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In study 1, laboratory and supervised blood or urine test data from actual cases were used to develop
patient profiles. Seven diabetologists from the same institution rated the diabetic control of 125 profiles
on a four-point scale (1 = poor, 2 = fair, 3 = good, 4 = excellent). Six of the 7 diabetologists
demonstrated adequate intra- and interrater reliability. Study 2 assessed the reliability of judgments of
diabetic control made by diabetologists working in two different settings. There were 9 raters from
institution 1 and 8 from institution 2. The impact of the amount and type of information on judgment
reliability was evaluated by developing two types of profiles. The test form contained only laboratory
and supervised blood or urine test data similar to that utilized in study 1. The history form contained
this information as well as other descriptive data typically available to diabetologists. The 17 diabe-
tologists rated 125 anonymous profiles on each of two separate occasions ~ 1 wk apart. On one occasion
they rated profiles presented on the test form. On the other occasion they rated profiles presented on
the history form. As in study 1, the diabetologist raters demonstrated adequate intra- and interrater reli-
ability. Intrarater reliability was somewhat better when rating test form profiles compared with history
form profiles. Reliability was not higher within than between institutions. An analysis of the relative
contribution of different diabetes control indices to the diabetologists' judgments indicated that HbA!
influenced raters' judgments at both institutions more than any other single variable. However, raters
utilized other information as well, particularly the urine test and fasting blood glucose results. Use of
a cholesterol measure by institution 2 raters, but not by institution 1 raters, was the only clearly
discrepant use of test form data by the diabetologists working in two different settings. A mathematical
prediction equation was developed that accurately simulated the diabetologists' judgments. The ro-
bustness of this equation was tested and demonstrated on a cross-validation sample of the cases utilized
in study 1. Diabetes Care 10:217-24, 1987

Although there is general agreement that the level abolic control. Compliance and control need to be measured
of metabolic control is critical to the evaluation separately so that their relationship can be empirically eval-
and management of diabetes, there is no consen- uated.
sus as to how "good" or "poor" control should be Laboratory measures of glycosylated hemoglobin probably

defined. Some investigators include both behavioral indices offer the best single estimate of the patient's average glycemic
of compliance (e.g., number of urine tests completed daily control over the previous few weeks or months. However,
by the patient) and physical measures of diabetes status (e.g., assay of glycosylated hemoglobin provides no information
blood or urine glucose test results) in their estimate of dia- about the nature and extent of daily blood glucose excursions
betes control (1-3). This approach confuses two aspects of and, as a consequence, provides insufficient information for
diabetes management that are conceptually distinct by as- use in day-to-day manipulations of therapy (4). In practice,
suming that patient compliance with recommended diabetes the physician is faced with various laboratory and patient-
management tasks is equivalent to the patient's level of met- generated information on which to base a judgment of dia-
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betic control. However, judgments of patient health status
by diabetologists are of unknown reliability. Studies that have
used physician judgments usually do not provide detailed
descriptions of how these judgments were made, nor do they
provide evidence that the judgments were reliable (5,6).

Several investigators have developed elaborate systems of
combining information obtained from different indices of
diabetic control to arrive at an overall estimate of the pa-
tient's health status (7-12). A numerical score is given for
specified values of selected indices, and each patient's score
on each index is then summed to categorize the patient as
having good, fair, poor, or very poor control. This approach
circumvents the problem of physician judgment reliability
because physician judgments are not used. Nevertheless, the
approach is open to criticism because the assignment of dif-
ferent numerical scores to the various values of the selected
indices of diabetes control is arbitrary. Different investigators
may take issue with the numerical scores assigned or with
the indices of diabetic control selected for inclusion.

We studied the reliability of diabetologists' judgments of
diabetic control and the feasibility of simulating such judg-
ments with a mathematical prediction equation. In study 1,
seven diabetologists working at the same institution rated
patients' level of diabetic control; the reliability of these
judgments was assessed. In study 2, the reliability of judg-
ments of diabetic control made by diabetologists working in
two different settings was tested, and the effect on judgment
reliability of the amount and type of information was also
evaluated. In both studies 1 and 2, the influence of different
control indices on the diabetologists' judgments was assessed,
and the feasibility of developing a mathematical prediction
equation to simulate the diabetologists' judgments was ex-
plored.

