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Background  
Vascular complications of diabetes have declined substantially over the past 20 years.  However, the impact of modern medical treatments on infectious diseases in people with diabetes remains unknown. 

Methods  
We estimated rates of infections requiring hospitalizations in adults (≥18 years) with vs without diabetes, using the 2000—2015 National Inpatient Sample and the National Health Interview Surveys. Annual age-standardized and age-specific hospitalization rates in diabetic and non-diabetic groups were stratified by infection type. Trends were assessed using Joinpoint regression with annual percent change (Δ%/year) reported.   

Results
In 2015, hospitalization rates remained almost four times as high in adults with vs. without diabetes (rate ratio: 3.8 (95%CI: 3.8-3.8)), and as much as 15.7 times as high, depending on infection type. Overall, between 2000 and 2015, rates of hospitalizations increased from 63.1 to 68.7 per 1,000 persons in adults with diabetes, and from 15.5 to 16.3 in adults without diabetes. However, from 2008 rates declined 7.9% in adults without diabetes, (from 17.7 to 16.3 per 1,000 persons; Δ%/year: -1.5, p<0.01), while no significant decline was noted in adults with diabetes. The lack of decline in adults with diabetes in the later period was driven by significant increases in rates of foot infections and cellulitis, as well as lack of decline for pneumonia and post-operative wound infections in young adults with diabetes.   

Conclusions
Findings from this study highlight the need for greater infectious risk mitigation in adults with diabetes, especially young adults with diabetes.
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Introduction
Standards of care for people with diabetes have become increasingly comprehensive.1  Consequently, many diabetes-related complications, particularly macro-vascular disease and related mortality have fallen dramatically in the United States over the past 20 years.2, 3 This has led to longer life expectancy among people with diabetes and, in turn, an increase in the total years of life spent living with diabetes.4 Longer life expectancy may also be enabling a wider range of not only non-communicable disease, but also communicable or infectious diseases that could complicate both general health and diabetes.5 Despite this, existing standards of care dedicate little attention to the prevention of infectious disease in people with diabetes. 

Individuals with diabetes are widely considered to be more prone to certain infections than those without diabetes.5-7 Diabetes has been associated with tuberculosis,8,9 severe gram-positive infections,10,11 influenza and pneumonia,12,13 healthcare-associated infections,9, 14,15 urinary tract infections,16,17 as well as tropical diseases.18 Despite the known biological link between diabetes and risk for infections, current knowledge of trends in infection-related illness in diabetes is surprisingly limited. Existing data are largely limited to cross-sectional or short longitudinal analyses of general infection rates too imprecise to guide intervention and prevention strategies. 

Therefore, to address this knowledge gap, we use nationally representative data from the United States to estimate overall trends in the incidence of hospitalizations with several common infections among adults with and without diabetes between 2000 and 2015.  

Methodology
The National Health Interview Survey (NHIS)
Using annual data from the National Health Interview Survey (NHIS), we estimated the number of persons aged ≥18 years with and without diabetes.19 The NHIS is a multistage probability survey that samples an average of 35,000 adults (≥18 years) per year to estimate the health of the U.S. population, the prevalence and incidence of disease, the extent of disability, and the use of health care services.198 We defined persons with diabetes if they responded yes to the question, “other than during pregnancy, have you ever been told by a doctor or other health professional that you have diabetes or sugar diabetes?” Data from the NHIS were weighted to make estimates representative of the demographic characteristics of the U.S. civilian noninstitutionalized population. 

The National Inpatient Sample (NIS)
The National Inpatient Sample (NIS) is the largest all-payer hospital inpatient care database in the United States. 20 The NIS provides information on primary and secondary diagnoses and procedures, admission and discharge status, payments, and hospital and discharge weights for producing nationally representative estimates. The NIS is drawn from the states participating in the Healthcare Cost and Utilization Project, 33 to 46 states with 7-8 million unweighted inpatient records per year.20 NIS data represent hospital discharges, not individual persons. The current study was based on hospitalizations from January 1, 2000 through  September 30, 2015, during which an adult was admitted to a hospital and had a discharge diagnosis for one of the selected infections, defined using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes, eTable1 in Supplement. Infections included in this analysis were selected based on previously known associations with diabetes,5 as well as those that we considered were more likely to require an inpatient hospital admission. Infection counts were estimated as the number of hospitalizations that included at least one of the codes listed in eTable1.  Excluding post-operative wound infections, this analysis is unable to establish whether infections were acquired in the healthcare setting, or not. Each infection-related hospital discharge was considered to be related to diabetes if any of the listed diagnoses also included a diabetes code (ICD-9-CM: 250, 357.2, 366.41). Comorbidities were additionally defined using ICD-9-CM diagnosis codes (16, 17), eTable2.

