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Abstract
Objectives—Diabetes mellitus and obesity are prevalent in the Hispanic community. This group
has not benefited greatly from diabetes interventions due to cultural, language and financial
constraints. We designed a prospective cohort study to determine the clinical impact on adiposity
and glycemic control in Hispanics with type 2 diabetes.

Research design and methods—The program conducted in Spanish by a multidisciplinary
team of health care providers focused on improving glycemic control and complications through
cultural lifestyle changes. Outcomes were changes in glycemic control by fasting insulin, glucose
and HbA1c, body composition and selected adipokines, adiponectin, leptin and ghrelin. Body
composition was measured by dual energy x-ray absorptiometry. Changes from baseline at three
months were compared using paired t-tests and with Spearman’s correlations.

Results—Glycemic control improved by HbA1c (7.9% ± 2.0% vs 7.1% ± 1.7%; P = <0.001),
and fasting glucose (166.4 ± 66.0 mg/dl vs 143.2 ± 57.9 mg/dl; P = 0.003). Body weight (81.3 ±
17.9 kg vs 80.3 ± 18.0 kg; P = 0.002), waist circumference (101.6 ± 13.4 cm vs 99.1 ± 12.7 cm; P
= 0.015), and truncal fat (16.5 ± 5.7 kg vs 15.9 ± 5.6 kg; P = 0.001) decreased. Only leptin (19.6 ±
15.0 ng/ml vs 16.3 ± 12.7 ng/ml; P = 0.002) was reduced and related to change in body weight (r
= 0.392; P = 0.022).

Conclusions—Our program significantly improved glycemic control and decreased obesity in
diabetic Hispanic subjects. The early benefits on glycemic control may be related to reductions in
leptin through loss of adipose tissue. Success in impacting diabetes and related complications can
occur in a culturally focused and multidisciplinary context.
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Introduction
Previous studies have not evaluated the effects of diabetes education programs on the
complex body composition changes, changes in adipokines and changes in glycemic control.
The purpose of this study was to determine if a culturally sensitive program for Hispanic
diabetics could improve glycemic control and obesity. Our program is unique because we
assessed the role of body composition changes and the adipokine environment on short term
changes in glycemic control and obesity.

By ‘culturally sensitive’, we mean that in addition to providing the education in their native
Spanish language, we emphasized the foods that are part of their specific culture. For
example, when their diet included tortillas, instead of eating six or more tortillas per meal,
they were advised to eat only 1 or 2 per meal. Also, we included foods like nopales which
are a vegetable made from the young pads of the prickly pear cactus. Nopales are very rich
in insoluble and soluble dietary fiber. They are also rich in vitamins (especially A, C, K,
riboflavin and B6) and minerals (especially magnesium, potassium, manganese, iron and
copper). Nopales are low in carbohydrates and may help in the treatment of diabetes. [1]

The Hispanic population in the United States is particularly burdened with diabetes and its
complications [2]. Approximately 10% of Hispanics aged 20 years or older have been
diagnosed with diabetes as compared with 7.8% of non-Hispanic Whites [2]. Hispanics tend
to have more complications and worse outcomes than non-Hispanic Whites [3–5]. Several
studies show Hispanics also have rates of secondary complications (nephropathy, renal
failure, neuropathy, retinopathy, and peripheral vascular disease) more than twice those
reported for non- Hispanic Whites [6–8].

Hispanics with type 2 diabetes often do not have access to regular medical care, cannot
afford medication, and generally do not have the community infrastructure to support self-
management practices [9–10]. In addition, diabetes education and self-management
programs that address the cultural and language issues in the Hispanic population are not
widely available [11–18]. Diabetes education and support have the potential to impact
diabetes control [19]. In recent years diabetes education and self-management have gained a
significant foothold in the treatment of type 2 diabetes as studies have documented the
benefits of diabetes education and self-management in improving glucose control [20]. It is
imperative that diabetes programs in the Hispanic community address the cultural and
language differences to succeed.

