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Abstract

OBJECTIVE—To determine the association between H. pyloriinfection and risk of incident
diabetes in adults at high risk for diabetes who participated in the Diabetes Prevention Program
(DPP) study.

METHODS—In a nested case-control study conducted among 421 adults with newly diagnosed
diabetes and 421 matched controls, we examined the association between serological status of H.
pylori at baseline and risk of incident diabetes over a mean follow-up period of 2.6 years. Using
data from the baseline visit of the DPP, we also examined the cross-sectional association between
presence of H. pylori antibodies and insulin sensitivity, insulin secretion and the disposition index-
like measure after a 75-gram oral glucose tolerance test (OGTT).
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RESULTS—AU baseline, H. pylori antibodies were present in 40% of participants who developed
diabetes and 39% of controls. After adjusting for matching factors, there was no association
between exposure to H. pylori and incident diabetes (odds ratio [OR] of 1.04 (95% CI, 0.77 to
1.40). In cross-sectional analyses, H. pylori status was not significantly associated with insulin
sensitivity and disposition index-like measure from OGTT.

CONCLUSIONS—In adults at high risk for diabetes, H. py/lori seropositivity was not associated
with risk of developing diabetes.

Keywords

pylori, case-control; Diabetes Prevention Program; Diabetes mellitus; metabolic syndrome;
observational study

1. INTRODUCTION

Diabetes affects approximately 8 percent of the adult population in the U.S. 1. Although
overall incidence of diabetes appears to have plateaued, diabetes continues to grow in
Hispanic and non-Hispanic blacks and in people attaining a high school education or less 1.
Nearly 9 out of 10 new cases are due to type 2 diabetes. Lifestyle (e.g., diet, physical
activity), genetic, and socioeconomic factors are well-established risk factors for type 2
diabetes 23 but do not fully account for the total diabetes risk. In clinical trials, lifestyle
changes aiming at weight loss have been successful at lowering risk of type 2 disease *.
However, long-term maintenance of weight loss has proved elusive outside of clinical trials.
Moreover, even after successful weight loss, there is still significant residual risk. Therefore,
searching for additional risk factors for type 2 diabetes is important.

Helicobacter pylori (H. pylori) colonizes the human stomach and has been implicated in the
development of several gastric conditions °. Whereas H. pylori was initially thought only to
cause disease in the upper gut, this microorganism has been implicated in several extra-
digestive conditions ® Recently, infection with H. py/ori has emerged as a potential risk
factor for type 2 diabetes 7. In some observational studies, H. pylori infection has been
associated with glucose intolerance or diabetes, but this has not been a consistent

finding %-20. Except for one study 20, the available observational studies have been cross-
sectional designs. Since they cannot determine the temporal sequence of the association, and
the observed associations may be confounded by a variety of factors (e.g. age, race/
ethnicity), the hypothesis that H. py/ori may be a risk factor for 2DM remains unresolved.

The purpose of the present study was to (1) evaluate whether infection with H. py/loriis
associated with development of type 2 diabetes and (2) identify pathophysiologic
mechanisms that may mediate the association among participants at high risk for diabetes in
the Diabetes Prevention Program (DPP), a controlled trial comparing different treatment
modalities to prevent diabetes.
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2. RESEARCH DESIGN AND METHODS
2.1 Study Participants