Statistical Analysis 
We calculated age-standardized rates of infections requiring hospitalization per 1,000 with diabetes and per 1,000 without diabetes using Stata version 14.1 (StataCorp, College Station, Texas, USA). Annual rates were calculated as the number of infection hospitalizations with and without diabetes (as determined from NIS), divided by the number of persons with and without diabetes (as determined from NHIS). Age-specific (grouped into 18-44, 45-64, 65-74, and ≥75 years) rates were also calculated by infection type. Rates were age-standardized using the 2000 U.S. standard population and the age groups listed above. Excess risk between diabetes and non-diabetes population was estimated as rate ratios (RR) (diabetes rate/non-diabetes rate). Comorbidities among infection-related hospitalizations are reported as proportions or medians, where appropriate, with 95% CI or interquartile range reported. The delta method was used to compute standard errors and 95% confidence intervals (CI) for rates, RRs and proportions accounting for the weighted design of both the NIS and NHIS.21

Joinpoint regression was used to examine trends over time.22 This software uses permutation tests to identify points where linear trends change significantly in either direction or magnitude and calculates an annual percentage change (Δ%/year) for each time period identified. A maximum of two join points were specified. A p-value of <0.05 was established as statistical significance. 

In 2012, the NIS sampling design was changed which has implications for trend analyses. Per NIS guidelines, we used NIS provided trend weights for the years preceding 2012 and the discharge weights beginning in 2012 to make the discharge outcome consistent with the new sampling design.23

On October 1 2015, ICD-10-CM was implemented in the United States. Therefore, 2015 annual administrative data include both ICD-9-CM (Jan 1, 2015 to September 30, 2015) and ICD-10-CM (October 1, 2015 to December 31, 2015). Due to discontinuity across the two coding systems, this study utilises ICD-9-CM data in the first nine months of 2015 data only. Therefore, 2015 population data (from NHIS) were weighted by 0.75 to reflect that only three-quarters of the numerator data were used.24 Additionally, as 2015 data does not include the months of October through December, where rates of seasonal respiratory infections are likely to be higher, data on respiratory infections were truncated at 2014.

NHIS is approved by the Research Ethics Review Board of the National Centre for Health Statistics and the U.S. Office of Management and Budget. All NHIS respondents provided oral consent prior to participation. The NIS is a publicly available dataset and does not contain direct personal identifiers, and is therefore exempt from review by the institutional review board of the Centers for Disease Control and Prevention.

Results 
Characteristics of those hospitalized with an infection between 2000 and 2015, by diabetes status, are described in Table 1. In brief, from 2000 to 2015 the proportion of men increased, mean age decreased and median length of stay remained similar in people with and without diabetes. Notably, while the proportion of most cardiovascular comorbidities declined or remained stable, the proportion of chronic pulmonary disease, liver disease (mild and moderate/severe), rheumatic disease, hemiplegia/paraplegia and renal disease increased. Increases were general similar in people with vs. without diabetes.

In 2015, rates of hospitalization with an infection remained more than four times as high in adults with vs. without diabetes (RR: 3.8 (95%CI: 3.8-3.8)), and 2.6 to 15.7 times as high, depending on infection type (Table 2). Overall, between 2000 and 2015, rates of hospitalizations increased from 63.1 to 68.7 per 1,000 persons in adults with diabetes, and from 15.5 to 16.3 in adults without diabetes. However, from 2008 rates declined 7.9% in adults without diabetes, (from 17.7 to 16.3 per 1,000 persons; Δ%/year: -1.5, p<0.01), while no significant decline was noted in adults with diabetes (Figure 1 and Table 3).  