MATERIALS AND METHODS

Study 1
Profiles rated. Ninety-three children attending the 1980 ses-
sion of Florida's Camp for Children and Youth With Diabetes
provided the data used to construct patient profiles to be
rated by the diabetologist participants in the study. All
youngsters had had diabetes for at least 1 yr.

Throughout the 2-wk stay, campers tested urine for sugar
(Clinitest) and ketones (Acetest) 2-4 times/day under the
supervision of a camp counselor to ensure test performance
accuracy. In addition, several fasting blood glucose estimates
were obtained (Chemstrips), and HbA, was measured once
(Isolab Fast Hemoglobin Test System; normal range 5.5-
8.5%). These data were used to construct patient profiles
consisting of the HbA] value; mean fasting blood glucose
over the 2 wk; percent of urine test results that were <2%
glucose, 2-6% glucose, and >6% glucose during the 2 wk;
and percent of urine ketone estimates that were negative,
small, moderate, and large over the 2 wk. No other descrip-
tive data (e.g., camper's name, age, sex, and duration of
diabetes) were provided on the patient profiles.

Diabetologist raters. Three board-certified pediatric endo-
crinologists, two physician fellows in pediatric endocrinol-
ogy, a diabetes nurse specialist, and a diabetes educator served
as raters. All worked at the University of Florida Medical
Center, Gainesville, Florida, treating young patients with
diabetes.

Procedure. Each rater received a packet of 125 patient
profiles consisting of the 93 profiles randomly ordered and
32 repeated profiles for the purpose of assessing intrarater
reliability. Raters were told that the profiles were of actual
cases, and they were to rate each patient's level of diabetes
control on a four-point scale (1 = poor, 2 = fair, 3 = good,
4 = excellent). A four-point scale was selected because it
is consistent with the methodology of previous studies that
have attempted to combine multiple indices of diabetes con-
trol into one overall estimate of diabetes control (5-12).
Because one purpose of the study was to assess the relative
contribution of different indices of diabetic control on the
diabetologists' judgments, the raters were given no other
instructions, to avoid biasing their ratings. They were also
unaware of the duplication of 32 of the profiles.

Information obtained from camp records. Additional patient
information obtained from camp records included duration
of diabetes; number of insulin reactions, administrations of
extra insulin, and illnesses at camp; and parent-reported
symptoms of thirst, nocturia, and enuresis at home. The
diabetologists did not have access to this information when
rating the patient profiles.

Study 2
The methodology of study 2 was similar to that of study 1
with the following exceptions: I) diabetologists from two
different institutions served as raters to assess possible dif-
ferences in diabetic control ratings made by individuals work-
ing in different settings, and 2) the influence of the amount
and type of information on the diabetologists' ratings was
tested with two different rating forms.

Profiles rated. One hundred children attending the 1982
session of Florida's Camp for Children and Youth With Di-
abetes provided the data used to construct patient profiles to
be rated by the diabetologist participants. All youngsters had
had diabetes for at least 1 yr. During their 2-wk stay, campers
were required to regularly test their blood for glucose (Chem-
strip) and their urine for glucose (Clinitest) and ketones
(Acetest). These tests were closely monitored by camp staff
to ensure accuracy. A sample of blood was also obtained from
each camper for laboratory analyses of fasting levels of blood
glucose (glucose oxidase method), triglycerides and total cho-
lesterol (with the Technicon enzymatic method), and HbA!
(Isolab Fast Hemoglobin Test System; normal range 5.5-
8.5%). Additional information about the child was provided
by the camper's parent. With these data, two types of profiles
were created: I) the test form, which contained only labo-
ratory and supervised Chemstrip or urine glucose and ketone
test data (Table 1); and 2) the history form, which contained
all of the information provided on the test form as well as
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TABLE 1
Sample test form

TABLE 2
Sample history form

Patient accession number = 1

Monitoring urine

% Urine sugars <2% 57
% Urine sugars 2-6% 28
% Urine sugars >6% 14
(Based on 7 tests)

% Urine ketones negative 100
% Urine ketones small 0
% Urine ketones moderate 0
% Urine ketones large 0
(Based on 9 tests)

Lab values

Fasting blood glucose 117 mg/dl
Triglycerides 56 mg/dl
Total cholesterol 156 mg/dl

HbA, 14.1

Monitoring blood

Mean fasting blood glucose 152
Mean prelunch blood glucose 194
Mean predinner blood glucose 196
Mean prebed blood glucose 90
(Based on 18 Chemstrips)

Please circle level of control

1 = Poor
2 = Fair
3 = Good
4 = Excellent

Estimated control rating = 5.2754 + 0.0034(57) + 0.0038(100) - 0.0013
(152) - 0.2663 (14.1) = 1.9

other descriptive data typically available to diabetologists
(Table 2).