The DPP was a randomized controlled clinical trial conducted between 1996 and 2001 at 27
sites in the U.S., comparing the effects of intensive lifestyle intervention, metformin, or
placebo on the development of diabetes in adults at high risk for the disease . The eligibility
criteria, design, and methods of the DPP have been described in detail elsewhere 421,
Inclusion criteria included age =25 years, body mass index (BMI) =24 kg/m? (=22 kg/m? in
Asian Americans), fasting plasma glucose between 5.3 to 6.9 mmol/L (95 to 125 mg/dL)
(6.9 mmol/L for American Indian sites) and plasma glucose between 7.8 to 11 mmol/L
(140 to 199 mg/dL) after a 75-gram oral glucose tolerance test. Persons taking any medicine
known to alter glucose tolerance were excluded. All DPP participants were given standard
advice on healthy diet and physical activity before randomization to one of 3 arms: intensive
program of lifestyle modification (aiming to achieve a weight reduction of at least 7 percent
of initial body weight), standard lifestyle recommendations plus metformin or standard
lifestyle recommendations plus placebo. The Institutional Review Board at each site
approved the DPP protocol and all participants gave written informed consent. The Tufts
University Institutional Review Board approved the present ancillary observational study.

2.2 Nested Case-Control Study Design

We employed a case-control study nested among DPP participants randomized to the
intensive lifestyle or placebo groups. We excluded the metformin arm to avoid potential
confounding of results by a hypoglycemic medication. Cases were all participants (n=421)
who developed diabetes during follow-up. Controls were selected from the remaining
participants, matched 1:1 with cases using the “greedy” algorithm 22. Matching criteria were
age at study entry (+/- 5 years), sex (male or female), race/ethnicity (Non-Hispanic White
vs. other), DPP intervention (lifestyle vs. placebo), and length of follow-up time in the DPP
study.

2.3 Assessment of H. pylori infection

Testing for H. pyloriinfection was done in stored samples from the baseline visit, when all
participants were free of diabetes, by measuring H. py/loriimmunoglobulin G (IgG) antibody
in serum using H. pylori1gG enzyme-linked immunosorbent assay (ELISA, Diasorin
Diagnostics Srl, manufactured by Hycor Biomedical GmbH). Presence of antibodies
indicates past or current infection with H. py/ori. The clinical laboratory at Tufts Medical
Center performed the testing and all quality control procedures were followed. Samples
from matched case-control pairs were assayed in the same analytical run by personnel
blinded to the case-control status of the samples. For each specimen, an immune status ratio
(ISR) was calculated based on Optical density (OD) values. A value of ISR less than 0.9 was
considered to be negative, ISR between 0.91-1.09 was considered indeterminate and ISR
greater than 1.1 was considered positive. In sensitivity analysis, we did not find a significant
change when indeterminate samples (27 samples) were grouped with either negative or
positive samples, so we considered all samples with ISR of 0.91 or greater as positive, as
done in prior studies 18,
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2.4 Ascertainment of Incident Diabetes

The primary DPP outcome, incident diabetes, was assessed following strict laboratory
criteria, based on a 75-gram oral glucose tolerance testing performed annually and fasting
plasma glucose performed semiannually or when symptoms consistent with hyperglycemia
occurred 421, The diagnosis required confirmation by repeat testing.

2.5 Ascertainment of Glucose-Insulin Dynamic Measures

A composite beta-cell function (disposition index-like measure from OGTT) was estimated
by the product of the corrected insulin response (CIR) and insulin-sensitivity index (ISI), as
previously used in the DPP 23, Corrected insulin response was calculated as follows: (100 x
insulin at 30 minutes) + (glucose at 30 minutes x [glucose at 30 minutes — 70 mg/dL]).
Insulin-sensitivity index, which is the reciprocal of insulin resistance according to the
homeostasis model assessment, was calculated as follows: 22.5 + (fasting insulin x [fasting
glucose + 18.01]). Glucose and insulin are expressed as mg/dL and uU/mL, respectively,
unless otherwise specified.