Between 2000 and 2015, rate increases were observed for influenza, kidney infection, cellulitis, osteomyelitis, and sepsis, while declines were seen for post-operative wound infections, and acute bronchitis or bronchiolitis in both diabetes and non-diabetes populations (Figure 1 andTable 3). Pneumonia and mycosis declined in adults without diabetes from 2009 and 2010, respectively, with no such decline detected for adults with diabetes . Foot infections increased markedly from 2010 onwards among adults with diabetes while significant declines were observed in adults without diabetes from 2006 onwards (Figure 1 and Table 3).

Excess risk for mycosis, pneumonia, influenza, and acute bronchitis and bronchiolitis did not significantly change between 2000 and 2014 (Table 2). Following a period of decline from 2000 to 2009, the excess risk among adults with vs. without diabetes for post-operative wound infections stabilized, but increased significantly for kidney infections, cellulitis, foot infections, osteomyelitis, and sepsis between 2009/2010 and 2015.  

By age, absolute rates of hospitalizations with an infection remained higher in older vs. younger age groups , but patterns in relative changes over time differed (Table 4). For example, in adults with diabetes aged 75+ hospitalizations with an infection declined 22.3% (from 169.5 to 131.7, Δ%/year: -1.7, p<0.001) between 2000 and 2015, and by 18.0% in adults aged 65-74 (from 88.9 to 72.9 per 1,000 person, Δ%/year: -2.4, p<0.001) between 2008 and 2015 following no significant change in rates between 2000 and 2008 (Table 4). Among adults with diabetes aged 45-64, rates remained stable between 2000 and 2015 but increased 49.9% among adults aged 18-44 (from 42.1 to 63.1, Δ%/year: 1.6, p<0.001). 

Patterns by infection type among people with diabetes were, generally, similar: hospitalization rates increased or remained stable among younger age groups (18-44 and 45-64), while declines were noted for most infection types in older age groups (65-74 and 75+) (Table 4). Of note, pneumonia and mycosis increased in the 18-44 age group but declined in older age groups; foot infections increased among the 18-44 and 45-64 age groups but declined in older age groups; post-operative wound infections did not significantly change in the 18-44 group but declined in older age groups; kidney infections increased across all age groups with greater increases in the younger age groups; osteomyelitis increased across all age groups, excluding 75+ where no change was observed; influenza increased across all age groups with greatest increases seen in the older age groups. 

In adults without diabetes, trends were similar to adults with diabetes, with two notable exceptions in the 18-44 age group: 1) where increases in rates of hospitalizations with cellulitis and kidney infections had been noted in adults with diabetes, in adults without diabetes, rates stabilized from 2005 and 2004, respectively, following a period of increase; and 2) while hospitalization rates either increased did not significantly change for pneumonia, foot infections, mycosis and post-operative wound infections in adults with diabetes, in adults without diabetes, rates declined from 2009, 2006, 2010 and 2008, respectively (Table 4).

Discussion
Absolute rates for common infections requiring hospitalization remain almost four times as high in adults with vs. without diabetes in the United States, and are > 15 times as high, depending on infection type. While declines were noted for some infections among adults with and without diabetes (i.e. acute bronchitis and bronchiolitis and post-operative wound infections), increasing trends were observed for sepsis, influenza, kidney infections, osteomyelitis and cellulitis.These increases disproportionality affected adults with diabetes, and in particular young adults with diabetes. Additionally, declines in rates of hospitalizations with pneumonia, foot infections and mycosis were noted in adults without, but not with diabetes, with significant increases observed in young adults with diabetes. Collectively, our findings suggest greater public health and medical initiatives are required to prevent infections requiring hospitalization in adults with diabetes. 

According to 2012 ADA data, about 25% of all inpatient hospital stays are incurred by patients with diabetes.25 Current diabetes guidelines advise on vaccination schedules and foot ulcer prevention,1 as well as glucose control in critical care settings,26 but little else relevant to infectious disease. This observation likely stems from the lack of evidence needed to generate firm guidelines. The limited published data document a consistent increase in infections over time, and increasing more in people with diabetes while residing in a nursing home5 or at hospital discharge.4, 27 Reasons for these increases are likely due to multiple factors of which some may be general, and others may be specific to infection types. 