Hispanic populations are particularly prone to develop obesity. Obesity, and in particular
abdominal obesity, is clearly associated with risk of cardiovascular disease and
hyperglycemia in patients with type 2 diabetes. One of the major factors that may improve
glucose control in persons with type 2 diabetes is weight loss. Interventions in the Hispanic
community must be focused on successful weight loss strategies. A recent meta-analysis
Whittemore [21] identified 11 published reports that provided information on culturally
competent diabetes interventions to promote self-management in Hispanic adults with type 2
diabetes. These studies encompassed seven randomized controlled trials, one study used a
matched control group design, and three were pre- /post-test studies. Eight studies reported
improvements in HbA1c concentrations, but none of the four studies that reported body
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mass index (BMI) values showed a significant reduction in BMI or assessed the effect of the
intervention on abdominal obesity.

There are clear links between abdominal obesity, insulin resistance and cardiovascular
disease. Adipose tissue produces several soluble hormone-like substances called adipokines
which regulate glucose metabolism and have effects on blood vessel biology [22].
Specifically, adiponectin and leptin are involved in balancing energy use as well as
influencing a wide range of metabolic effects. Multiple studies have suggested that
adiponectin may both decreases insulin resistance and may have an anti-atherosclerotic
action [23]. Adiponectin is decreased in obesity [24] suggesting that the adverse health
consequences of obesity may be related to reductions in adiponectin. Abdominal body fat
distribution is negatively associated with plasma adiponectin [25].

Leptin is a satiety hormone that acts on the hypothalamus of the central nervous system to
suppress food intake and stimulate energy expenditure to regulate appetite and energy
balance. Recent studies have demonstrated that leptin has a direct effect on insulin release
through effects on β-cell function. Obesity is generally characterized by increased leptin
concentration suggesting that obese subjects are leptin resistant through a chronic low-grade
pro-inflammatory state [26]. The β-cell may be adversely affected by chronic increased
leptin levels eventually leading to diabetes. Weight loss reduces circulating leptin levels
while simultaneously lowering plasma levels of inflammation markers associated with
obesity and therefore decrease the risk of both diabetes and cardiovascular events [27].

Ghrelin is a peptide synthesized predominantly in the epithelial cells lining the stomach
fundus and involved in the stimulation of short-term regulation of feeding and long-term
energy metabolism and hence involved in the regulation of energy balance [28–29]. Low
circulating concentrations of ghrelin are associated with obesity, insulin resistance and type
2 diabetes [30].

Specifically, we investigated the interrelationships of glycemic and adipose parameters with
body weight, abdominal body fat, body composition at baseline and after three months and
examined whether changes in adiponectin, leptin and ghrelin were correlated with changes
in anthropometric measurements, insulin concentrations and glycemic control. There is clear
evidence that Hispanic patients have an increased risk for obesity and diabetes. This risk is
often attributed to changes in the cultural and lifestyle environment.

Research design and methods
This was a prospective three-month uncontrolled intervention pilot study conducted by
Loma Linda University Center for Health Care Disparities and Molecular Medicine, School
of Medicine and the School of Public Health from February through May 2005. The
protocol was approved by the Loma Linda University Institutional Review Board. The study
was designed to determine the feasibility and short-term benefits of a culturally-sensitive
program conducted by a multidisciplinary team in Spanish.