Diabetologist raters. There were 17 diabetologist raters, 9
from institution 1 (University of Florida Medical Center)
and 8 from institution 2 (University of South Florida Medical
Center, Tampa, Florida). The raters consisted of 5 pediatric
endocrinologists (4 were board certified), 7 fellows in pedia-
tric endocrinology, 1 physician assistant, 2 nurses, 1 diabetes
educator, and 1 clinical social worker. All had extensive
experience working with youngsters who have diabetes.

Procedure. Each rater received a packet of 125 anonymous
profiles on each of two separate occasions ~1 wk apart. Nine
of the raters received the history forms first, whereas the
remaining eight raters received the test forms first, to control
for order effects. Data from the same 100 campers were used
to generate both the history form and test form packets.
Within each packet, the 100 profiles were randomly ordered,
and 25 profiles were repeated to assess intrarater reliability.

Raters were told that the packets contained profiles of
actual cases and were instructed to rate each profile as to
level of diabetes control on a four-point scale (1 = poor,
2 = fair, 3 = good, 4 = excellent). They were provided

Patient accession number = 1

History

Patient age
Duration of diabetes
Number of hospitalizations

in last year (diabetes-related)

Insulin

a.m. dose
p.m. dose
Who usually injects

Demographics

Marital status of parents
Socioeconomic status
Sex of patient
Race of patient
Age at onset

Monitoring urine

% Urine sugars <2%
% Urine sugars 2-6%
% Urine sugars >6%
(Based on 7 tests)

% Urine ketones negative
% Urine ketones small
% Urine ketones moderate
% Urine ketones large
(Based on 9 tests)

Physical

Height percentile
Weight percentile

Reactions in 6 mo

Hyperglycemic reactions
Hypoglycemic reactions

School

Typical grade at school
Has child failed a grade?
School days missed in last yr
Are days missed due to diabetes

Monitoring blood

Mean fasting blood glucose
Mean prelunch blood glucose
Mean predinner blood glucose
Mean prebed blood glucose
(Based on 18 Chemstrips)

Lab values

Fasting blood glucose
Triglycerides
Total cholesterol
HbA,

Please circle level of control

1 = Poor
2 = Fair
3 = Good
4 = Excellent

12 yr
2yr
2

22 NPH 0 R
24 NPH 0 R
Child

Divorced
$10-$20,000
Female
Black
10 yr

57
28
14

100
0
0
0

46
54

0/6 mo
1-5/6 mo

A
No

7
Yes

152
194
196
90

117 mg/dl
56 mg/dl

156 mg/dl
14.1
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TABLE 3
Diabetologists' control ratings of youngsters with and without insulin re-
actions, illness episodes, and extra insulin administration at camp and noc-
turia, enuresis, and excessive thirst at home

At camp
Insulin reaction
Illness episode
Extra insulin

At home
Nocturia
Enuresis
Thirst

Yes

2.42
2.08
1.59

2.0
1.79
2.02

No

2.09
2.36
2.39

2.45
2.28
2.54

P

<.O3
<.08
<.0001

<.OO4
<.O9
<.0009

Data were analyzed with t tests.

with reference ranges for all of the laboratory values. Raters
were unaware that the two packets contained data from the
same 100 youngsters and were unaware of the duplication of
25 profiles within each packet.

RESULTS

Study 1
Intrarater and interrater reliability. Intrarater reliability or con-
sistency was assessed based on the 32 repeated camper pro-
files. One rater demonstrated unsatisfactory reliability and
was not included in subsequent analyses. Mean intrarater
reliability for the six remaining raters was .83 (range .73—
.90) with Spearman's rank correlation coefficient (13) and
.67 (range .63-.73) with the K-coefficient (14) (which takes
chance agreement into account). Agreement between the
six raters was also good {W = .72) with Kendall's coefficient
of concordance (13). The reliability of each camper's mean
control rating, which was based on the average of the six
diabetologists' ratings, was excellent (r' = .93) (15).