For example, in our study we observed an alarming increase in hospitalization rates for skin and soft tissue infection (cellulitis, osteomyelitis and foot infections) in adults with diabetes. Further exploration suggests that increases in these infections may be explained, in part, by an increase in the rate of hospitalizations co-occurring with an amputation (eTable 3). Data from another U.S. study corroborate our speculation and show that rates of lower extremity amputations in adults with diabetes began to increase around 2009-2010.28 Geiss et al.28 hypothesize that an increase in amputation rates may be due to a change in clinical practice, whereby clinicians may be more likely to perform minor amputations to prevent major amputations in the future. Our data suggest that amputation increases may be explained, in part, by increases in rates of cellulitis, osteomyelitis and foot infections among adults with diabetes.

Systematic ICD coding and policy changes during the study period likely explain the large increases seen in sepsis in people with and without diabetes.29 In addition, influenza‐related hospitalizations are a small fraction of the total burden of influenza and are highly influenced by patterns and policies for hospital admission, influenza testing, and reporting.30 Nevertheless, coding and policy changes do not explain differential increases in people with vs. without diabetes and in younger vs older adults.  

The increasing rates of other infection types among people with diabetes, especially young adults with diabetes are consistent with a recent resurgence of other diabetes-related complications in the United States.31 Between 2010 and 2015, national statistics have reported increases in lower-extremity amputations (LEAs) and hyperglycaemic crisis, while long-term improvements in ESRD, acute myocardial infarction (AMI), and stroke have stalled.31 Further, the recent increase in complication rates is occurring in young (aged 18-44 years) and middle-aged (aged 45-64 years) adults, among whom the risk of hyperglycaemic crisis, AMI, stroke, and LEAs each increased by more than 25% during only 5 years. We add to this growing body of literature that increases in several infection types also disproportionally affect young people with diabetes at or around the same time. 

Gregg et al. speculate several key plausible reasons that may explain these trends. First, the profile of newly identified diabetes cases may be changing. Higher levels of obesity prevalence, smoking and poor blood pressure and lipid management are seen among younger vs older adults with diabetes.32 Second, decreasing mortality33 among those with diabetes is increasing the average duration of diabetes in the population and this shift may be affecting the risk of complications. Third, there may be a stagnation in preventive care, evidenced by a decline in the proportion of young adults with diabetes meeting individualised HbA1c target.34 Fourth, the introduction of high-deductible health care plans may have contributed to reductions in early preventive care and subsequent increased risk of complications. In addition, the increasing cost of insulin and other diabetes medications could be leading patients to cut back on treatment to minimize costs, thus exposing them to increased risk for complications, including infections.35 

[bookmark: OLE_LINK2]The results of this study have some implications for public health and health care practice. First, in this study we show that diabetes confers an almost four-fold increased risk for infection-related hospitalization. The increasing number of persons living with diabetes is likely to increase the number of persons with infections in the future and will have important implications for hospital burden and patient care. Second, improved awareness by health care providers that diabetes is an important risk factor for infection might help reduce its occurrence. For example, assessment of diabetes at hospital admission may help physicians more accurately discern those at high risk for infection who may benefit from preventive therapeutic strategies such as closer monitoring of glucose levels. Third, improving influenza and pneumococcal vaccination uptake among adults with diabetes under 45 years of age could help to address increasing rates in this group. Last, strategies to increase awareness of infection as a diabetes-related complication among young adults should be emphasized in primary care settings as well as diabetes-care programs.

This is the largest, nationally representative study to explore rates of hospitalizations for infections over time in adults with and without diabetes. Nonetheless, there are limitations to be considered. First, the NIS hospitalization data represent hospital discharges, not individual persons and therefore may include multiple hospital stays for some persons. Second, all types of diabetes are included in the current analysis with the assumption that the vast majority (~90-95%) have type 2.36 In addition, the NHIS is self-reported and does not include undiagnosed diabetes.Thus misclassification may have occurred for a small number of patients. Third, ICD-9-CM codes 487-488 only capture those with a coded diagnosis of influenza,37 which likely underestimates the true rate of influenza hospitalizations. Last, we were unable to adjust for a number of possible confounders including race and ethnicity, body mass index, smoking, vaccination status, prior chronic kidney disease, and socioeconomic position. 