Participants were primary Spanish speaking Hispanic women and men aged 20–75 years
diagnosed previously with type 2 diabetes. Flyers developed specifically for the study and
contact telephone numbers were placed in markets, ambulatory care clinics preferred by
Hispanics, and medical offices serving the San Bernardino/Inland Empire area Hispanic
population. Respondents were initially screened via telephone for inclusion/exclusion
criteria. At personal interviews qualified potential subjects provided brief medical histories,
listing of medications, physical activity, and diet histories. Fifty-nine (n=59) respondents
met the criteria to participate in the study. Forty-four (n=44) subjects were enrolled and
signed consent forms to participate. Ten subjects were lost through attrition.
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Exclusion criteria were pregnancy, lactation, history of drug or alcohol abuse, impaired
mental condition, clinically-relevant history of cardiovascular disease, cardiac pacemaker,
hepatic, neurologic, endocrine, or major systemic disease. Written informed consent in
Spanish was obtained by Spanish-speaking study personnel

The education team consisted of Spanish-speaking registered dietitians, registered nurses,
physicians and nutrition students. The classes were conducted twice a week during the first
month for three weeks. Each session lasted for three hours including a question and answer
period. Study participants’ family members were encouraged to attend the classes.
Instruction focused on maintaining glycemic control and general aspects of managing
diabetes and complications. Topics included: What is Diabetes?, Complications of Diabetes,
Blood Glucose Control, Hyperglycemia, How to Choose Healthier Foods, Hypoglycemia,
How to Use the Glucose Monitor, The Role of Nutrition in Diabetes Care, Taking Care of
Your Feet, What to Do When You Get Sick, Nutrition Labeling, Weight Control Principles,
Dining Out, Principles of Exercise and Weight Control, Food Portions Control, and Food
Pyramid. During months 2 and 3 participants who had missed sessions had the opportunity
to make up classes. Each participant received a glucose monitor (glucometer) and was
taught to use it for their daily blood glucose levels checks and values in a log record.

Baseline and three-month data collection included blood analyses, anthropometrics and body
composition assessment. Subjects were asked to fast for 14 hours prior to blood draws which
were performed the following morning between 8 and 9 am. Blood parameters were drawn
in duplicate and samples were analyzed for serum glucose and insulin and HbA1c
concentrations (at Loma Linda University Medical Center Clinical Laboratory). Samples for
analysis of serum adiponectin, serum leptin, and plasma ghrelin concentrations were stored
at −80 C°, then packaged and shipped by express delivery to Linco Laboratories, St.
Charles, MO for analysis. Published intra- and inter-assay coefficients of variation (%) for
adiponectin were 1.6 and 1.5, for leptin 3.0 and 2.7, for insulin 2.3 and 4.0, and for ghrelin
3.4 and 3.1, respectively [31].

Measurements of height, weight, waist and hip circumferences were done according to
Lohman [32] and BMI and waist-to-hip ratios were calculated. The fan beam DXA with
Hologic QDR 4500-A software version 8.1A (Hologic Inc., Waltham, MA) was used to
determine total and regional body composition. Variables analyzed included total fat, the
percentage of fat in relation to body mass (total % fat), trunk fat, and trunk fat as a
percentage of total fat (trunk % fat).

Statistical analysis
The primary outcome measure was the change in fasting blood glucose. Power for this study
was based on a predicted reduction in fasting blood glucose over a 3 month follow-up period
of 13% from baseline. In order to have 80% power (1-β) and allowing for a type I (α) error
of 5%, 44 subjects were required. A total of 34 subjects completed the study. Power and
Precision software version 1.02 with type I error set at α = 0.05 was used to calculate the
new power for the study based on the 34 participants who completed the program. These
calculations showed power in the study was reduced to 60%.

This was a pretest-posttest study where the subjects served as their own controls, thus
baseline values were compared to values at three months follow-up. Data are presented as
mean ± SD or median with percentiles if skewed. Log transformation was used to improve
the normality of skewed variables. These were BMI, glucose, HbA1c, insulin, adiponectin,
leptin, ghrelin, DXA trunk fat, DXA total fat, and DXA total % fat. Spearman’s product-
moment correlations were performed to relate baseline and three month values and changes
in adiponectin, leptin and ghrelin concentrations to clinical and other laboratory parameters.
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Multiple linear regression was used to evaluate the independent predictors of the change in
the dependent variables (adiponectin, leptin and ghrelin). Statistical analyses were done with
SPSS for Windows version 15.0 (SPSS Inc, Chicago, IL) with type I error set at α = 0.05.