Influence of diabetes control indices on rater judgments. Hb A ]
showed the strongest relationship to the mean rating assigned
by the six diabetologists (r = .80), whereas ketones in the
urine showed the weakest (r = .43 for percent of urine tests
negative for ketones). With multiple regression (16), the
four indices of control (HbA1( mean fasting blood glucose,
percent of urine test results <2% glucose, and percent of
urine test results negative for ketones) were used to predict
the diabetologists' mean control ratings. All four indices con-
tributed significantly to the equation [R2 = .90, F(4,74) =
174, P < .0001]. Although HbA! showed the strongest pre-
dictive power, this index of diabetes control was not used
exclusively by the raters. HbA, accounted for 64% of the
variance in the diabetologists' ratings, and use of all four
diabetes control parameters increased the variance accounted
for to 90%.

Validity. Data obtained from the youngsters' camp records
were used as a preliminary validity test of the diabetologists'
mean control ratings. Youngsters who did or did not have
insulin reactions, illness episodes, or extra insulin adminis-

tered at camp were compared with t tests (Table 3). Those
who were ill at camp and required extra insulin were in
poorer diabetic control, as estimated by the diabetologists'
ratings. However, youngsters who had insulin reactions were
in better diabetic control.

Parent reports of at-home occurrence of nocturia, enure-
sis, and excessive thirst were analyzed similarly (Table 3).
Youngsters with reported nocturia, enuresis, or excessive thirst
were all judged to be in poorer diabetic control.

The relationship between each camper's duration of dia-
betes and level of diabetes control may also be considered a
validity test, because patients with longer disease duration
are often in poorer control. Diabetes duration correlated sig-
nificantly (r = - . 4 7 , P < .001) with the diabetologists'
mean control ratings. Recall that the diabetologists were not
given any of this information when making their control
ratings.

Study 2
Intrarater reliability. Intrarater reliability or consistency was
calculated for each rater based on the 25 repeated profiles,
with both the K-coefficient (14) and Spearman's rank cor-
relation coefficient (13). These data are presented in Table
4- No differences in reliability were found between the phy-
sician and nonphysician raters. An analysis of variance was
used to test the effect of institution, form, and order of form
presentation on intrarater reliability. There was a significant
main effect for form with the K-coefficient; the test form was
more reliable than the history form [F(l, 13) = 6.92, P <
.02]. All other main effects and interactions were not sig-
nificant.

Interrater reliability. Interrater reliability or agreement was
examined in several ways. As is apparent from Table 5, most
youngsters received control ratings by all 17 diabetologists
within a range of one on the four-point scale used for judging
diabetic control. Standard deviations of the control ratings
were uniformly low, further attesting to the high agreement
between raters. Finally, the reliability of each youngster's
mean control rating, which was based on the average of the
raters' judgments, was assessed with r' (15). These data sug-
gest that the mean of the diabetologists' ratings is a highly
reliable estimate of a patient's level of diabetic control.

TABLE 4
Intrarater reliability by institution and form

Measures or
intrarater
reliability

K-Coefficients
Mean
Range

Spearman correlations
Mean
Range

Institution 1

Test
form

.74
.57-89

.88
.72-. 98

History
form

.58
.36-. 78

.82
.56-. 94

Institution 2

Test
form

.78
.57-1.0

.91
.79-1.0

History
form

.69
.49-. 79

.86
.66-. 99
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TABLE 5
Interrater reliability by institution and form

Measures of
interrater
reliability

Ratings within range
of one (%)

Standard deviation from
the mean

r'

Institution 1

Test
form

74

0.25
.95

History
form

69

0.22
.95

Institution 2

Test
form

79

0.22
.95

History
form

79

0.20
.94

Inspection of the results presented in Table 5 indicates
similarity between institutions and forms on all measures of
interrater reliability. Although interrater reliability was ex-
cellent for the sample as a whole, reliability could differ for
youngsters at various levels of control. To test this hypoth-
esis, the sample was divided into the top 25%, middle 50%,
and bottom 25% by use of the mean of all 17 diabetologists'
ratings on the test form. Interrater reliability measures pre-
sented in Table 5 were then examined for each of the three
subgroups. More ratings of youngsters in the poorest control
group were within a range of one on the four-point rating
scale (\2 = 30.63, P < .001, with the x2-test of significance).
Similarly, the average standard deviation of the 17 diabe-
tologists' ratings was lowest for youngsters in the poorest
control group (x2 = 31.57, P < .0001, with Kruskal-Wallis'
one-way analysis of variance). However, the r' measure was
higher for youngsters in the average and top control groups,
although the r' differences between subgroups were statisti-
cally nonsignificant.

