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Abstract. There is no recent study on the prevalence of overweight and obesity in patients with type 1
diabetes mellitus (T1DM) in Japan. Being overweight has a significant effect on the metabolic
condition and glycemic control of such patients. In the present cross-sectional study, we investigated
the effects of body mass index (BMI) on lipid profile, blood pressure, and glycemic control in patients
with TIDM. In total, 1486 patients with TIDM (including 401 patients with early onset TIDM who
were <20 years of age at diagnosis) were included. Patients were divided into four groups according to
their BMI, and glycosylated hemoglobin (HbAlc), daily insulin dose per kg body weight, lipid profile,
and blood pressure were compared between groups. We found that 15.7% of all patients were
overweight (BMI >25.0 kg/m?) and 2.0% were obese (BMI >30.0 kg/m?), compared with 17.5% and
2.0%, respectively, in the early onset TIDM subgroup. Significant changes in lipid profiles and blood
pressure were found with increasing BMI in both the entire population and the early onset TIDM
subgroup. In the entire study population HbAlc and the body weight-adjusted daily insulin dose were
significantly higher in patients with a BMI >23 kg/rn2 compared with those with a BMI <23 kg/mz;
however, this was not the case in the early onset TIDM subgroup. This difference may be due to the
relatively small number of patients in that subgroup. In conclusion, the prevalence of overweight and
obesity in patients with T1DM was less than that in the normal Japanese population. For patients with
T1DM, being overweight was associated with higher blood pressure and dyslipidemia. Furthermore,
we cannot exclude an association between being overweight and the need for higher daily doses of
insulin.
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CLASSICALLY, diabetes mellitus has been categorized into types 1 and 2. Type 1
diabetes mellitus (T1DM) was considered an autoimmune disorder of childhood,
characterized by acute onset, ketoacidosis, and insulin dependency. Conversely, type 2
diabetes mellitus (T2DM), typically diagnosed in middle-aged patients, was considered a
metabolic disorder with a slow onset, for which insulin treatment was not always required.
However, in recent years, the characteristics of TIDM and T2DM seem to have changed.
Now, more than half the patients with TIDM present in adulthood (i.e. slow onset) and
many do not develop acidosis or require insulin treatment until much later [1, 2]. At the
same time, T2DM is being diagnosed more frequently in teenagers [3]. These patients
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sometimes become ketoacidotic [4, 5] and insulin dependency often ensues. The
accelerator hypothesis, proposed in 2001, states that TIDM and T2DM are, in most
respects, the same and can be distinguished only by the rate of B-cell loss and the
accelerator responsible [6]. Furthermore, some patients may present with disease
processes of both TIDM and T2DM, or develop them sequentially over time, which has
been termed ‘double diabetes’ [7, §].

The prevalence of overweight and obesity has increased in the US and Europe, as
well as in Asian countries, such as Japan. Metabolic syndrome occurs in both nondiabetic
subjects and patients with T2DM. It is a cluster of metabolically related cardiovascular
risk factors, the core components of which comprise central obesity, insulin resistance,
dyslipidemia, and hypertension [9—11]. There are multiple definitions of metabolic
syndrome [12-14], with the most recent one being provided in the consensus statement
issued by the International Diabetes Federation [15]. The presence of increased insulin
resistance appears to be central to the development of metabolic syndrome. Insulin
resistance is common in obesity [16], and hyperglycemia resulting from insulin resistance
induces B-cell insufficiency [6]. Excessive weight gain or obesity in infancy may be
associated with a higher risk of TIDM in children [17]. Although obesity is not generally
considered a typical feature of TIDM, it has a similar prevalence in individuals with
T1DM to that of the general population.

Furthermore, the intensive insulin therapy required to obtain good glycemic control
and to reduce diabetic complications is itself associated with weight gain, unless it is
complemented by appropriate diet therapy [18, 19]. This raises the question of how to
balance the need for increasing insulin doses to maintain good glycemic control against
possible weight gain, because central obesity is associated not only with insulin resistance,
but also with dyslipidemia and hypertension, both of which are core components of
metabolic syndrome. Thus, the aim of the present study was to investigate whether body
mass index (BMI) has any effect on the core components of metabolic syndrome,
including lipid profile, blood pressure, and glycemic control, in patients with TIDM in
Japan.