Results
Table 1 presents baseline characteristics of participants (n=34). Participants ranged from 30
to 69 years in age, with the mean age of 51.9 ± 9.3 years. Nearly three-fourths of the
participants were female. BMI ranged from 19 to 47 kg/m2, with a mean BMI of 32.18 ±
7.02 kg/m2. The participants had diabetes for a range of 1–20 years, with a mean of 6.6 ± 5.5
years.

Table 2 shows that with the exception of BMI and hip circumference, there were significant
changes in all anthropometric and body composition measurements between baseline and
three months.

Table 3 shows the baseline and three month values of glucose, HbA1c, insulin, adiponectin,
leptin and glucose concentrations. Concentrations of glucose, HbA1c, and leptin decreased
significantly after three months (P = 0.003, <0.001, and 0.002 respectively).

Table 4 presents Spearman’s correlations coefficients between age, anthropometric
characteristics, and blood parameters at baseline. Consistent with numerous previous
studies, body weight was inversely correlated with adiponectin (r = −0.420, P = 0.013) and
ghrelin (r = −0.727, P <0.001), and positively correlated with leptin (r = 0.433, P = 0.011).
Numerous other measures of body composition revealed a similar trend. BMI was inversely
correlated with ghrelin (r = −0.507, P = 0.002) and positively correlated with leptin (r =
0.583, P <0.001). Waist circumference was inversely correlated with adiponectin (r =
−0.452, P = 0.007) and ghrelin (r = −0.629), but positively correlated with leptin (r = 0.418,
P = 0.014). Waist-to-hip ratio was inversely correlated with adiponectin (r = −0.469, P =
0.005) and leptin, (r = −0.476, P = 0.004).

Trunk fat measured by DXA was positively correlated with leptin (r = 0.670, P <0.001), and
negatively correlated with ghrelin (r = −0.558, P <0.001). DXA % trunk fat showed a
positive correlation with leptin (r = 0.840, P <0.001). Total body fat was positively
correlated with leptin (r = 0.797, P <0.001) and negatively correlated with ghrelin (r =
−0.415, P = 0.015). DXA total % fat was positively correlated with leptin (r = 0.852, P
<0.001). Insulin was positively correlated with leptin (r = 0.569, P <0.001) and inversely
with ghrelin (r = −0.587, P <0.001). Our baseline assessment is consistent with a positive
relationship of leptin and body fat and a negative relationship with body fat and adiponectin
and ghrelin.

Table 5 shows the changes at three months using Spearman correlation coefficients between
anthropometric characteristics and blood parameters. Adiponectin was negatively correlated
with body weight (r = −0.443, P = 0.009), BMI (r = −0.364, P = 0.034) waist (−0.381, P =
0.026), DXA trunk fat (−0.344, P = 0.046) and insulin (r = −0.472, P = 0.005).

Leptin was positively correlated with body weight, BMI, waist circumference, hip
circumference, DXA trunk fat, DXA% trunk fat, DXA total fat, DXA total % fat and insulin
(r = 0.538, 0.764, 0.561, 0.844, 0.787, 0.895, 0.879, 0.882 and 0.566 respectively; P
<0.001).

Ghrelin was positively correlated with age (r = 0.384, P = 0.025) and negatively correlated
with hip circumference (r = −0.480, P = 0.004), body weight, BMI, waist circumference,
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DXA trunk fat, DXA total fat and insulin, respectively (r = −0.673, −0.559, −0.620, 0.576,
−0.457, and −0.666; P <0.001).

Table 6 shows Spearman’s correlation coefficients between changes in leptin concentration
(at three months minus baseline) versus change in anthropometric characteristics. Change in
body weight was significantly negatively correlated with change in leptin concentration (r =
−0.392, P = 0.022) as also demonstrated by the scatterplot in Figure 1.