Institutional agreement. The similarity between ratings done
at the two different institutions was explored with a forward
stepwise linear regression procedure to assess which variables
contributed most to control ratings made in each setting (16).
Information provided to the raters served as the predictor
variables in the models (see Tables 1 and 2). The mean of
the diabetologists' control ratings for each youngster served
as the dependent variable. In this analysis, the best single
predictor variable is selected first. Additional variables are
added to the prediction equation only if they significantly
enhance the equation's predictive power. The results are
given in Table 6. For both forms and at both institutions,
HbA, influenced diabetologists' ratings more than any other
single variable, accounting for 74-85% of the variance. How-
ever, HbA! was not used exclusively by the raters because
other variables contributed significantly to the prediction
equations, enhancing their predictive power to account for
84-91% of the variance. On the test form, urine sugar and
urine ketone test data influenced ratings at both institutions.
Raters at institution 1 were also influenced by fasting blood
glucose data obtained by Chemstrip, whereas raters at insti-
tution 2 were influenced by the total cholesterol and fasting
blood glucose laboratory test results. On the history form, in
addition to HbA,, raters at both institutions were influenced

by the child's age and the number of parent-reported hos-
pitalizations in the last year. Raters at institution 1 also
considered the urine glucose and fasting blood glucose (by
Chemstrip) results, whereas raters at institution 2 considered
fasting blood glucose (by laboratory test) and total cholesterol
values.

The prediction equations developed with the forward step-
wise procedure were able to accurately predict or simulate
the mean of the diabetologists' ratings at both institutions.
However, somewhat better predictive power resulted when
test form rather than history form data were used.

Although there were some differences between institutions
as to which variables influenced the diabetologists' ratings,
their similarity is far more notable. As a further test of in-
stitutional agreement, a general linear model procedure
was used in which predictor variables identified by the step-
wise procedure at one institution were used to predict each
patient's mean diabetologists' rating at the other institution
(16). The results were R2 values of .86 (for the equation of
institution 1 predicting institution 2 diabetologists' ratings)
and .81 (for the equation of institution 2 predicting insti-
tution 1 diabetologists' ratings). These results clearly confirm
the similarity of control ratings by diabetologists practicing
at two different institutions.

Mathematical simulation of diabetologists' judgments. Due to
the high reliability of the diabetologists' ratings and the sim-
ilarity of judgments made at the two different institutions,

TABLE 6
Results of forward stepwise selection procedure by institution and form

Test form
Institution 1

HbA,
Mean fasting blood glucose (Chemstrip)
Urine tests with <2% sugar (%)
Urine tests negative for ketones (%)

Institution 2
HbA,
Fasting blood glucose (lab test)
Urine tests with <2% sugar (%)
Urine tests negative for ketones (%)
Total cholesterol

History form
Institution 1

HbA,
Urine tests with <2% sugar (%)
No. of hospitalizations
Mean fasting blood glucose (Chemstrip)
Age

Institution 2
HbA,
Fasting blood glucose (lab test)
No. of hospitalizations
Total cholesterol
Age

P

<.0001
<.0001
<.0002
<.0009

<.0001
<.0001
<.003
<.007
<.01

<.0001
<.000l
<.0002
<.001
<.02

<.0001
<.0008
<.0001
<.005
<.03

Rl

.74

.82

.84

.86

.88

.89

.92

.90

.91

.72

.77

.81

.8.3

.84

.84

.89

.87

.90

.90
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<.0001
<.0001
<.0005
<.0009

.83

.88

.89

.91

TABLE 7
Results of forward stepwise selection procedure for all raters with test form
data only

P R1

HbA,
Mean fasting blood glucose (Chemstrip)
Urine tests with <2% sugar (%)
Urine tests negative for ketones (%)

ratings from both institutions were combined in an effort to
develop a mathematical formula that would accurately sim-
ulate the diabetologists' judgments. Only test form, rather
than history form, data were used because they had evidenced
greater reliability and predictive power.

