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Background. Rates of invasive group B Streptococcus (GBS) disease, obesity, and diabetes have increased in US adults. We 
hypothesized that obesity would be independently associated with an increased risk of invasive GBS disease.

Methods. We identified adults with invasive GBS disease within Active Bacterial Core surveillance during 2010–2012 and used 
population estimates from the Behavioral Risk Factor Surveillance System to calculate invasive GBS incidence rates. We estimated 
relative risks (RRs) of invasive GBS using Poisson analysis with offset denominators, with obesity categorized as class I/II (body mass 
index [BMI] = 30–39.9 kg/m2) and class III (BMI ≥ 40.0 kg/m2).

Results. In multivariable analysis of 4281 cases, the adjusted RRs of invasive GBS disease were increased for obesity (class I/
II: RR, 1.52; 95% confidence interval [CI], 1.14–2.02; and class III: RR, 4.87; 95% CI, 3.50–6.77; reference overweight) and diabetes 
(RR, 6.04; 95% CI, 4.77–7.65). The adjusted RR associated with class III obesity was 3-fold among persons with diabetes (95% CI, 
1.38–6.61) and nearly 9-fold among persons without diabetes (95% CI, 6.41–12.46), compared with overweight. The adjusted RRs 
associated with diabetes varied by age and BMI, with the highest RR in young populations without obesity. Population attributable 
risks of invasive GBS disease were 27.2% for obesity and 40.1% for diabetes.

Conclusions. Obesity and diabetes were associated with substantially increased risk of infection from invasive GBS. Given the 
population attributable risks of obesity and diabetes, interventions that reduce the prevalence of these conditions would likely reduce 
the burden of invasive GBS infection.
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Group B Streptococcus (GBS) is an important cause of bacter-
ial infections among adults. The incidence of invasive GBS dis-
ease in nonpregnant adults in the United States doubled from 
1990 to 2007 [1]. The rate of invasive GBS disease (9.0 cases per 
100 000 population) approaches that of invasive pneumococcal 
disease, now that pneumococcal vaccines are widely used (10.6 
cases per 100 000) [1–3]. Nonpregnant adults account for 90% 
of cases of invasive GBS infection in the United States [1].

The prevalence of obesity and diabetes have risen markedly in 
the United States [4, 5]. This increase in chronic medical con-
ditions has been hypothesized to contribute to the increase in 

invasive GBS [3] because the majority of invasive GBS cases occur 
in adults with underlying medical conditions, including diabetes  
[3, 6, 7]. Obesity is implicated as a risk factor for some infections, 
such as soft tissue infections [8]. However, the risk of invasive 
GBS associated with obesity in nonpregnant adults is unknown.

The aim of this study was to examine the association of obe-
sity and diabetes with the risk of invasive GBS infection among 
community-dwelling, nonpregnant adults.

METHODS

Surveillance and Definition of Cases

Surveillance for invasive GBS disease was conducted through 
the Active Bacterial Core surveillance (ABCs) network [9]. 
Nine ABCs sites conducted active surveillance for invasive GBS 
during January 1, 2010, to December 31, 2012 in California 
(3 counties), Colorado (5 counties, 2011–2012), Georgia (20 
counties), Maryland, Minnesota, New Mexico, New York State 
(15 counties, 2011–2012), Oregon (3 counties), and Tennessee 
(20 counties). New York State was excluded in 2010 due to the 
high proportion of cases missing height and weight.
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Invasive GBS disease was defined as isolation of GBS from a 
normally sterile body site (eg, blood) in a resident of a surveil-
lance site. Cases were identified by active, laboratory-based sur-
veillance with laboratory audits. We included cases of invasive 
GBS disease in adults aged ≥18 years with a first episode of dis-
ease who were community dwelling, defined as living in a pri-
vate residence, and who were not pregnant or postpartum. For 
patients with more than 1 episode of invasive GBS infection, 
only the first episode was included. Case patients were excluded 
if they lived in a long-term care facility, dormitory, were incar-
cerated, or were homeless (Figure 1).