Table 7 shows the change in leptin concentration as related to change in body weight after
adjusting for age and gender in a multiple linear regression model equation. In these
calculations, the relationship lost statistical significance.

Conclusions
We have demonstrated that a culturally sensitive program directed at Hispanic subjects with
diabetes results in improved short term glycemic control and reduction in obesity. The
clinically significant results were seen within a 3-month period and were modest but based
on recent outcome studies such as the United Kingdom Prospective Diabetes Study
(UKPDS) [33], they are clinically significant. The changes were accompanied by a
reduction in leptin concentration of ~ 16%. The reduction in leptin was related to the
reduction in body weight, but not to changes in glycemic control or central adiposity.
Concentrations of insulin, adiponectin and ghrelin were unchanged, possibly because the
amount of weight loss was insufficient to show such changes. All of the so called appetitive
hormones, adiponectin, leptin and ghrelin, were related to central fat as measured by DXA
and by waist circumference, similar findings to those of Ritland [31].

Our findings were consistent with previous studies demonstrating the effectiveness of
diabetes lifestyle interventions in improving glycemic control in type 2 diabetes patients
[21]. However, due to the pre-posttest design of the study it is not possible to demonstrate
causality. Thus, factors other than the educational program may have been associated with
the improvement in glycemic control. For example, any change in anti-diabetes medication
during the three months of the study was not recorded. However, the participants were
required to be on stable medication for three months prior to start of the study and thus less
likely to require adjustment of medication while taking part in the program. Due to the
accompanying weight and central fat loss, which are strong determinants of glycemic
control, it is plausible that the intervention contributed to the improvement in glycemia.

The mean reduction in HbA1c of about 0.8% in this study was of a magnitude that could
lead to clinical benefits if sustained over time. In 2001 the Diabetes Control and
Complications Trial demonstrated that a 0.5% reduction in HbA1c resulted in a significant
diminution in complications of diabetes. In the UKPDS trial conducted in type 2 diabetics a
reduction in HbA1c of 0.9% was related to a reduction in all diabetes endpoints [33].

In a recent systematic review of diabetes education programs among Hispanic population
samples, Whittemore [21] found eight studies that reported improvement in glycemia
following the intervention. Duraski [34] reported that a culturally sensitive stroke prevention
education program in the rapid growing Hispanic community with a high prevalence of
hypertension, diabetes, physical inactivity and alcohol use might help decrease risk of
stroke.

The mean body weight loss by subjects in the study was small, but weight loss was not the
primary focus of the education program. Individuals with type 2 diabetes may require more
intensive intervention to achieve weight loss than other overweight or obese individuals
[35–36]. The weight loss of about 1 kg was confirmed by the DXA measurement of total fat,
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which showed a reduction of about 0.9 kg. Even small weight losses may have substantial
clinical benefits. For example, Valsamakis [37] reported that modest weight loss weight loss
of <5% may improve insulin sensitivity and have potentially favorable effects on adipokine
concentrations.

A strength of this study is the use of DXA to assess body composition. According to Nelson
[38], measures of trunk fat may contribute more information on the development of diabetes
than waist circumference. DXA appears to be most useful in providing an accurate and
reliable measure of overall adiposity and regional fat distribution [31]. Notably the
associations we observed between these hormones and central fat as measured by DXA did
not seem substantially different than those measured by waist girth. In terms of regional
adiposity, waist circumference was reduced, as was waist-hip ratio, and the absolute and
relative amounts of truncal fat were reduced, as shown by DXA measurements. Excess
abdominal tissue has a greater impact on whole body insulin sensitivity than peripheral
distribution of fat deposits around the hip and thighs [39]. Reducing central adiposity may
be of substantial benefit for Hispanic patients, who have been shown to have increased
central adiposity contributing to their increased risk of insulin resistance and type 2 diabetes
[40].