2.6 Assessment of Potential Confounders and Laboratory Assessment

Self-reported race and ethnicity were classified according to the 1990 U.S. Census
questionnaire. Self-reported level of leisure physical activity was assessed annually with the
Modifiable Activity Questionnaire and expressed as the average metabolic equivalent (MET-
hours) per week for the previous year. Standardized interviewer-administered questionnaires
were used annually to obtain self-reported data on personal medical history, smoking,
medications, alcohol use, and family medical history. Weight was measured using a standard
calibrated scale and height was measured with a standard stadiometer and body mass index
was calculated (Kg/m?2). Fasting blood was obtained and processed following standardized
procedures. Measurement methods for hemoglobin Alc, glucose and insulin, and C-reactive
protein have been published 421,

2.7 Statistical Analyses

We describe the differences in baseline characteristics between cases and controls using
means for continuous measures and percentages for categorical measures. Statistical tests of
the mean differences between cases and controls were performed with t-tests and chi-square
tests for proportional differences. On the basis of H. py/oriimmunoassay results, as
described above, participants were classified as H. py/lori positive or negative. Odds ratios
(OR) and their 95% confidence intervals were used to estimate the association between H.
pylori status and incident diabetes using conditional logistic regression analysis for matched
pairs data. The first model adjusted for matching factors only. Two additional regression
models were built adjusting for clinically important baseline characteristics. The first
additional model included baseline body mass index. The second additional model was built
adjusting further for smoking status (never, past, or currently smoking), alcohol consumption
(g/day) and physical activity (MET-hours per week).

In subgroup analyses, we tested the association between H. pyloriand incident diabetes by
race/ethnicity (Non-Hispanic White vs. Other), BMI (non-obese vs. obese [<30 and >=30
kg/m?2]), age (two groups based on median [<57 and >=57 years]) and DPP intervention
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(lifestyle and placebo). We also tested for statistical interaction between race, baseline BMI,
age, and DPP intervention x H. pylori status on diabetes incidence by including an
interaction term in the conditional logistic regression model.

In cross-sectional analyses, we assessed the association between H. pylori status and
glucose-insulin dynamic measures. Average differences of insulin sensitivity index, insulin
secretion and disposition index-like measure from OGTT at baseline between H. pylori
groups was calculated from multivariable linear regression models adjusting for the same co-
variates above.

For all analyses a two-sided alpha of 0.05 was used as the threshold for determining
statistical significance. Analyses were performed using SAS (version 9.3).

3. RESULTS

3.1 Participant characteristics

At baseline, the mean age of the cases and controls was 49.6 years and 66% were women
(Table 1). Participants who developed diabetes were more likely to be smokers and reported
lower alcohol consumption. As expected, cases had a higher baseline BMI (35.6 vs. 33.2
kg/m?2), hemoglobin Alc (6.1 vs. 5.8%), fasting plasma glucose (112.1 vs. 104.9 mg/dL) and
C-reactive protein (6.8 vs. 5.5 mg/L) as compared to controls (Table 1).

3.2 H. pylori infection and incident diabetes

Participants were followed for an average of 2.6 years. After adjusting for matching factors,
H. pylori seropositivity was not significantly associated with increased risk of type 2
diabetes (odds ratio [OR] of 1.04 (95% CI, 0.77 to 1.40) (Table 2). After further adjustment
for BMI at baseline, there was no change in the association (OR 1.04; 95% Cl, 0.76 t01.42).
Further multivariable adjustment for other covariates at baseline, including smoking status,
alcohol consumption and physical activity also did not change results.

3.3 Subgroup Analyses

We conducted subgroup analyses, to explore whether race/ethnicity, baseline BMI, age or
DPP intervention (intensive or placebo) would modify the association between H. pylori
seropositivity and incident diabetes (Table 3). The test for interaction was nearly statistically
significant for H. py/lori x BMI (p= 0.08), but the association between H. pylori
seropositivity and incident diabetes was not significant within the two BMI subgroups. The
tests for interactions were not statistically significant in any of the other subgroups analyzed.

3.4 H. pylori seropositivity and Glucose-Insulin Dynamic Measures

We also examined the cross-sectional association between H. pylori seropositivity and
insulin sensitivity index, corrected insulin response and disposition index-like measure from
OGTT at baseline adjusting for matching factors and other covariates including smoking
status, alcohol consumption and self-reported physical activity. H. py/ori seropositivity was
negatively associated with insulin sensitivity index and disposition index-like measure from
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OGTT and positively associated with corrected insulin response, but these associations were
not statistically significant (Table 4).