Data Collection

ABCs staff abstracted data from the medical record using a 
standardized case report form, including location of residence, 
height, weight, underlying medical conditions, pregnancy sta-
tus, clinical syndrome, and death before discharge. Skin and 
subcutaneous tissue infection was defined as cellulitis, wound or 
surgical site infection, erysipelas, or gangrene. Body mass index 
(BMI) was calculated for patients with height and weight in the 
medical record. Starting in 2011, BMI was collected from the 
medical record and used if height and/or weight data were not 
available. If neither height and weight nor BMI was available, or 

if the BMI was ≤12 or >100, data were imputed (below). Cases 
whose outcomes were unknown were matched to vital statistics 
records to determine whether they were deceased or alive.

Analytic Methods

Multiple Imputation
We imputed missing data, including BMI, race, and sex, from 
all invasive bacterial pathogens under surveillance by ABCs 
using the multiple imputation by chained equations (MICE) 
algorithm, with a specified imputation model for each varia-
ble [10–12]. BMI was imputed 30 times, based on the amount 
of missing data, using predictive mean matching and as a 
continuous variable [13, 14]. Binary and categorical variables 
were imputed with logistic regression and multinomial logit 
models, respectively. Variables in the model included demo-
graphics (age category, race, ethnicity, sex), state, time (year 
and quarter), height, weight, BMI, organism, underlying con-
ditions (obesity, diabetes, asthma, chronic obstructive pul-
monary disease, cardiovascular disease, alcoholism, smoking 
status, immunosuppressive therapy, leukemia, heart failure, 
solid organ malignancy), clinical factors (outcome, syndrome, 
hospitalization), and insurance provider (Medicare, Medicaid, 
private, or unknown).

Denominator Estimation
We used weighted frequencies from the 2010 Behavioral and 
Risk Factor Surveillance Survey (BRFSS) to estimate the pop-
ulation under surveillance with chronic conditions of interest 
[15], including state-level data sets for 3 entire states (Maryland, 
Minnesota, and New Mexico) and Selected Metropolitan/
Micropolitan Area Risk Trends (SMART) county data for the 
remaining 6 surveillance areas. BRFSS SMART data were avail-
able for all counties in California, Colorado, and Oregon, and 
for 4 of the 20 counties in Georgia, 1 of the 15 counties in New 
York, and 4 of the 20 counties in Tennessee.

In BRFSS, respondents reported diabetes status, height, and 
weight, from which BMI was calculated. Respondents with 
missing BMI were excluded from the denominator estimate 
(5.0%). To adjust for potential bias due to BMI self-report, we 
adjusted the BMI of respondents in BRFSS by a correction fac-
tor equal to the age and sex stratified ratio of the mean BMI in 
BRFSS and the mean measured BMI in the National Health and 
Nutrition Examination (NHANES) [16]. NHANES was used, as 
both reported and measured height and weight are collected in 
this nationally representative study.

Data Analysis
We estimated incidence rates of invasive GBS disease using 
ABCs cases as the numerator and weighted BRFSS population 
estimates as the denominator; we estimated confidence inter-
vals using 95% confidence intervals for the weighted frequencies 
from BRFSS. For Poisson analysis, we divided cases of invasive 
GBS disease and weighted frequencies of respondents from the 

5616 nonrecurrent
cases in community-

dwelling adults unrelated
to pregnancy

5500 cases with known
underlying conditions

4737 cases within BRFSS
geographic area

4281 cases

Syndrome and fatality
analyses:

Stratified rates:

Risk factor analysis:

329 cases with race other
than black or white, 127
cases with underweight

Excluded:

763 cases out of  BRFSS
geographic area

Excluded:

116 cases missing
underlying conditions

Excluded:

Figure  1. Reasons for exclusion from analyses of cases of invasive group B 
Streptococcus identified by Active Bacterial Core surveillance 2010–2012.
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2 BRFSS data sets into 96 prespecified strata based on 5 cat-
egorical variables of interest: age (18–44, 45–64, and ≥65 years), 
race (black, white), sex, diabetes status, and BMI categories, as 
defined by the National Heart, Lung and Blood Institute: normal 
(18.5–24.9), overweight (25.0–29.9), class I and II obesity (30.0–
39.9), and class  III obesity (40.0 and over) [17]. We excluded 
cases with underweight and race other than black or white in 
Poisson analyses due to small numbers. We used Poisson regres-
sion with offset denominators to model the incidence rates and 
calculate incidence rate ratios of invasive GBS by BMI category 
and diabetes status while controlling for age, race, and sex. 
Results from multiple imputations were combined using PROC 
MIANALYZE in SAS 9.2 (SAS Institute Inc., Cary, NC). We esti-
mated confidence intervals for relative risk estimates using the 
point estimates of weighted frequencies from BRFSS. We used 
overweight as the reference, given that overweight persons have 
lower rates of adverse outcomes than normal weight persons, 
which was consistent with the lower observed crude rates in this 
group in our analyses [18]. In Poisson analyses, if estimates of 
the ABCs catchment population were not available, all cases in 
that geographic area were excluded.

We used multivariable logistic regression to calculate odds 
ratios (ORs) for death by BMI category and diabetes status, 
adjusting for age, race, sex, and clinical syndrome. For case 
patients with more than 1 syndrome, we designated septic shock 
as the primary syndrome if it was present; otherwise patients 
were categorized into 1 of the following categories, based on 
their relative frequencies: cellulitis and osteomyelitis, cellulitis 
and arthritis, cellulitis and pneumonia, or other.

In Poisson and logistic regression analyses, we included all 
demographic variables in the multivariable model, regardless of 
statistical significance in univariable analyses. We evaluated all 
2-way interactions, adding each interaction to the base multi-
variable model individually and assessing model fit using likeli-
hood ratios in 3 of the 30 sets of imputed data. Interaction terms 
with a P value <.10 in at least 2 of the 3 data sets were added 
sequentially to the multivariable model. All analyses were con-
ducted using SAS 9.2 (SAS Institute Inc., Cary, NC).

We estimated population attributable risks using risk esti-
mates from our multivariable model and methods for adjusted 
risk factors and multicategory risk factors [19].

Human Subjects

These activities were considered part of public health sur-
veillance and determined to be “nonresearch” by the CDC’s 
Institutional Review Board (IRB). IRB approval was obtained 
by ABCs sites as required locally.

RESULTS

During the study period, there were 5616 cases of nonrecurrent 
invasive GBS disease in community-dwelling adults, of which 
4845 (86.3%) resided in states or counties for which BRFSS data 
were available and were used to calculate a crude rate. Of the 

5616 cases of nonrecurrent invasive GBS disease, 5500 (97.9%) 
had known underlying conditions and were used for syndrome 
and fatality analyses. Of these, 4737 (86.1%) resided within a 
geographic area for which BRFSS population estimates were 
available and were used to calculate stratified rates, of which 
4281 (90.4%) were used for the Poisson analysis (Figure  1). 
Cases who were underweight (n  =  127) or a race other than 
black or white (n = 329) were excluded due to small numbers.

Cases residing within the geographic area for which BRFSS 
population estimates were available did not differ by sex, BMI, 
or diabetes status from those outside the area, but were more 
likely to be younger (>65 years: 41.4% of cases within the BRFSS 
geographic area vs 47.6% outside of the area, P = .005) and less 
likely to be white (77.6% vs 84.2%, P <  .001). The proportion 
of the most common clinical syndromes, bacteremia without a 
focus and cellulitis, did not differ by geographic location; how-
ever, cases within the BRFSS surveillance area had a higher pro-
portion of osteomyelitis (16.2% vs 10.6%, P < .001) and lower 
proportion of pneumonia (10.8% vs 16.8%, P < .001).

Included cases were predominantly white (73.8%) and older 
than age 45 years (86.7%) (Table 1). Approximately half of cases 
had diagnosed diabetes and/or obesity. BMI was imputed in 
17.0% of cases; the distribution of cases by BMI category was 
similar with and without the cases with imputed BMI.