High leptin concentrations are associated with inflammatory effects and increased risk of
cardiovascular disease [27]. The decrease in leptin concentration was correlated with the
reduction in body weight as demonstrated by the scatterplot in Figure 1, a finding that agrees
with Hukshorn [27]. These authors demonstrated that weight loss reduces circulating leptin
levels and simultaneously lowers plasma levels of inflammation markers associated with
obesity. In a recently published study by De Luis [41], the effects of a lifestyle modification
weight reduction program on adipokine levels was studied. Mean weight loss was about 4%
after three months. Leptin was the only adipokine that decreased significantly, by about
12%. The decrease in leptin in the present study appears to be larger, compared to the
greater decrease in body weight achieved by De Luis [41]. Our results suggest that Hispanic
subjects may be more sensitive to the effects of weight loss on serum leptin concentrations
than others. However, this conclusion is limited due to the short duration and small number
of subjects in our study. While the idea that the improvement in glycemic control beyond
weight loss may have contributed to the decrease in leptin, the lack of correlation between
leptin concentrations and glycemia (Tables 4–6) speaks against this notion.

Serum insulin concentration was reduced by < 3%, which was not statistically significant, in
the present study, despite the decrease in leptin. However, insulin concentrations show great
variability. Leptin and insulin actions are closely related. Individuals with diabetes may have
impaired leptin response to glucocorticoid administration because of a simultaneous defect
in insulin secretion and a worsening of insulin resistance [42]. However, other underlying
factors, including central obesity may cause impairments in both. According to Montez [26],
leptin and insulin signaling pathways may overlap or share signal transduction components,
and weight loss improves both hyperinsulinemia and hyperleptinemia associated with
obesity.

Clearly larger and longer studies must be conducted to determine the relationship of leptin,
insulin and diabetes outcome and the specific role in the Hispanic population. Adiponectin
concentrations were not changed between baseline and three months, probably because the
amount of weight loss was insufficient consistent with previous studies. Madsen [43]
assessed the amount of weight loss necessary for long-term improvement of plasma levels of
adiponectin in abdominally obese subjects. Weight loss ≥ 13 kg significantly elevated
adiponectin levels by about 22%. A smaller weight loss of 5–7 kg did not produce a
significant short or long term increase in adiponectin levels. Our observation of a lack of
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correlation between glycemia and adiponectin supports the idea that improvement in
glycemic control may have lesser effects than weight loss on adiponectin concentrations. On
the other hand adiponectin is closely related to insulin concentrations as shown in tables 4
(not significant) and 5. Thus, the lack of improvement in insulin concentrations may be an
additional explanation of the lack of change in adiponectin. Another factor may be that the
relative frequency of isoforms of adiponectin may change [44], but this may not be reflected
in total adiponectin quantifications.

Ghrelin concentrations at baseline and three months were inversely correlated to body
weight, BMI, and deposition of fat in the waist and hips, as well as to truncal fat and insulin
concentrations. These findings are in line with other findings in previous observations in
which ghrelin concentration were found to be negatively correlated with body fat and BMI
[31]. Decreased ghrelin is also shown to be associated with insulin resistance; however, it is
not known what is cause and effect, ie whether decreased ghrelin in insulin resistance and
type 2 diabetes is due to compensatory mechanisms against diminished insulin action or
against hyperglycemia [45].

We observed similar plasma ghrelin concentrations at baseline and after three months.
Garcia [46] reported that plasma ghrelin concentrations rise in response to acute weight loss,
as a likely counterregulatory action stimulating hunger and food intake, after which ghrelin
then returns to baseline with sustained weight maintenance. There was no relation between
ghrelin and glycemia.