4. DISCUSSION

In this observational longitudinal study nested within the DPP cohort, there was no
association between the presence of H. pylori antibodies (representing past or current
infection) and incident diabetes, even after adjustment for potential confounders and risk
factors. No associations were observed in subgroups defined by race/ethnicity, baseline
BMI, age or DPP intervention arm. Also, there was no statistically significant cross-
sectional association between H. py/oriantibodies and measures of glucose-insulin
dynamics at baseline.

Cross-sectional studies have reported a higher prevalence (~38-85%) of H. pylori
seropositivity or positive gastric histology among patients with glucose intolerance/diabetes
compared to controls (18-65%) with normal glucose tolerance 91012.13.18 11 pyjori
seropositivity 1516.24 or positive gastric histology 2226 have also been associated with
insulin resistance (assessed in the fasting state) among individuals without known diabetes.
Potential biological mechanisms that might explain these observations include H. pylori
having a role in energy homeostasis by affecting the production of ghrelin and leptin, which
are important hormones in the regulation of appetite and energy expenditure 27-29 or through
an effect on secretion of pro-inflammatory cytokines 3°. However, other studies have
reported no differences in H. py/loribetween patients with diabetes and without diabetes, or
even a lower rate of infection in patients with diabetes 14.17.19.31,

The results of the present case-control study nested within a well-conducted randomized
trial do not support the hypothesis that infection with H. py/oriis associated with risk of type
2 diabetes and are consistent with a recent meta-analysis 32. A potential explanation for the
lack of association may be that the effect of H. py/ori on diabetes pathophysiology may have
occurred before the onset of pre-diabetes. Furthermore, H. py/lori strains exhibit a significant
degree of diversity and some strains contain pathogenic genes, such as cytokine-associated
gene A (CagA), which have been associated with more severe clinical manifestations and
may also be relevant to diabetes 33:34. We did not measure for the presence of the CagA
protein and could not assess this hypothesis. Although the overall prevalence of H. pyloriin
the US is declining, seroprevalence is overall still high, especially in populations (older,
minorities, overweight) who are at greatest risk for diabetes 35-37 and there is evidence that
obesity may modify the association between H. pyfori and glucose tolerance 18. However,
subgroup analyses by race/ethnicity and weight status did not reveal any significant
associations. In contrast, the only other longitudinal study available reported a positive
association between H. pyloriinfection and incident diabetes in Latino elderly 20,

Several studies have reported on the association between H. pyloriinfection and insulin
resistance with mixed results 15162138 byt none have reported the association between .
pyloriand composite beta-cell function as measured by disposition index-like measure from
OGTT, which is a measure of pancreatic beta cell function that captures both insulin
secretion and insulin sensitivity 23. A low disposition index-like measure from OGTT
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indicates an impaired pancreatic beta cell function and is a validated predictor of diabetes
risk 3940, The inverse association between the presence of H. pylori antibodies and
disposition index-like measure from OGTT we observed was not statistically significant.

The present study has several advantages over prior studies. Nearly all prior studies
reporting associations between H. py/loriand diabetes are from non-US populations while
our study focuses on a cohort representative of the U.S. population at risk for t2DM (older,
minorities). Cases were defined based on a new diagnosis of diabetes (incident cases only)
using strict biochemical glycemic criteria, which avoids risk of misclassification and bias
towards null associated with self-reporting of diabetes status. The assessment of diabetes
risk factors and other potential confounders was carried out prospectively before diabetes
development, and was considerably more detailed than prior studies. There are some
limitations: We did not have data on the use of antibiotics during the follow up period, which
could have altered the course of H. pyloriinfection. Conceivably some subjects may have
been treated specifically to eradicate H. py/ori. Antibiotic monotherapy given for other
infections is rarely effective at eradicating H. py/oribut it could have resulted in under-
estimation of the risk if more frequently taken by the cohort with diabetes than the controls.
In addition, the follow-up period may not have been long enough to detect a significant
association.