A forward stepwise selection procedure was again used to
identify which variables best predicted the mean of all 17
diabetologists' ratings (16). The results are given in Table
7. Four variables contributed significantly to the model: HbA1(

urine glucose test results, urine ketone test results, and fasting
blood glucose level as measured by Chemstrip. The resulting
prediction equation showed excellent capability of simulating
the diabetologists' judgments, accounting for 91% of the
variance. These results replicate findings from study 1, in
which the same variables were identified as significant pre-
dictors of diabetologists' ratings and were able to account for
90% of the variance.

The predictive power of any mathematical equation de-
veloped with one set of data may be reduced when it is applied
to a second, independent set of data. Consequently, the
utility of any mathematical equation used to simulate dia-
betologists' judgments is open to question until its predictive
accuracy is cross-validated or replicated with a second sample
of subjects. To test the robustness of the mathematical pre-
diction equation developed in our investigation, patient pro-
files used in study 1 were used for cross-validation. First, a
general linear model procedure was used in which the four
variables identified by the forward stepwise selection pro-
cedure served as predictor variables and the mean of the
17 diabetologists' ratings served as the dependent variable.
The following equation resulted: estimated control rating =
5.2754 + (0.0034) (% urine tests with <2% sugar) + (0.0038)
(% urine tests negative for ketones) — (0.0013) (mean fast-
ing blood glucose by Chemstrip) - (0.2663) (HbA^. An
example of the use of this equation to estimate the diabe-
tologists' control rating is given in Table 1. As expected,
this equation was able to accurately simulate the mean of
the diabetes control ratings made by the 17 diabetologists
(R2 = .90). More important, when the prediction equation
was applied to the completely different sample of 79 patients
from study 1 (from whom complete data were available), the
equation again accurately simulated the diabetologists' judg-
ments (R2 = .85). The cross-validation of the equation's
predictive power offers further support for its use as a viable
method of mathematically simulating diabetologists' judg-
ments of diabetic control.

DISCUSSION

The results of study 1 suggest that diabetologists can
make reliable judgments about patients' diabetic
control when presented with several different in-
dicators of the patients' health status (i.e., HbAb

mean fasting blood sugar, urine glucose, and ketone test
results over a 2-wk period). Six of the seven raters who
participated in the study demonstrated adequate intra- and
interrater reliability. HbA[ was the parameter that most strongly
influenced the diabetologists' control ratings. This is consis-
tent with the general acceptance of glycosylated hemoglobin
as the best single index of diabetes control. However, the
diabetologists did not appear to base their ratings exclusively
on the patients' HbA, values.

Although study 1 was designed to test whether diabetol-
ogists can reliably rate patients' diabetes control, some pre-
liminary validity data were collected. These data were nec-
essarily crude because they were obtained from camp records
and parental reports. Nevertheless, the diabetologists' con-
trol ratings were related in a logically consistent fashion to
a number of variables presumed to be related to diabetes
control and not used by the diabetologists when making their
judgments. Youngsters with longer disease duration, those
who were ill at camp and required extra insulin, and patients
with reported nocturia, enuresis, or excessive thirst at home
were given poorer diabetes control ratings. In contrast, in-
sulin reactions at camp were characteristic of campers given
ratings indicative of better diabetic control. The increased
exercise at camp may have significantly lowered youngsters'
usual blood glucose levels, inducing insulin reactions in the
better controlled campers.

Study 1 had several limitations. First, because all of the
raters worked at the same institution, they may have devel-
oped an unwritten consensus of what "excellent" or "poor"
diabetes control means. It was also unclear whether the raters
would have been as reliable if other data about the children
had been provided (e.g., age, duration of diabetes, compli-
ance with various treatment tasks, general adjustment, school
attendance, and record of hospitalizations), as is typically
the case in the clinical situation. By asking the raters to make
their diabetes control ratings solely on the basis of very spe-
cific laboratory or patient-conducted tests, any possible con-
fusion between diabetes control and other variables of interest
to the diabetologists (e.g., compliance, general adjustment,
and complications) was eliminated. In this study, diabetes
control was kept conceptually distinct from other aspects of
diabetes management, such as compliance. This tactic may
have enhanced the reliability of the diabetologists' ratings.