Incidence Rates

The overall crude incidence rate of nonrecurrent invasive GBS 
disease was 8.72 cases per 100 000 (95% confidence interval, 

Table  1. Characteristics of Case Patients With Invasive Group B 
Streptococcal Disease, Active Bacterial Core Surveillance, 2010–2012

Variable Level
No.a 

(Total = 5500) Percent

Age, y 18–44 730 13.3

45–64 2447 44.5

65 and over 2323 42.2

Race White 4058.4 73.8

Black 1107.3 20.1

Other 334.3 6.1

Sex Male 3226 58.7

Female 2274 41.3

BMI class, kg/m2 Underweight (<18.5) 161.7 2.9

Normal (18.5–24.9) 1137.3 20.7

Overweight (25.0–29.9) 1326.8 24.1

class I/II (30.0–39.9) 1752.5 31.9

class III (≥40) 1121.8 20.4

Diabetes Absent 2690 48.9

Present 2810 51.1

Clinical
Syndrome

Bacteremia without a focus 1726 31.4

Cellulitis 1595 29.0

Osteomyelitis 850 15.4

Pneumonia 619 11.2

Septic arthritis 564 10.3

aSome counts are not whole numbers due to averaging of multiply imputed data.
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8.39–9.08). The incidence rate of invasive GBS infection was 
higher among persons with diabetes (54.48 cases/100 000 per-
sons) compared with those without diabetes (4.56 cases/100 000 
persons) (Table 2). Incidence rates of invasive GBS infection were 
higher among people with class III obesity (38.30 cases/100 000 
person-years) vs overweight (5.47 cases/100 000 person-years) 
or normal weight (5.78 cases/100 000 person-years).

In stratified analyses by age, weight, and diabetes status, 
the incidence of invasive GBS was greater in people with dia-
betes among all age and weight categories (Table  3). Notably, 
incidence rates were highest among patients with diabetes and 
either normal weight or class III obesity, with a striking eleva-
tion among patients aged 18–44 years with diabetes and normal 
weight. Among people without diabetes, incidence rates were 
highest among people with class III obesity.

Risk Factors for Invasive GBS Infection

In bivariate analyses, increasing age, class III obesity, and dia-
betes were significantly associated with an increased risk of 
invasive GBS disease, while no associations were identified with 
race or sex (Table 2). In multivariable analysis, class III obesity 

was associated with a 4.87-fold adjusted relative risk of invasive 
GBS disease, while normal weight and class  I/II obesity were 
associated with smaller but statistically significant increases 
(Table 3). When an interaction between diabetes and BMI was 
added to the multivariable model, the adjusted relative risk of 
persons with class III obesity was greater among those without 
diabetes (relative risk [RR], 8.94) compared with those with dia-
betes (RR, 3.02; Pinteraction < .0001) (Table 4). While there was a 
statistically significant interaction between race and BMI, the 
estimated relative risks for class I/II and class III obesity by race 
were similar, and this interaction was not included in the final 
model (Supplemental Table 1).

Diabetes was associated with a 6.04-fold increase in adjusted 
relative risk for invasive GBS. Consistent with the incidence 
rates, the relative risk of invasive GBS infection associated with 
diabetes varied dramatically by age (Pinteraction < .0001) (Table 3), 
with the greatest adjusted relative risk among persons aged 
18–44  years with a normal BMI. The adjusted relative risk of 
invasive GBS associated with diabetes (compared with no dia-
betes) decreased with increased BMI and age. All risk factor 
analyses were repeated restricting to cases with known BMI 
with similar results (data not shown).

The estimated population attributable risks of invasive GBS 
disease were 27.2% overall for class  I, II, and III obesity and 
40.1% for diabetes. Of the population attributable risk for obe-
sity, 59.8% was due to class III obesity.

Clinical Syndrome

The frequency of common clinical syndromes varied by BMI 
category and diabetes status. Adjusting for age, sex, race, and 
diabetes status, case patients with class I/II and class III obesity 
were more likely to have skin and subcutaneous tissue infec-
tion (SSTI) and less likely to have bacteremia without a focus 
(reference: overweight) (Table 5). Adjusting for age, sex, race, 
and BMI category, case patients with diabetes were more likely 
to present with osteomyelitis and SSTI and less likely to pres-
ent with pneumonia and bacteremia without a focus compared 
with patients without diabetes. Adjusting for age, sex, BMI, and 
diabetes status, black patients were less likely to have SSTI and 
more likely to have bacteremia without a focus.

