in the flexible but not the fixed dose
group (Fig. 1). The mean prandial insulin
dose decreased significantly over time in
pooled data (P = 0.03), but particularly
within the flexible dose group. The pran-
dial insulin dose was lower in the flexible
dose group than the fixed dose group
overall (P = 0.01) (Fig. 1), primarily on
days 1 and 2. Finally, the rate of change
in correction insulin dose significantly
differed between groups (P = 0.03),
largely explained by an increase over

time in the fixed dose group, particularly
on day 3. There was no difference in the
number of patients with any dose dis-
crepancy between groups (Table 3).
Overall, 18% of patient-days were ac-
companied by at least one deviation in
insulin dose calculation or administra-
tion (excluding missing documentation
or rounding errors); 9, 9, and 2% of
patient-days had deviations in the carbo-
hydrate, correction, and basal doses,
respectively.

Treatment satisfaction scores were
similar between groups (69 6 14 vs.
68 6 13 out of 96 points in fixed and
flexible groups, respectively, P = 0.69).
In particular, there was no difference in
the responses to glucose-specific items.
The median score was 3 (P = 0.89) for
item 2: “How often have you felt that
your blood sugars have been unaccept-
ably high recently?” The median score
was 0 on item 3 (none of the time, P =
0.83): “How often have you felt that your
blood sugars have been unacceptably low
recently?” Hospital length of stay did not
differ between groups (median 6 days [in-
terquartile range (IQR) 3.75–10] in the
fixed meal group vs. 6 days [IQR 5–9]
in the flexible group, P = 0.91).

CONCLUSIONSdThis study demon-
strated that prandial insulin delivered
using a flexible or fixed meal dosing
strategy achieved similar mean glucose
levels in hospitalized patients, with no
difference in the frequency of hypoglyce-
mia or overall patient satisfaction. This
suggests that hospitals that allow more
flexible meals can achieve similar glyce-
mic control with a modified fixed meal
dosing strategy compared with formal
carbohydrate counting techniques,
although a higher prandial or supplemen-
tal insulin dose may be required. How-
ever, the observed SD for mean glucose
was higher than the estimates used for
calculation of sample size, indicating
that a larger study would be needed to
definitively evaluate a treatment effect of
flexible meal dosing. Additional calcula-
tions show that the treatment difference
of 1.1 mmol/L postulated for this study
would have necessitated 85 patients per
group. Further study is also needed in
patients who consume larger amounts of
carbohydrates, where the flexible meal
dosing strategymay provide better overall
control.

It should be emphasized that all initial
dose calculations and subsequent dose
adjustments were performed by the in-
patient diabetes treatment team. There-
fore, it is unclear whether the results
would extend to patients who are not
followed by an inpatient diabetes treat-
ment team (which is the majority of
patients at the study institution), espe-
cially since custom carbohydrate and
correction calculations were implemented.
Gaps in knowledge regarding proper
insulin dosing are reported to be major
barriers to the achievement of glycemic
control in the hospital among resident

Table 2dGlucose data

Fixed dose Flexible dose P value

Number of subjects
Day 1 59 62
Day 2 53 56
Day 3 37 42

Mean glucose (mmol/L)
Admission 12.5 (6.2) 11.2 (5.2) 0.19
Enrollment 10.2 (4.3) 9.9 (3.9) 0.58
Day 1 9.1 (2.2) 8.4 (2.5) 0.12
Day 2 9.2 (2.1) 8.9 (2.2) 0.53
Day 3 9.5 (2.7) 8.8 (2.3) 0.26

Mean morning glucose (mmol/L)
Day 1 7.6 (2.5) 8.2 (3.6) 0.35
Day 2 8.0 (2.9) 8.0 (2.7) 0.94
Day 3 8.7 (2.6) 7.8 (2.7) 0.13

Mean nonfasting glucose* (mmol/L)
Day 1 9.9 (2.6) 8.7 (2.7) 0.03
Day 2 10.3 (2.9) 9.7 (2.6) 0.37
Day 3 10.6 (3.4) 9.8 (3.3) 0.36

Postprandial glucose (mmol/L)
Day 1 10.1 (3.2) 8.9 (3.7) 0.06
Day 2 10.3 (2.6) 10.1 (2.9) 0.75
Day 3 11.3 (0.63) 9.7 (2.8) 0.10

Hypoglycemia (by subject)
,3.9 mmol/L
Day 1 8 (14%) 16 (26%) 0.11
Day 2 6 (11%) 7 (12%) .0.99
Day 3 5 (13%) 7 (17%) 0.76
Overall 14 (23%) 24 (39%) 0.08
Nonfasting 6 (10%) 12 (19%) 0.20

,3.3 mmol/L 5 (8.2%) 5 (7.9%) .0.99
,2.2 mmol/L 1 (1.6%) 2 (3.2%) .0.99
2.2–3.3 mmol/L 4 (6.4%) 3 (4.8%) .0.99
3.3–3.9 mmol/L 10 (16%) 20 (32%) 0.06