Conclusions
In the United States, between 2000 and 2015, rates of hospitalizations of common infections requiring hospitalization remained substantially higher in adults with as compared to adults without diabetes. This excess risk has not improved over time, and more alarmingly, rates of hospitalizations with foot infections, cellulitis, and pneumonia have increased in young adults with, but not without, diabetes. Further research is warranted to understand the driving cause behind these observed increases. Regardless, this study highlights the need for greater infectious risk factor mitigation in adults with type 2 diabetes, especially young adults with diabetes.
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[bookmark: OLE_LINK4]Figure 1 Age-standardized rates of common infections requiring hospitalization in adults with and without diabetes, United States 2000-2015
Notes: Influenza is not included as rates were too low to plot on this axis. Influenza rates increased in adults with and without diabetes between 2000 and 2014: (Δ%/year: 10.1, p<0.001) and (Δ%/year: 10.5, p<0.001), respectively, Table 2; Data sources: NCHS, National Health Interview Survey and the National Inpatient Sample

Figure 2 Age-specific rates of common infections requiring hospitalization in adults with diabetes, United States 2000-2015
Notes: Influenza is not included as rates were too low to plot on this axis. Influenza rates increased in 18-44 year-olds (Δ%/year: 9.6, p<0.05), 45-64 (Δ%/year: 11.1, p<0.01), 65-74 (Δ%/year (2000-2011): -0.2, p=0.97 and Δ%/year (2011-2014): 35.0, p<0.01) and 75+ (Δ%/year (2000-2011): -1.2, p=0.85 and Δ%/year (2011-2014): 45.9, p<0.01), Table 3; Data sources: NCHS, National Health Interview Survey and the National Inpatient Sample
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	Table 1 Time-stratified characteristics of patients with an infection-related hospitalization, by diabetes status, in the United States 2000—2015

	
	
	Proportion (95%CI)a
	Trend 1b
	Trend 2b

	
	Diabetes
	2000
	2005
	2010
	2015
	Year
	Δ%/year*
	Year
	Δ%/year*

	Characteristics
	
	
	
	
	
	
	
	
	

	Gender (men) 
	no
	45.5 (45.5-46.2
	46 (45.6-46.4)
	46.8 (46.4-47.2)
	47.4 (47.2-47.6)
	2000-2015
	0.3*
	n/a
	

	
	yes
	48.2 (47.8-48.7)
	48.7 (48.4-49.1)
	50.3 (49.9-50.6)
	52.0 (51.8-52.2)
	2000-2009
	0.4*
	2009-2015
	0.8*

	Age (years), mean
	no
	64.3 (63.8-64.8)
	63.7 (63.2-64.2)
	62.7 (62.2-63.2)
	63.3 (63.1-63.5)
	2000-2015
	-0.1*
	n/a
	

	
	yes
	66.3 (66.0-66.6)
	65.8 (65.5-66.1)
	65.4 (65.1-65.7)
	65.6 (65.4-65.7)
	2000-2015
	-0.1*
	n/a
	

	Hospitalization duration (days), median
	no
	5 (3-9)
	5 (3-9)
	5 (3-9)
	5 (3-8)
	NA
	
	
	

	
	yes
	6 (3-10)
	5 (3-9)
	5 (3-8)
	5 (3-8)
	NA
	
	
	

	Comorbidities
	
	
	
	
	
	
	
	
	

	Hypertension
	no
	25.9 (25.5-26.4)
	32.0 (31.5-32.6)
	34.0 (33.4-34.5)
	35.4 (35.2-35.7)
	2000-2004
	5.3*
	2004-2015
	1.1*

	
	yes
	39.4 (38.9-40)
	47.6 (47.1-48.2)
	45.6 (45.1-46.2)
	43.9 (43.7-44.2)
	2000-2004
	4.6*
	2004-2015
	-0.5*

	Myocardial Infarction 
	no
	5.7 (5.5-6)
	6.0 (5.8-6.3)
	6.4 (6.2-6.6)
	6.2 (6.1-6.3)
	2000-2011
	1.1*
	2011-2015
	-1.7*

	
	yes
	8.2 (7.8-8.6)
	8.2 (7.8-8.6)
	8.6 (8.3-9.0)
	7.9 (7.8-8.1)
	2000-2012
	0.5*
	2012-2015
	-3.6*