In conclusion, we did not find an association between the presence of H. pylori antibodies
and diabetes incidence in adults at high risk for diabetes. Insulin sensitivity, insulin secretion
and oral disposition index-like measure from OGTT did not significantly differ between
participants with or without serological evidence of H. py/oriinfection. Further studies
comparing the effects of H. pyloristrains carrying the cag pathogenicity island with cag-
negative strains may provide additional insight.
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Figure 1.
Nested case-control design
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Table 1

Baseline characteristics of participants

Characteristic Diabetes Controls p-valuel
cases (n=421) (n=421)
Age, mean (SD), y 49.6 (10.0) 49.6 (9.9) 0.96
Sex, No. (%) women 278 (66.0) 278 (66.0) 0.99
Race/ethnicity, No. (%)
Non-Hispanic White 228 (54.2) 228 (54.2)
African-American 95 (22.6) 78 (18.5) 0.22
Other (Hispanic, American Indian, Asian) 98 (23.3) 115 (27.3)
Weight, mean (SD), kg 99.8 (22.8) 91.9 (18.9) <0.01
DPP lifestyle intervention arm, No (%) 139 (33.0) 139 (33.0) 0.99
Body mass index, mean (SD), kg/m? 35.6 (7.5) 33.2(6.1) <0.01
Waist circumference, mean (SD), cm 109.4 (16.1) 103.2 (13.8) <0.01
Family history of diabetes, No. (%) 281 (66.9) 300 (71.3) 0.17
Physical Activity, mean (SD), MET-hours 3 16.6(23.2) 151(19.) 0.33
Smoking status, No. (%)
Never 230 (54.6) 257 (61.0)
Past 150 (35.6) 144 (34.2) 0.01
Current 41 (9.7) 20 (4.8)
Alcohol consumption, mean (SD), g/day 1.8 (4.6) 2.3(5.8) 0.19
Fasting plasma glucose, mean (SD), mg/dL 112.1 (9.4) 104.9 (6.3) <0.01
Hemoglobin Alc, mean (SD), % 6.1 (0.6) 5.8 (0.5) <0.01
C-reactive protein, mean (SD), mg/L 6.8 (9.3) 5.5(6.2) 0.02
Insulin sensitivity index (1SI), mean (SD), [(LU/mL)*( mg/dL)]™! 0.16 (0.12) 0.21 (0.14) <0.01
Corrected insulin response (CIR), mean (SD), [(uU/mL)/(mg/dL)?] 0.53 (0.34) 0.66 (0.41) <0.01
Disposition index-like measure from OGTT (LN(CIR) * LN (Insulin sensitivity index)) 0.07 (0.04) 0.12 (0.08) <0.01
H. pylori positive, N (%) 169 (40%) 166 (39%)

SD, standard deviation

Page 11

1 - . . .
Characteristics of diabetes cases and controls were compared using the #test (for means) or chi-square test (for percentages). Age (+/- 5 years),
sex (men or women), race/ethnicity (Non-Hispanic White vs. African-American vs. Other), DPP intervention arm (lifestyle or placebo) and length

of follow up were matching variables.

3MET denotes metabolic equivalent. MET-hours represent the average amount of time engaged in specified physical activities multiplied by the

MET value of each activity.
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Table 2

Odds ratio for incident diabetes, according to H. py/ori status in participants at risk for diabetes in the Diabetes
and Prevention Program study.