Mean carbohydrate per meal (g)
Day 1 n = 56 n = 54

52 (19) 50 (18) 0.46
Day 2 n = 46 n = 50

0.41
54 (24) 50 (15)

Day 3 n = 26 n = 39
0.98

51 (19) 50 (18)
Any NPO order 24 (41%) 28 (46%) 0.59

Data are reported as mean (SD) for continuous variables and number (%) for dichotomous variables. *Mean
of prelunch, predinner, and postmeal.
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physicians (21,22). Currently, the institu-
tion’s prandial insulin order sets provide a
choice of three default CIRs, which are
designated as low (20), standard (10), or
high (5). This simplifies insulin dosing
(versus fixed meal dosing) at the study in-
stitution where the technique has become
themost frequently orderedmethod of de-
livering short-acting insulin.

Mild hypoglycemia (,3.9 mmol/L)
was common in this study and tended
to occur more frequently in the flexible
dosing group (23 and 39% in the fixed
dose and flexible dose groups, respec-
tively), despite the algorithmic approach
to insulin. However, most events were

mild, and approximately half of hypogly-
cemia occurred in the morning, suggest-
ing that basal insulin contributed as much
as prandial insulin. The incidence of any
glucose ,3.3 mmol/L was 8% in both
groups. By comparison, the frequency of
hypoglycemia (,3.3 mmol/L) was 33%
in a study of hospitalized subjects receiv-
ing detemir and aspart (17). In another
study of surgical patients treated with
glargine and apidra, the frequency of hy-
poglycemia (glucose ,3.9 mmol/L) was
23% (16). However, subjects requiring
.0.4 units/kg prior to admission were
excluded in the latter study, and subjects
had lower BMI and shorter duration of

diabetes and were more likely to be insu-
lin naïve than in the current study. Higher
insulin dose was reported to be a risk fac-
tor for hypoglycemia in a pooled analysis
of randomized trials (23). A national sur-
vey of hospitals reported a prevalence of
hypoglycemia ,3.3 mmol/L of 25–26%
among hospitalized patients using basal
insulin (24).

The dose of basal insulin tended to
decrease over time in this study, in part
due to morning hypoglycemia. This sug-
gests that the starting dose of basal insulin
(50–60% of the total home dose from all
types of insulin) is too aggressive, given
that most subjects were not insulin naïve.

Figure 1dBox plots summarizing total insulin dose (A), basal insulin dose (B), mean prandial dose per meal (excluding meals where patient was
NPO) (C), and mean correction insulin per dose (D). Plots with solid lines and circles (○) indicate the fixed dose group, and plots with dashed lines
and plus (+) signs indicate the flexible dose group. Day 0 indicates the TDD for total insulin and the admission dose for basal insulin. The horizontal
line within the box represents the median value, and the top and bottom of the box represent the 75th and 25th percentiles, respectively. The whiskers
represent the highest and lowest data point still within the following values: 75th percentile + 1.53 (IQR) (top), and 25th percentile – 1.53 (IQR)
(bottom). If the data points do not reach the computed ranges, then the whiskers are represented as the highest and lowest data point. P-(day)
indicates the P value for change in daily dose in the pooled sample, and P-(Group*day) indicates the P value for between-group difference in overall
trend. *P, 0.05 vs. baseline within group; ^P, 0.05 between groups. P values determined from mixed linear models with natural log-transformed
insulin values.
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The need for basal dose reduction may
have also masked a treatment effect of
the intervention, since the need for reduc-
tion in the dose of basal insulin precluded
any adjustment in prandial insulin. The
total daily insulin dose also decreased
over time in the study. In another ran-
domized study, hypoglycemia was more
frequent in patients who were admitted
on insulin therapy and continued the
home dose (17). Current guidelines sug-
gest reducing the total home dose in pa-
tients with poor nutritional intake,
impaired renal function, or admission
glucose,5.6 mmol/L (4), but the current
results suggest that this approach may not
be sufficient. Although it has been noted
that patients typically require more insu-
lin during acute illness, this either re-
solves quickly or may be more relevant
during critical illness (25). In general,
the reduction in total insulin was more
prominent in the flexible dosing group,
which also required significantly less
prandial insulin overall and a signifi-
cant divergence from the fixed dose

group in correction insulin requirements
over time.

Meals with a set carbohydrate content
may provide better glucose control with
fixedmeal dosing than that reported here.
However, fixed carbohydrate meals may
not represent usual practice in the typical
inpatient setting and may affect patient
satisfaction (15). In this study, although
mean carbohydrate intake in a subset of
patients was ;50 g of carbohydrates, the
range was high, which could significantly
impact glycemic control, even with con-
sistent carbohydrate plans. It was due to
the concern for irregular intake that pran-
dial insulin was dosed postmeal. With-
holding the prandial insulin dose in
cases where less than half the tray was
consumed appeared to be an adequate
strategy for addressing this concern at
the lower end of the range of intake. In
contrast, subjects with higher carbohy-
drate consumption may benefit from the
flexible meal strategy, although it must be
emphasized that this was a post hoc anal-
ysis, and it requires more evaluation.