Case Fatality

In multivariable logistic regression, adjusting for age, race, sex, 
diabetes, and clinical syndrome, neither class I/II nor class III 
obesity was associated with an increased odds of death in cases 
of invasive GBS (reference: overweight) (Table  5). Diabetes 
was associated with lower adjusted odds of death (reference: 
no diabetes; OR, 0.73). Black race was associated with a higher 
adjusted odds of death compared with white race (OR, 1.65). 
Of the clinical syndromes, septic shock was associated with the 
highest adjusted odds of death (reference: osteomyelitis; OR, 
64.32), followed by pneumonia (OR, 11.53), and bacteremia 
without a focus (OR, 8.34).

Table  2. Crude Incidence Rates, Bivariate and Multivariable Relative 
Risk of Invasive Group B Streptococcus Infection by Age, Race, Sex, 
Diabetes Status, and Body Mass Index: Active Bacterial Core Surveillance 
(2010–2012)

Variable
Crude Incidence 

Rate
Bivariate Poisson 

Model RR
Multivariable  

Poisson Model RR

Age, y

18–44 2.42
(2.31–2.53)

Reference Reference

45–64 10.60
(10.28–10.93)

4.23
(1.99–8.99)

3.15
(2.25–4.40)

65 and over 22.19
(21.39–23.06)

8.72
(4.07–18.67)

5.49
(3.87–7.78)

Race

White 8.38
(8.18–8.60)

Reference Reference

Black 11.68
(10.68–12.65)

1.38
(0.70–2.74)

1.19
(0.92– 1.53)

Sex

Female 7.06
(6.86–7.28)

Reference Reference

Male 9.96
(9.58–10.38)

1.43
(0.80–2.55)

1.75
(1.41–2.18)

Diabetes

Absent 4.56
(4.45–4.67)

Reference Reference

Present 54.48
(50.49–59.16)

11.60
(8.14–16.54)

6.04
(4.77–7.65)

BMI category

Normal 5.78
(5.50–6.08)

1.07
(0.50–2.30)

1.54
(1.13–2.12)

Overweight 5.47
(5.25–5.70)

Reference Reference

Class I/II 
obesity

10.49
(10.00–11.02)

1.88
(0.95–3.74)

1.52
(1.14–2.02)

Class III 
obesity

38.30
(33.88–44.06)

6.93
(3.23–14.86)

4.87
(3.50–6.77)

http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofy030/-/DC1
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DISCUSSION

In this study, class III obesity and diabetes were independently 
associated with 5-fold and 6-fold increases in adjusted relative 
risk of invasive GBS disease, respectively, while class I/II obe-
sity was associated with smaller increases. People with diabetes 
and either normal weight or class  III obesity had the highest 
incidence rates of invasive GBS infection. Among people with-
out diabetes, those with class III obesity had the highest rates 
of invasive GBS infection. Identification of these populations at 
high risk for invasive group B streptococcal disease is critical 
to the development of effective prevention strategies as well as 
timely diagnosis and treatment.

Diabetes was strongly associated with clinical presentation of 
osteomyelitis, while obesity was associated with SSTI, including 
cellulitis. Cellulitis was less commonly observed among black 
populations, which could be due to difficulties in detecting a 

subtle cellulitis among dark-skinned individuals. Neither obesity 
nor diabetes was associated with increased risk of death among 
patients with invasive GBS infection; in fact, diabetes was asso-
ciated with a small but statistically significant decrease in mor-
tality. Although we adjusted for clinical syndrome in the analysis 
of risk of death, it is possible that this decreased risk reflects the 
lower mortality associated with SSTI and osteomyelitis, which 
were most strongly associated with diabetes and obesity.

Three previous small studies have shown a strong association 
between the risk of invasive GBS infection and diabetes [20–
22]. In 1 study, the risk associated with diabetes was greatest 
among young adults and decreased with age [20], results that 
were confirmed in our larger study.

We found that people with diabetes and normal weight were 
at a higher risk than those with overweight, which was par-
ticularly striking among young adults (aged 18–44 years). The 
reasons for the observed increased risk among normal weight 
persons could be because we misclassified some individuals 
as having normal BMI. While the BMI of cases was abstracted 
from the medical record, the height used to calculate BMI is 
likely a self-reported measure. A  systematic review compar-
ing direct measurement vs self-report of variables for calcu-
lation of BMI found a trend toward over-reporting of height, 
which would result in misclassification of some persons with 
overweight in the normal weight category [23]. The observed 
increase in normal weight persons might also represent the 
effect of an uncontrolled confounder, such as smoking. Finally, 
among the young patients with diabetes and normal weight in 
particular, this might represent a biological difference, such as 
an association with type 1 diabetes. Unfortunately, we are not 
able to distinguish type 1 from type 2 diabetes within our data. 
Future studies are needed to confirm this finding and examine 
these potential causes.