Study 2 was designed to assess whether interrater reliability
of diabetologists' control ratings is higher within than be-
tween institutions. In addition, the type and amount of data
presented were varied to assess its impact on judgment re-
liability. In study 1 a multiple regression equation was derived
that accurately predicted the diabetologists' judgments, ac-
counting for 90% of the variance. This suggested that it may
be feasible to derive a mathematical formula that would ac-
curately simulate diabetologists' control ratings, eliminating
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the necessity of obtaining ratings of diabetes control from
multiple diabetologists and permitting investigators to use
the same method of estimating diabetes control when con-
ducting studies at different institutions. Study 2 explored this
possibility further.

As in study 1, diabetologists in study 2 showed good con-
sistency, both within themselves and with each other, when
rating patients' diabetic control. The more limited data pre-
sented on the test form yielded somewhat more reliable re-
sults. The additional information available on the history
form may have confused raters. Raters mentioned, for ex-
ample, that they were sometimes swayed by school attend-
ance records or some other piece of information on the history
form that was discrepant with the laboratory or self-moni-
toring test data presented. In such instances, purely physical
or biochemical indices of diabetic control were compounded
with behavioral indicators of patient functioning (e.g., school
attendance). Although social functioning may be related to
diabetic control, social functioning and diabetic control are
not equivalent characteristics of the patient.

When measures of interrater reliability were examined for
the 25 youngsters given the poorest control ratings, the 50
youngsters given average control ratings, and the 25 young-
sters given the best control ratings, inconsistent findings
emerged. For two of the measures (percent of ratings within
a range of 1 and the average standard deviation of the dia-
betologists' ratings), the diabetologists evidenced the highest
agreement when rating youngsters in poorest diabetic con-
trol. In contrast, the r' measure suggested the reverse trend;
r' was lowest for ratings of youngsters in the poorest control
group.

In study 2 there was no evidence of an "institutional con-
sensus" effect, in which raters were more reliable within than
between institutions. In fact, agreement between institutions
was so good that a mathematical prediction equation devel-
oped at one institution could accurately simulate diabetol-
ogists' ratings at the other institution.

Raters at both institutions relied primarily on HbAj when
making their ratings; however, it was not used exclusively.
On the test form, both institutions also used urine test data
(glucose and ketones) and fasting blood glucose information
(as measured by Chemstrip for institution 1 and by laboratory
test for institution 2). The influence of the cholesterol lab-
oratory test results on institution 2 ratings but not on insti-
tution 1 ratings was the only clear discrepancy in the use of
test form information by the two institutions.

The high intrarater and interrater reliability of the raters'
judgments suggested that mathematical simulation of these
judgments might be possible. In most settings, it may be
impractical to have several diabetologists rate each patient's
level of diabetic control based on laboratory and self-moni-
toring test data alone. Mathematical simulation of these judg-
ments would eliminate rater bias effects that may occur when
the physician is familiar with many other characteristics of
the patient (e.g., attitudes, compliance, and social func-
tioning). To provide a measure of diabetic control that is
unbiased and independent of the behavioral or social func-

tioning of the patient would permit more objective study of
the relationship between compliance, or other aspects of
patient behavior, and diabetic control. Similarly, the rela-
tionship between diabetic control and other outcomes, such
as complications, could be more objectively investigated.
Perhaps of greatest importance, the development of a math-
ematical formula to accurately simulate diabetologists' judg-
ments would permit comparable measures of control across
investigators and settings. We were encouraged by the ex-
cellent results obtained in our efforts to develop such a pre-
diction equation. This equation accurately simulated the dia-
betologists' ratings in study 2. Its robustness was further
demonstrated with a cross-validation sample of 79 cases from
study 1.

The primary purpose of studies 1 and 2 was to test the
reliability of diabetologists' ratings of diabetic control and,
if possible, to develop a mathematical prediction equation
that would accurately simulate the diabetologists' judgments.
This was accomplished. Although reliability is a necessary
prerequisite for validity, reliability per se does not guarantee
validity. Some validity data were presented in study 1 sug-
gesting that the diabetologists' ratings were not only reliable
but were valid. However, additional validation studies are
needed.

Some may take issue with the specific information pre-
sented to the diabetologist raters in study 1 and study 2.
Selection was based on the information typically obtained at
the two institutions studied. Investigators from different clin-
ical settings may prefer different or additional types of in-
formation. Whether additional or different information would
enhance the reliability and validity of diabetologists' ratings
is an empirical question that could be tested in future in-
vestigations with the methodology described here.