This was a pilot study designed to understand the feasibility and barriers to the program.
Further groups are currently being studied (Cordero-MacIntyre, personal communication).
While achieved study power was less than planned, we did observe biologically plausible
associations that may be useful for planning future studies. Data regarding compliance to the
program and physical activity and dietary data were collected and will be reported in future
publication.

Our study clearly has achieved the primary objective. We have demonstrated the feasibility
of a multidisciplinary team using a culturally sensitive program to improve short term
glycemic control and obesity in Hispanic diabetic subjects. If the changes are sustained or
increased we would predict complications would be decreased in this high risk population.
Long term studies with larger number of subjects are obviously needed to validate our
exciting preliminary findings.

We have also discovered that in Hispanic subjects there is a reduction in body weight and
central adiposity associated with a decrease in leptin concentrations. These findings suggest
important early changes in adipokines may be important in glycemic control and reduction
in risk for complications. Future studies now may build on these findings, to better
understand the potential of diabetes education programs to directly improve biological
determinants of risk for adverse outcomes.
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Figure 1.
Change in body weight (kg) vs change in leptin concentration (ng/ml) between baseline and
3 months.
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Table 1

Baseline Characteristics of Study Participants in the Hispanic Diabetes Education Study (n=34).

Age in years (mean ± SD) 51.9 ± 9.25

Gender shown as n (percentage)

Female 25 (73.5%)

Male 9 (26.5%)

Educational level (percentage)

Up to elementary school 55%

Junior high to high school 30%

Some college or higher 15%

BMI (percentage)

< 25 kg/m2 15%

25 – 29.9 kg/m2 29%

≥ 30 kg/m2 56%

Number of years with diabetes (percentage)

1–4 47%

5–9 24%

10.+ 29%

Use of medication (percentage)

Oral hypoglycemics 74%

Insulin 5%

None or missing 21%
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Table 2

Baseline and 3-month changes in anthropometric parameters of Hispanic diabetes education program
participants (n=34). Values are shown as means ± standard deviations.

Variables Baseline Three Months Change P-value†

Body weight 81.22 ± 17.90 80.31 ± 17.95 1.16% 0.01

BMI (kg/m2) 32.18 ± 7.02 31.73 ± 6.72 1.40% 0.132

Waist circumference 101.57 ± 13.37 99.12 ± 12.70 2.41% 0.015

Hip circumference 109.10 ± 14.56 109.04 ± 13.00 0.05% 0.921

Waist-to-hip ratio 0.93 ± 0.08 0.91 ± 0.07 2.15% 0.03

DXA trunk fat (kg) 16.54 ± 5.73 15.93 ± 5.60 3.69% 0.001

DXA trunk % fat 36.37 ± 7.50 35.77 ± 7.53 1.65 0.003

DXA total fat (kg) 30.40 ± 10.68 29.50 ± 10.52 2.96% 0.001

DXA total % fat 39.60 ± 10.61 35.77 ± 7.52 9.08% 0.001

†
p-values are calculated based on the log transformation for BMI, DXA trunk fat, DXA total fat and DXA total % fat.
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Table 3

Baseline and 3-month changes in blood parameters of Hispanic diabetes education program participants
(n=34). Values are shown as means ± standard deviations.

Variables value† Baseline 3 Months Change P-value†

Glucose (mg/dL) 166.41 ± 65.98 143.21 ± 57.89 13.94% 0.003

HbA1c (%) 7.90 ± 2.02 7.08 ± 1.66 10.40% <0.001  

Insulin (uIU/L) 12.89 ± 9.60 12.55 ± 12.41 2.64% 0.753

Adiponectin (mg/ml) 8.28 ± 5.45 8.38 ± 6.04 4.77% 0.832

Leptin (ng/ml) 19.55 ± 14.98 16.34 ± 12.66 16.42% 0.002

Ghrelin (pg/ml) 6.62 ± 0.33 6.63 ± 0.43 <0.001% 0.432

†
P-values are calculated based on the log transformation for glucose, HbA1c, adiponectin, leptin and ghrelin.
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Table 4

Spearman’s correlation coefficients between age, anthropometric parameters, glycemic control and insulin
with concentrations of adiponectin, leptin and ghrelin at baseline (n=34). P-values are shown under each
correlation coefficient.