Table 3. Incidence per 100 000 Population of Invasive Group B Streptococcus Infection, by Age, BMI Category, and Presence or Absence of Diabetes and 
Adjusteda Relative Risk Associated With Diabetes by Age and Body Mass Index: Active Bacterial Core Surveillance (2010–2012)

Age Category, y BMI Category

Incidence Rate (95% CI)
Adjusted RR Diabetes

(95% CI)aNo Diabetes Diabetes

18–44 Normal 1.25 (1.15–1.36) 145.18 (77.62–593.99) 35.39 (13.58–92.22)

Overweight 0.97 (0.90–1.06) 26.35 (17.56–52.81) 26.06 (15.79–43.02)

Class I/II obesity 1.47 (1.33–1.63) 29.42 (20.79–50.32) 19.56 (7.94–48.16)

Class III obesity 6.49 (5.25–8.50) 39.06 (22.90–131.81) 8.80 (3.40–22.81)

45–64 Normal 4.12 (3.85–4.42) 70.84 (52.17–110.33) 15.11 (3.62–63)

Overweight 3.17 (3.00–3.36) 43.98 (35.29–58.36) 11.12 (4.21–29.39)

Obese I/II 5.84 (5.47–6.27) 46.34 (39.87–55.32) 8.35 (2.12–32.90)

Obese III 30.86 (25.96–38.04) 108.30 (85.68–147.17) 3.76 (0.91–15.58)

65 and over Normal 12.91 (11.98–13.99) 71.38 (56.95–95.58) 5.41 (1.29–22.75)

Overweight 10.09 (9.45–10.81) 35.99 (30.36–44.18) 3.99 (1.50–10.62)

Obese I/II 15.50 (14.22–17.04) 52.26 (45.68–61.06) 2.99 (0.75–11.88)

Obese III 65.90 (50.30–95.50) 134.83 (100.15–206.27) 1.35 (0.32–5.63)

Reference population is the population of the same age and BMI category without diabetes.
aAdjusted for age, race, sex, BMI, diabetes status.

Table  4. Adjusted Relative Risk of Invasive Group B Streptococcus 
Infection Associated With Body Mass Index by Diabetes Status: Active 
Bacterial Core Surveillance (2010–2012)

Risk Group Reference Group

Adjusted RR for BMI  
Category
(95% CI)

Normal BMI
No diabetes

Overweight
No diabetes

1.45 (1.09–1.94)

Normal BMI
Diabetes

Overweight
Diabetes

1.97 (0.94–4.15)

Class I/II obesity
No diabetes

Overweight
No diabetes

1.72 (1.29–2.28)

Class I/II obesity
Diabetes

Overweight
Diabetes

1.29 (0.65–2.55)

Class III obesity
No diabetes

Overweight
No diabetes

8.94 (6.41–12.46)

Class III obesity
Diabetes

Overweight
Diabetes

3.02 (1.38–6.61)
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Diabetes is a recognized risk factor for infections, including 
lower respiratory tract, skin and soft tissue, and urinary tract 
infections. More recent evidence also implicates obesity as a risk 
factor, most notably for skin and soft tissue infections, as iden-
tified in our study [24–27]. A study of otherwise healthy blood 
donors found that a BMI >30 was associated with a 50% increase 
in risk of hospitalization for infection, with an increased risk 
in abscesses among both sexes (hazard ratio [HR], 2.2), overall 
skin and subcutaneous tissue infections among men (HR, 2.3), 
and respiratory infections and cystitis among women (HRs, 
1.6 and 2.2, respectively) [28]. Our results support the grow-
ing body of evidence that obesity is a risk factor for infections. 
However, the magnitude of the association is notably larger 
than identified in the population-based study above.