	Congestive Heart Failure 
	no
	21.4 (20.9-21.9)
	22.9 (22.4-23.5)
	20.5 (20.0-21.0)
	22.5 (22.3-22.8)
	2000-2012
	-0.6
	2012-2015
	2.3

	
	yes
	30.8 (30.2-31.4)
	31.5 (30.9-32.1)
	29.1 (28.5-29.7)
	30.7 (30.4-31.0)
	2000-2012
	-0.7*
	2012-2015
	1.3

	Peripheral Vascular Disease 
	no
	6.9 (6.7-7.1)
	6.9 (6.6-7.3)
	7.4 (7.1-7.6)
	7.5 (7.3-7.7)
	2000-2015
	0.6*
	n/a
	

	
	yes
	21.9 (21.4-22.4)
	18.0 (17.5-18.6)
	16.9 (16.4-17.4)
	16.8 (16.5-17.1)
	2000-2006
	-3.6*
	2006-2015
	-0.7*

	Cerebrovascular disease 
	no
	5.5 (5.3-5.7)
	4.6 (4.5-4.8)
	5.2 (5.1-5.4)
	5 (4.9-5)
	2000-2015
	-0.2
	n/a
	

	
	yes
	7.0 (6.7-7.3)
	5.6 (5.4-5.8)
	6.2 (6-6.4)
	5.6 (5.5-5.8)
	2000-2015
	-0.9*
	n/a
	

	Dementia 
	no
	3.8 (3.6-4)
	3.5 (3.3-3.7)
	3.2 (3.1-3.4)
	2.6 (2.5-2.7)
	2000-2011
	-1.1*
	2011-2015
	-6.4*

	
	yes
	2.7 (2.5-2.8)
	2.6 (2.5-2.8)
	2.6 (2.5-2.7)
	2.0 (2.0-2.1)
	2000-2009
	0.9
	2009-2015
	-5.6*

	Chronic pulmonary disease 
	no
	30.7 (30.1-31.3)
	34.3 (33.7-34.9)
	33.1 (32.4-33.8)
	34.5 (34.2-34.8)
	2000-2004
	2.7*
	2004-2015
	0.1

	
	yes
	24 (23.4-24.5)
	30.9 (30.2-31.5)
	32.4 (31.7-33.1)
	32.3 (31.9-32.6)
	2000-2006
	5.1*
	2006-2015
	-0.0

	Peptic ulcer disease 
	no
	1.7 (1.6-1.7)
	1.4 (1.3-1.5)
	1.3 (1.2-1.3)
	1.1 (1.1-1.2)
	2000-2006
	-3.6*
	2006-2015
	-1.5*

	
	yes
	1.3 (1.3-1.4)
	1.1 (1-1.2)
	1.0 (1.0-1.1)
	0.8 (0.8-0.8)
	2000-2012
	-3.0*
	2012-2015
	-5.8*

	Rheumatic disease 
	no
	2.8 (2.7-2.9)
	3.2 (3.1-3.3)
	3.6 (3.5-3.7)
	3.9 (3.8-3.9)
	2000-2012
	2.7*
	2012-2015
	0.4

	
	yes
	1.8 (1.7-1.9)
	2.1 (2.1-2.2)
	2.6 (2.5-2.7)
	2.7 (2.6-2.7)
	2000-2011
	3.9*
	2011-2015
	-0.4

	Mild liver disease 
	no
	2.7 (2.6-2.8)
	3.6 (3.4-3.7)
	4.6 (4.3-4.8)
	5.3 (5.2-5.5)
	2000-2015
	4.4*
	n/a
	

	
	yes
	2.2 (2.0-2.3)
	2.9 (2.8-3)
	3.8 (3.6-4.0)
	4.5 (4.4-4.6)
	2000-2012
	5.3*
	2012-2015
	2.1*

	Moderate or severe liver disease 
	no
	0.6 (0.6-0.7)
	0.8 (0.7-0.8)
	1.3 (1.2-1.4)
	1.5 (1.5-1.6)
	2000-2015
	7.1*
	n/a
	

	
	yes
	0.5 (0.5-0.5)
	0.6 (0.6-0.6)
	0.9 (0.9-1.0)
	1.1 (1.0-1.1)
	2000-2011
	7.2*
	2011-2015
	2.4