Unfortunately, carbohydrate intake was
not documented in all patients consis-
tently despite specific data collection ef-
forts (the electronic medical record at the
institution does not force the nurse to
document the carbohydrate intake).

All nurses at the study institution are
trained on dosing based upon carbohy-
drate intake, but additional interventions to
ensure dosing accuracy appear to be nec-
essary, regardless of the method of bolus
insulin dosing. Problems related to irregu-
lar mealtimes, outside sources of food,
timing of insulin administration relative to
meals, calculation of insulin doses, and
missed insulin doses could have masked
potential treatment differences between
groups, as dosing aberrations were com-
mon. The actual time of administration
relative to oral intake was not recorded in
this study, but this would be important for
further study.Despite the extra calculations
required for carbohydrate counting, dosing
deviations were not significantly different
between groups. Furthermore, 43% of
bolus miscalculations were due to devia-
tions in correction dosing and not the
carbohydrate coverage. The use of custom
CIR and correction factors is not standard
in the study institution and might have
contributed to these errors. Very little pro-
spective data on subcutaneous insulin ad-
ministration errors are available in the
hospital. Frequent errors in insulin dosing
were reported in a previous retrospective
study, where there were 0.53 errors/patient
day, with 64% of patients having at least
one error (26). This error rate is higher than
that reported here, possibly due to differ-
ences in the definition of error (26). Thus,
continued opportunities exist for improv-
ing insulin dosing among hospitalized pa-
tients in general. The study institution
recently implemented a fully computerized
electronic medical record with capability
for a built-in bolus insulin dose calcula-
tor. Bolus calculators are known to im-
prove dosing accuracy in outpatients
with type 1 diabetes using fixed or flexi-
ble dosing (27).

Finally, treatment satisfaction did not
differ significantly between groups. How-
ever, in the original publication of DTSQ-IP,
the best model could only account for
8.2% of the variability in inpatient treat-
ment satisfaction (14). In particular, the
DTSQ-IP may be insensitive for assessing
this particular intervention, as not all el-
ements apply and more subtle differences
between groups cannot be excluded. Ad-
ditional tools for assessing inpatient treat-
ment satisfaction are needed.

Table 3dInsulin data

Fixed dose Flexible dose P value

Basal insulin (units)
Admission1 37 (10–60) 40 (16–70)
Day 1 28 (17–50) 28 (15–46)
Day 2 29 (16–50) 30 (15–45)
Day 3 28 (15–41) 30 (13–37)

Twice-daily detemir 10 (16%) 14 (22%) 0.50
Prandial insulin (average dose per

meal, units)2

Day 1 10 (4–10) 6.5 (2.2–6.5)
Day 2 9.8 (4.8–13) 6.1 (2.9–11)
Day 3 10 (5–15) 6.9 (3.4–11)

Supplemental insulin (average dose, units)
Day 1 1.0 (0.25–2.0) 0.75 (0.25–3.0)
Day 2 1.3 (0.5–2.0) 1.0 (0.5–2.5)
Day 3 1.6 (0.94–2.7) 1.0 (0.25–2)

Total insulin (units)
Total daily dose projected at

enrollment (units) 70 (37–100) 60 (37–100)
(Units/kg) 0.61 (0.42–1.04) 0.58 (0.40–0.78)
Day 1 55 (33–75) 39 (28–72)
Day 2 48 (29–76) 42 (22–77)
Day 3 49 (29–82) 53 (19–78)

Dose discrepancies (by subject)
Total 17 (28%) 25 (42%) 0.21
Carbohydrate coverage2 7 (12%) 15 (25%) 0.10
Correction factor 11 (18%) 11 (18%) .0.99

Data are reported as median (IQR) for continuous variables and number (%) for dichotomous variables.
P values for differences in insulin doses between groups are not shown due to the use of linear mixed models,
which required logarithmic transformation of the data. 1Among patients who are not insulin naïve. 2NPO
patients excluded.
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In conclusion, a prandial insulin strat-
egy using a modified fixed meal dose pro-
vided similar glucose control compared
with a flexible dosing regimen, when man-
aged by an inpatient diabetes treatment
team. The study illustrates the challenges
and limitations of rigorous assessment of
treatment regimens and the informed trans-
lation of such in a hospital setting. However,
larger studies reflecting typical use would be
necessary to definitively evaluate any treat-
ment effect. Further study is needed to
determine whether patients consuming
more carbohydrates may benefit from flex-
ible meal dosing. The results support the
need for a reduction in the home dose of
insulin at the time of admission and further
research in methods of delivering timely,
accurate meal dosing in the hospital.
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