ACKNOWLEDGMENTS: We thank the following diabetologists who
served as raters in the study: Richard Banks, MD, Anne
Cimador, RN, Darrel Clarke, MD, John Duncan, MD, Nancy
Grove, RN, Ron Kanter, MD, Michael Kappy, MD, PhD,
Carole Knuth, PA, Martha McCallum, RN, Noel McLaren,
MD, William Riley, MD, Dorothy Schulman, MD, Sharish
Shah, MD, Helaine Shatanoff-Sole, MSW, Rebecca Spillar,
MA, William Winter, MD, and Nellie Wolff, MD.

This work was supported by Grant R01-HD-13820 from
the National Institute of Child Health and Human Devel-
opment and Grant K04-HD-00686 from the National Insti-
tute of Arthritis, Diabetes, and Digestive and Kidney Diseases
and by contracts from the Department of Health and Rehabil-
itative Services of the State of Florida for Regional Diabetes
Programs for Children and Youth (Children's Medical Ser-
vices) and Diabetes Research Education and Treatment Cen-
ters at the Universities of Florida and South Florida.

From the Departments of Clinical Psychology, Psychiatry, Pe-
diatrics, and Statistics, University of Florida, Gainesville, and the
Department of Pediatrics, University of South Florida, Tampa,
Florida.

DIABETES CARE, VOL. 10 NO. 2, MARCH-APRIL 1987 223

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/10/2/217/437978/10-2-217.pdf by guest on 19 M

ay 2023



JUDGMENTS OF DIABETIC CONTROL/M. SPEVACK AND ASSOCIATES

Address correspondence and reprint requests to Suzanne B.
Johnson, PhD, Department of Psychiatry, Box J-234, J. Hillis
Miller Health Center, Gainesville, FL 32610.

REFERENCES
1. Keiding N, Root HF, Marble A: Importance of control of di-

abetes in prevention of vascular complications. JAMA 150:964—
69, 1952

2. Stone D: A study of the incidence and causes of poor control
in patients with diabetes mellitus. Am J Med Sci 241:436-42,
1961

3. Lowery B, DuCette J: Disease-related learning and disease con-
trol in diabetes as a function of locus of control. Nurs Res
25:358-62, 1976

4. Gonen B, Rubenstein AH: Glycosylated hemoglobin in dia-
betes: a reappraisal. Diabetes Care 2:451-52, 1979

5. Tietz W, Vidmar J: The impact of coping styles on the control
of juvenile diabetes. Psychiatry Med 3:67-73, 1972

6. Dixon K, Exon P, Malens J: Insulin antibodies and the control
of juvenile diabetes. Q ] Med 44:543-53, 1972

7. Jackson R, Hardin R, Walker G, Hendricks A, Kelly H: De-
generative changes in young diabetic patients in relationship
to level of control. Pediatrics 5:959-71, 1950

8. Anderson R, Gunter L, Kennedy E: Evaluation of clinical,
cultural and psychosomatic influences in the teaching and man-
agement of diabetic patients. Am 7 Med Sci 245:74-82, 1963

9. White P: The child with diabetes. Med Clin N Am 49:1069-
79, 1965

10. Williams T, Martin D, Hogan M, Watkins J, Ellis E: The
clinical picture of diabetic control studies in four settings. Am
] Public Health 57:441-51, 1967

11. Winter R, Stone N, Wise J, Traisman H, Green O: Standard
parameters of diabetic control: are they reliable? Diabetes Care
2:336-41, 1979

12. Allen D, Tennen H, McGrade B, Affleck G, Ratzan S: Parent
and child perceptions of the management of juvenile diabetes.
] Pediatr Psychol 8:129-41, 1983

13. Siegel S: Nonparametric Statistics for the Behavioral Sciences. New
York, McGraw-Hill, 1956

14. Cicchetti D, Sparrow S: Developing criteria for establishing
interrater reliability of specific items: applications to assessment
of adaptive behavior. Am J Mem Defic 86:127-37, 1981

15. Winer BJ: Statistical Principles in Experimental Design. New York,
McGraw-Hill, 1971

16. SAS Institute: SAS User's Guide: Statistics. Cary, NC, SAS
Inst., 1982

224 DIABETES CARE, VOL. 10 NO. 2, MARCH-APRIL 1987

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/10/2/217/437978/10-2-217.pdf by guest on 19 M

ay 2023