H. pylori status* P-value
Negative Positive
(N=507) (N=335)
Cases / controls, No. 252/ 255 169/ 166
Odds ratio (95% confidence interval)
Model 1 £ 1.00 (reference) | 1.04 (0.77, 1.40) 0.82
Model 2 2 1.00 (reference) | 1.04 (0.76, 1.42) 0.79
Model 3 3 1.00 (reference) | 1.03 (0.74, 1.42) 0.88

JModeI 1 adjusted for matching factors (age [years], sex [male or female], race/ethnicity [White vs. Non-White], intervention arm [lifestyle or
placebo] and length of follow up) through conditional logistic regression.

2Mode| 2 adjusted for everything in model 1 plus body mass index (kg/mz) at baseline.

3Mode| 3 adjusted for everything in model 2 plus smoking status (never, past, or currently smoking), alcohol consumption (g/day), self-reported
physical activity (MET-hours per week).
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Table 3

Odds ratio for incident diabetes, according to H. py/ori status in participants at risk for diabetes in the Diabetes
and Prevention Program study by race/ethnicity, baseline body mass index, age and DPP intervention arm.

H. pylori status P-valuel | P for interaction®
Negative Positive

Race/ethnicity 2

Non-Hispanic White 1.00 (reference) | 1.22 (0.81, 1.86) 0.35

Other 1.00 (reference) | 0.88 (0.59, 1.32) 0.53 025
Body Mass Index (kg/m?) 3

BMI < 30 1.00 (reference) | 1.10 (0.66, 1.83) 0.73

BMI = 30 1.00 (reference) | 1.03 (0.72, 1.47) 0.87 0.08
Age (median, years) 4

<57 1.00 (reference) | 1.00 (0.71, 1.41) 0.99

>57 1.00 (reference) | 1.14 (0.64, 2.02) 0.65 084
DPP Arm

Lifestyle 1.00 (reference) | 1.00 (0.59, 1.68) 0.99

Placebo 1.00 (reference) | 1.05 (0.74, 1.49) 0.79 087

JP-vaIues for subgroup analyses are based on logistic regression adjusted for matching factors (age [years], sex [male or female], race/ethnicity
[Non-Hispanic White vs. Other], DPP intervention arm [lifestyle or placebo]) and length of follow up.

ZModeI for White includes 228 cases and controls; model for non-White includes 193 cases and controls.

3Mode| for BMI<30 kg/m2 includes 110 cases and 149 controls; model for BMI1=30 kg/m2 includes 311 cases and 272 controls
4Mode| for age<57 years includes 318 cases and 316 controls; model for age=57 years includes 103 cases and 105 controls
5Mode| for DPP lifestyle arm includes 139 cases and controls; model for placebo arm includes 282 cases and controls.

P-values for interaction effect are adjusted for matched variables (age [years], sex [male or female], race/ethnicity [Non-Hispanic White vs.
Other], intervention arm [lifestyle or placebo]) and length of follow up through conditional logistic regression.
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Table 4

Adjusted average difference of insulin secretion and insulin sensitivity according to H. py/ori status at baseline
in participants at risk for diabetes in the Diabetes and Prevention Program (DPP) study.

H. pylori status * P-value
Negative Positive
Insulin sensitivity index, [(uU/mL)*( mg/dL)]-1 7 (reference) | —0.02 (-0.10, 0.05) 0.53
Corrected insulin response, CIR (MU/mL)/(mg/dL)2 T (reference) [ 0.08 (-0.01,0.17) 0.08
Disposition index-like measure from OGTT (LN(CIR) * LN (Insulin sensitivity index)) | (reference) | -0.12 (-0.29, 0.05) 0.17

Results are presented by H. pylori status; average difference between groups was calculated from a multivariate linear regression model; all models
are adjusted for matching factors (age [years], sex [male or female], race/ethnicity [Non-Hispanic White vs. Other], DPP intervention arm [lifestyle
or placebo] and length of follow up), BMI at baseline, smoking status (never, past, or currently smoking), alcohol consumption (g/day), self-
reported physical activity (MET-hours per week).

fDependent variable log transformed
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