	Hemiplegia or paraplegia 
	no
	1.9 (1.8-1.9)
	1.9 (1.8-2)
	2.8 (2.7-2.9)
	2.9 (2.8-3.0)
	2000-2015
	3.5*
	n/a
	

	
	yes
	1.1 (1-1.1)
	1.1 (1.0-1.1)
	1.6 (1.5-1.6)
	1.6 (1.5-1.6)
	2000-2015
	3.0*
	n/a
	

	Renal disease 
	no
	5.1 (4.9-5.3)
	7.7 (7.5-8.0)
	13.1 (12.7-13.4)
	15.2 (15.0-15.4)
	2000-2007
	14.6*
	2007-2015
	3.6*

	
	yes
	14.6 (14.1-15.1)
	17.2 (16.7-17.8)
	27.9 (27.2-28.5)
	31.0 (30.7-31.3)
	2000-2009
	8.6*
	2009-2015
	2.0

	Malignancy, except malignant neoplasm of skin
	no
	9.0 (8.7-9.2)
	9.4 (9.0-9.7)
	10.6 (10.0-11.3)
	10.4 (10.1-10.7)
	2000-2015
	1.3*
	n/a
	

	
	yes
	4.7 (4.5-4.8)
	5.2 (5.1-5.4)
	6.2 (5.9-6.5)
	6.1 (5.9-6.2)
	2000-2012
	2.8*
	2012-2015
	-1.7

	Metastatic solid tumour
	no
	4.1 (3.9-4.2)
	4.2 (4.1-4.4)
	4.6 (4.3-5.1)
	4.4 (4.2-4.5)
	2000-2015
	0.8*
	n/a
	

	
	yes
	1.8 (1.7-1.9)
	2.0 (1.9-2.1)
	2.4 (2.2-2.5)
	2.1 (2.0-2.2)
	2000-2010
	3.1*
	2010-2015
	-2.4*

	HIV/AIDS 
	no
	2.3 (1.9-2.8)
	2.0 (1.6-2.4)
	1.8 (1.4-2.2)
	1.2 (1.1-1.3)
	2000-2015
	-4.9*
	
	

	
	yes
	0.4 (0.3-0.5)
	0.4 (0.3-0.5)
	0.5 (0.4-0.6)
	0.4 (0.3-0.4)
	2000-2008
	2.1
	2008-2015
	-4.9*

	aData are reported as the proportions and 95%CI, unless otherwise stated bIndicates the year in which linear trends change in either direction or magnitude;; n/a no second trend identified; NA linear trend not assessed as data are not normally distributed. *p<0.05; Data sources: NCHS, the National Inpatient Sample



	Table 2 Excess risk for common infections requiring hospitalization in people with vs. without diabetes in the United States between 2000 and 2015

	
	Rate ratio (95%CI)
	Trend 1c
	Trend 2c

	
	2000
	2005
	2010
	2015a
	Year
	Δ%/year
	Year
	Δ%/year

	Any infectionb
	3.5 (3.5-3.5)
	3.4 (3.4-3.4)
	3.3 (3.3-3.3)
	3.8 (3.8-3.8)
	2000-2015
	0.2
	n/a
	

	Respiratory infections
	
	
	
	
	
	
	
	

	   Pneumonia
	2.4 (2.4-2.4)
	2.4 (2.3-2.4)
	2.2 (2.2-2.2)
	2.6 (2.6-2.6)
	2000-2014
	0.2
	n/a
	

	   Influenza
	2.8 (2.8-2.9)
	2.6 (2.5-2.6)
	2.9 (2.8-3.1)
	3.3 (3.3-3.4)
	2000-2014
	0.2
	n/a
	

	   Acute bronchitis and bronchiolitis
	3.4 (3.4-3.4)
	3.5 (3.5-3.6)
	3.4 (3.4-3.4)
	3.7 (3.7-3.8)
	2000-2014
	0.5
	n/a
	

	Kidney infections
	3.6 (3.5-3.6)
	3.3 (3.2-3.3)
	3.5 (3.4-3.5)
	4.3 (4.3-4.4)
	2000-2009
	-0.6
	2009-2015
	4.0*