Possible mechanisms for the association between obesity and 
invasive GBS infection include changes in skin barrier function 
or alteration of immune function [29]. Obesity triggers a cas-
cade of metabolic dysregulation that contributes to the devel-
opment of type 2 diabetes [30]. These chronic inflammatory 
changes might also contribute to the risk of infection, includ-
ing invasive GBS disease. In addition, the intestinal microbiota 
differs in people with normal weight vs obesity [31–33], and 
some studies have identified increased GBS colonization among 
pregnant women with diabetes and obesity [34–36]. However, 
the prevalence of GBS colonization among nonpregnant adults 
with diabetes and obesity and the contribution of colonization 
to our findings are unknown.

The estimated population attributable risks of invasive GBS 
disease were high for both diabetes (40.1%) and obesity (27.2%), 
which indicates that efforts to reverse the epidemic of obesity 
and diabetes could substantially reduce the incidence of inva-
sive GBS infection [37, 38]. GBS vaccines are in development 
for prevention of neonatal disease [39, 40]. The impact of these 
vaccines in adults will depend in part on the immunogenicity of 
the vaccines in this population, which may be impacted by age 
and underlying conditions.

Our study is limited by the quality of the data used in our 
analyses. We obtained BMI and diabetes data on case patients 
with invasive GBS from abstraction of medical records and 
did not collect information on the type of diabetes or level of 
diabetes control (eg, serum hemoglobin A1C test). BMI was 
imputed using multiple imputation techniques in 17% of cases. 
However, our results were similar with and without the inclu-
sion of cases with imputed data. Case patients may have undiag-
nosed or undocumented diabetes, which could lead to residual 
confounding in the association between obesity and risk of 
invasive GBS. However, class  III obesity remained associated 
with invasive GBS infection among persons with diabetes. 
Although we used self-reported data in BRFSS for denomin-
ator estimates of the prevalence of diabetes and obesity in the 
surveillance population, we corrected for bias in self-report of 
BMI. Despite this, we may still underestimate the prevalence of 
obesity. Additionally, BMI is not an ideal measure of adipos-
ity; the relationship between BMI and adiposity varies across 
demographic groups [41, 42]. We were unable to include eth-
nicity in our analyses due to missing data. We were not able 
to account for socioeconomic status, which may further con-
found the relationship between invasive GBS and diabetes and 
obesity. As our study focused on community-dwelling adults, 
our results may not be generalizable to adults living in care 
facilities.

In summary, obesity and diabetes were associated with a sub-
stantially increased risk of invasive GBS infection. Public health 
efforts that reduce the prevalence of these conditions among 
nonpregnant adults would likely lead to a decreased incidence 
of this serious infection.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.

Table 5. Relative Risks Associated With Diabetes and BMI for Common Clinical Syndromes and Death in Cases With Invasive GBS Disease

Variable

Soft Tissue Infectiona

RR
(95% CI)

Pneumoniaa

RR
(95% CI)

Bacteremiaa

RR
(95% CI)

Osteomyelitisa

RR
(95% CI)

Deathb

RR
(95% CI)

Diabetes

Absent Reference Reference Reference Reference Reference

Present 1.43 (1.26–1.61) 0.79 (0.66–0.94) 0.77 (0.68–0.87) 4.24 (3.55–5.07) 0.73 (0.57–0.94)

BMI category

Underweight 0.54 (0.31–0.95) 1.77 (1.11–2.82) 1.03 (0.68–1.56) 0.76 (0.41–1.39) 2.06 (1.13–3.77)

Normal 0.79 (0.64–0.98) 1.43 (1.10–1.84) 0.91 (0.76–1.09) 1.03 (0.81–1.30) 1.34 (0.95–1.91)

Overweight Reference Reference Reference Reference Reference

Class I/II obesity 1.43 (1.20–1.69) 0.91 (0.70–1.17) 0.84 (0.71–0.99) 0.82 (0.67–1.01) 0.92 (0.64–1.31)

Class III obesity 2.55 (2.12–3.07) 1.10 (0.83–1.46) 0.71 (0.59–0.86) 0.39 (0.30–0.51) 0.85 (0.55–1.30)

aAdjusted for age category, race, and sex.
bAdjusted for age category, race, sex, and primary syndrome.
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