Materials and Methods

Research design and methods

The present cross-sectional study used data obtained in 2005 from 1486 patients (645
men and 841 women) with T1DM, aged between 16 and 90 years. TIDM was diagnosed
on the basis of permanent insulinopenia and being either prone to the development of
ketosis (idiopathic TIDM) or positive for markers of autoimmune destruction, such as
glutamic acid decarboxylase (immune-mediated T1DM). This definition of TIDM is in
accordance with that of the Committee of the Japan Diabetes Society on the Classification
and Diagnostic Criteria of Diabetes Mellitus [20], with the diagnosis criteria almost
identical to those proposed by the World Health Organization (WHO) [21]. In the present
study, data from 401 patients who were <20 years of age at the time of diagnosis of
presumed T1DM were analyzed separately, as the early onset subgroup. Any patients with
a primary or subsequent diagnosis of T2DM were excluded from the study. Patients were
recruited at clinics and hospitals that belonged to the Japan Diabetes Clinical Data
Management Study Group (JDDM; see Appendix I). Clinical data were standardized and
saved using CoDiC software, as described previously [22]. Data were collected at the
central analytical facility, where the information was treated anonymously and
subsequently analyzed using JMP software (SAS Institute, Cary, NC, USA) [23]. The
JDDM operates as an intermediate organization under the supervision of the central
analytical facility and an ethics committee.
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Informed consent was obtained from all patients at each institute prior to their
participation in the study, in accordance with the Guidelines for Epidemiological Studies
in Japan.

BMI and patient groups

Weight and height were measured using standardized techniques and equipment, with
BMI calculated as weight (kg) divided by height squared (m?”). Overweight and obesity
were defined as BMI >25.0 and >30.0 kg/m?, respectively. These definitions are consistent
with those of the WHO [24]. Patients were subdivided into four groups on the basis of
their BMI as follows: (i) group 1, BMI <23.0 kg/m?; (ii) group 2, 23.0 kg/m’<BMI<25.0
kg/m?; (iii) group 3, 25 kg/m’<BMI<27.0 kg/m?; and (iv) group 4, BMI >27.0 kg/m’.
Because of the small number of patients in the present study defined_as obese, we did not
include a separate group with BMI >30.0 kg/m? for analysis.

Measurement and standardization of data

The daily dose of insulin was normalized against body weight (U/kg body weight).
Blood pressure was measured using standard techniques. Glycosylated hemoglobin
(HbAlc) was measured by high-performance liquid chromatography, with the normal
range defined as 4.3%-5.8%. Serum concentrations of cholesterol, triglyceride, and
high-density lipoprotein (HDL) cholesterol were determined using standard techniques.
The measurement of all parameters assessed in the present study was standardized across
all institutions.

Statistical analysis

Statistical analyses were performed using JMP software. Triglyceride concentrations
were converted to natural logarithms for analysis and are expressed as the median with
interquartile ranges. Differences between groups were assessed by analysis of variance
(ANOVA), followed by the Tukey-Kramer honestly significant different test for multiple
comparisons with a total significance level of 5%. To assess the strength and
independence of associations between either HbAlc or BMI as objective variables and
other parameters as explanatory variables, multiple regression analysis was performed and
standard regression coefficients with P values were calculated. All data, other than
triglyceride concentrations, are expressed as the mean £ SD. P < 0.05 was considered
significant.

Results

Prevalence of overweight and obese individuals

In the present study, 15.7% of all individuals (15.7% of men and 15.5% of women)
were overweight (including those who were obese); 2.0% of individuals (1.7% of men and
2.0% of women) were obese. In the early onset subgroup of patients with TIDM, 17.5%
of patients (20.8% of men and 15.5% of women) were overweight and 2.0% of patients
(2.7% of men and 1.6% of women) were obese.

Association between BMI or HbAlc and daily insulin dose, lipid profile, and blood
pressure in the study cohort

Table 1a summarizes the clinical characteristics of patients in each of the four BMI
groups. Mean HbAlc was significantly higher in group 2 compared with that in group 1
(7.96 £ 1.58% vs. 7.68 = 1.57%, respectively). Mean daily insulin doses, total cholesterol,
systolic blood pressure (SBP), and triglyceride levels (median natural log) were
significantly higher in groups 24 compared with group 1. Mean HDL cholesterol
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concentrations were significantly lower, whereas diastolic blood pressure (DBP) was
significantly higher, in groups 3 and 4 compared with group 1. There were no significant
differences in casual plasma glucose concentrations between the four groups.

Table 1b summarizes the results of multiple linear regression analysis. A positive
correlation was found between BMI and natural log triglyceride concentrations, SBP, total
cholesterol concentrations, and HbAlc. However, BMI was found to be negatively
correlated with age and HDL cholesterol concentrations. Positive correlations were found
between HbAlc and casual plasma glucose, total cholesterol, daily insulin doses, and
natural log triglyceride concentrations, whereas female sex was negatively correlated with
HbAlc.

Association between BMI or HbAlc and daily insulin dose, lipid profile, and blood
pressure in patients with early onset TIDM

Table 2a summarizes the clinical characteristics of the subgroup of patients with
early onset TIDM according to BMI. The median natural log triglyceride concentration
was significantly higher in group 4 than in groups 1-3. Mean total cholesterol
concentrations and mean SBP were significantly higher in groups 3 and 4 compared with
group 1. The mean HDL cholesterol concentration was significantly lower, whereas mean
DBP was significantly higher, in group 4 compared with group 1. There were no
significant differences in mean HbAlc, daily insulin doses, or casual plasma glucose
concentrations between the four groups.