Adiponectin Leptin Ghrelin

Age 0.243 (.165) −0.079 (.658) 0.283 (.105)

Body weight −0.420 (.013) 0.433 (.011) −0.727 (.001)

BMI −0.235 (.181) 0.583 (.001) −0.507 (.002)

Waist −0.452 (.007) 0.418 (.014) −0.629 (.001)

Hip −0.193 (.274) 0.710 (.001) − 0.554 (.001)

Waist-to-hip ratio −0.469 (.005) −0.476 (.004) −0.218 (.216)

DXA trunk fat −0.259 (.139) 0.670 (.001) −0.558 (.001)

DXA trunk % fat −0.082 (.644) 0.840 (.001) −0.158 (.373)

DXA total fat −0.166 (.347) 0.797 (.001) −0.415 (.015)

DXA total % fat 0.064 (.720) 0.852 (.001) −0.144 (.417)

Glucose 0.072 (.686) −0.099 (.579) 0.124 (.483)

HBA1c 0.092 (.603) −0.124 (.483) 0.181 (.307)

Insulin −0.332 (.055) 0.569 (.001) −0.587 (.001)

Correlation coefficients are calculated based on the log transformation for BMI, DXA trunk fat, DXA total fat, DXA total % fat, glucose and
insulin.
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Table 5

Spearman’s correlation coefficients between age, anthropometric parameters, glycemic control and insulin
with concentrations of adiponectin, leptin and ghrelin at three months (n=34). P-values are shown under each
correlation coefficient.

Adiponectin Leptin Ghrelin

Age 0.205 (.246) −0.126 (.479) 0.384 (.025)

Body weight −0.443 (.009) 0.538 (.001) −0.673 (.001)

BMI −0.364 (.034) 0.764 (.001) −0.559 (.001)

Waist −0.381 (.026) 0.561 (.001) −0.620 (.001)

Hip −0.210 (.234) 0.844 (.001) −0.480 (.004)

Waist-to-hip ratio −0.325 (.061) −0.283 (.104) −0.247 (.159)

DXA trunk fat −0.344 (.046) 0.787 (.001) −0.576 (.001)

DXA trunk % fat −0.128 (.471) 0.895 (.001) −0.239 (.173)

DXA total fat −0.284 (.104) 0.879 (.001) −0.457 (.001)

DXA total % fat −0.027 (.881) 0.882 (.001) −0.121 (.494)

Glucose −0.043 (.808) −0.102 (.568) −0.067 (.707)

HBA1c 0.076 (.669) 0.049 (.782) 0.102 (.568)

Insulin −0.472 (.005) 0.566 (.001) −0.666 (.001)

Correlation coefficients are calculated based on the log transformation for BMI, DXA trunk fat, DXA total fat, DXA total % fat, glucose and
insulin.
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Table 6

Spearman’s correlation coefficients between change in anthropometric parameters and change in
concentrations of leptin between baseline and three months (n=34). P-values are shown to the right of each
correlation coefficient.

Leptin

Body weight −0.392 (.022)

BMI 0.126 (.478)

Waist circumference −0.159 (.368)

Hip circumference −0.203 (.250)

Waist-to-hip ratio −0.203 (.250)

DXA trunk fat −0.075 (.674)

DXA trunk % fat 0.055 (.757)

DXA total fat −0.027 (.879)

DXA total % fat −0.170 (.336)

Glucose −0.038 (.831)

HBA1c −0.190 (.283)

Insulin 0.134 (.451)

Correlation coefficients are calculated based on the log transformation for BMI, DXA trunk fat, DXA total fat, DXA total % fat, glucose and
insulin.
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