Results of multiple linear regression analysis are summarized in Table 2b. A positive
correlation was found between BMI and SBP and total cholesterol concentrations.
However, a negative correlation was found between BMI and HDL cholesterol
concentrations. There was a positive correlation between HbAlc and total cholesterol,
casual plasma glucose, daily insulin doses, and female sex.

Discussion

In Japan, the trend over the past 25 years has been for a consistent increase in the
prevalence of overweight men; however, there has been, instead, a decrease in the number
of overweight women in the 20-39 years age group [25]. The National Nutrition Survey of
Japan, conducted in 2001 [25], revealed that 25.1% of men were overweight and 2.9%
were obese, compared with 18.2% and 3.4% of women, respectively. In the US, in 2000,
64.5% of individuals (both men and women) were overweight and 30.5% were obese [26].
In European Union countries, recent estimates indicate that 17.0% of men and 18.8% of
women are obese, compared with 16.5% of men and 30.8% of women in Eastern
European countries [27]. Thus, the prevalence of obesity in the general population in the
US and Europe is higher than in Japan.

Obesity is not generally considered a typical feature of T1DM, but the world-wide
trend towards increased body weight is apparent in these patients. The negative
association between BMI and age in the present study may reflect this trend. In the US, up
to 25.0% of children with TIDM are overweight [28]. In the UK, the prevalence of
obesity is similar in diabetic and nondiabetic children [29]. The prevalence of obesity in
patients with TIDM in Italy is approximately 6.0% [30]. In the present study, the
prevalence of overweight and obesity in patients with TIDM was 15.7% and 2.0%,
respectively, for men and 15.5% and 2.0%, respectively, for women. These rates are less
than those for the general population in Japan [25], as well as less than those reported for
patients with T1DM in the US and Europe.

Of the components of metabolic syndrome investigated in the present study, even
though an association was found for both lipid profile and blood pressure with BMI, only
lipid profile was associated with increasing HbAlc. Although an association has been
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demonstrated between HbAlc levels and both dyslipidemia and hypertension in patients
with T2DM [22]. It has been suggested that metabolic syndrome impacts on advanced
diabetic nephropathy in TIDM [31] and that it is associated with an increase in
cardiovascular risk in T2DM [32]. Further studies are necessary to determine whether
there is an association between dyslipidemia and micro- or macrovascular complications
in patients with TIDM.

On the basis of results of multiple linear regression analysis, in the present study
HbA 1c appears to be associated with casual plasma glucose, the daily insulin dose per kg
body weight, total cholesterol concentration, and female sex in both the entire group and
the early onset subgroup. Multiple linear regression analysis did not indicate a significant
association between BMI and any of these variables, except for total cholesterol, in either
the entire cohort or the early onset subgroup (Table 1b, Table 2b). However, when all
patients with T1IDM were stratified according to BMI, it was found that the daily dose of
insulin per kg body weight was greater in patients with BMI >23 kg/m” (Table 1a). The
results suggest that patients with TIDM may develop insulin resistance that is dependent
on increases in body weight.

The requirement for exogenous insulin in T1DM depends on the insulin sensitivity in
target tissues, regardless of any residual B-cell function. Adolescent girls tend to be less
sensitive to insulin than boys [33]. The finding in the present study that female sex was
significantly correlated with deteriorations in HbAlc levels is consistent with that
previous report (Table 1b,Table 2b). Insulin resistance is a prominent clinical feature of
obesity in children and adults [16], as well as in patients with T2DM. In the present study,
for the entire group, a higher BMI (even within the normal range) was associated with
higher insulin doses and deteriorating HbAlc levels (Table la). Nevertheless, the
possibility cannot be excluded that the small number of subjects in the early onset
subgroup may have prevented some differences from reaching significance (Table 2a).
Another factor in the development of insulin resistance may be hyperglycemia itself. In
patients with T1DM, the action of insulin is reduced following a 24-hour period of
hyperglycemia compared with that following a 24-hour period of euglycemia, suggesting
that the antecedent hyperglycemia results in insulin resistance [34].

Eventually, not only hyperglycemia, but also insulin resistance may promote the
development of micro- and macrovascular complications in TIDM [35-37]. In the present
study, increased doses of insulin used to improve glycemic control may have caused slight
weight gain in patients with TIDM (Table 1a). Increasing doses of insulin, when needed,
to improve glycemic control may prevent the development of micro- and macrovascular
complications of hyperglycemia. Further studies are needed to determine whether
increasing insulin doses to improve glycemic control will result in excessive weight gain
in patients with T1DM over a prolonged period.

In conclusion, in the present study of Japanese patients with TIDM, 15% were found
to be overweight and 2% were found to be obese. These rates are less than those for the
normal population in Japan, as well as less than those reported for patients with TIDM in
the US and Europe. In our study population, being overweight was associated with higher
blood pressure and dyslipidemia. In patients with TIDM, such metabolic changes may
begin to develop even in those patients with a normal BMI. The possibility of a positive
association between overweight and increased insulin doses cannot be excluded.
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