	Skin, soft tissue and bone infections

	   Cellulitis
	6.9 (6.9-7.0)
	5.8 (5.8-5.9)
	5.2 (5.2-5.3)
	6.9 (6.9-6.9)
	2000-2009
	-2.6*
	2009-2015
	4.9*

	   Foot infections
	14.9 (14.8-15.0)
	11.5 (11.5-11.6)
	10.4 (10.3-10.4)
	14.7 (14.6-14.8)
	2000-2009
	-3.8*
	2009-2015
	5.9*

	   Osteomyelitis
	14.0 (13.9-14.2)
	12.6 (12.5-12.8)
	10.9 (10.8-11.0)
	15.7 (15.5-15.8)
	2000-2010
	-1.8*
	2010-2015
	6.3*

	Mycosis
	2.4 (2.4-2.5)
	2.4 (2.4-2.4)
	2.3 (2.3-2.4)
	2.8 (2.8-2.8)
	2000-2015
	0.6
	n/a
	

	Post-operative wound infections
	3.3 (3.3-3.4)
	2.8 (2.8-2.9)
	2.7 (2.6-2.7)
	3.2 (3.2-3.2)
	2000-2009
	-2.3*
	2009-2015
	2.6

	Sepsis 
	3.3 (3.3-3.3)
	2.5 (2.5-2.6)
	2.4 (2.4-2.4)
	3.2 (3.2-3.2)
	2000-2009
	-3.2*
	2009-2015
	4.3*

	a2014 for respiratory tract infections; bAny infection included in the table, excluding sepsis; c Trends indicate the year in which trends change significantly in either direction or magnitude *p<0.05; n/a=no second trend identified; Data sources: NCHS, National Health Interview Survey and the National Inpatient Sample




	Table 3 Age-standardized rates for common infections requiring hospitalization in people with versus without diabetes in the United States between 2000 and 2015

	
	
	Age-standardized hospitalization rate (per 1,000 people) (95%CI)
	Trend 1c
	Trend 2c

	Infection
	Diabetes
	2000
	2005
	2010
	2015a
	Year
	Δ%/year
	Year
	Δ%/year

	Any infectionb 
	Yes
	63.1 (61.0-65.3)
	63.8 (61.9-65.8)
	58.8 (57.1-60.5)
	68.7 (67.2-70.3)
	
	0.2
	
	

	
	No
	15.5 (15.2-15.7)
	17.3 (17.0-17.5)
	17.2 (17.0-17.5)
	16.3 (16.1-16.4)
	2000-2008
	1.7
	2008-2015
	-1.5*

	Respiratory infections
	
	
	
	
	
	
	
	

	   Pneumonia
	Yes
	20.2 (19.0-21.5)
	21.8 (20.6-23.0)
	19.7 (18.7-20.7)
	20.7 (20.0-21.5)
	2000-2014
	-0.1
	n/a
	

	
	No
	8.6 (8.4-8.7)
	9.23 (9.0-9.4)
	9.1 (8.9-9.3)
	8.0 (8.0-8.2)
	2000-2009
	1.0*
	2009-2014
	-2.3*

	   Influenza
	Yes
	0.6 (0.2-1.0)
	0.6 (0.3-1.0)
	0.2 (-0.0-0.4)
	1.7 (1.3-2.1)
	2000-2014
	10.9*
	n/a
	

	
	No
	0.2 (0.2-0.3)
	0.2 (0.2-0.2)
	0.1 (0.0-0.1)
	0.5 (0.5-0.6)
	2000-2014
	10.5*
	n/a
	

	Acute bronchitis             and bronchiolitis
	Yes
	2.6 (2.0-3.2)
	2.7 (2.2-3.2)
	2.1 (1.7-2.6)
	1.8 (1.5-2.3)
	2000-2008
	0.4
	2008-2014
	-5.2*

	
	No
	0.8 (0.7-0.8)
	0.8 (0.7-0.8)
	0.6 (0.6-0.7)
	0.6 (0.5-0.6)
	2000-2004
	4.0
	2004-2014
	-4.1*

	Kidney infection
	Yes
	2.6 (2.0-3.2)
	2.8 (2.2-3.3)
	3.2 (2.7-3.7)
	4.2 (3.6-4.8)
	2000-2013
	2.1*
	2013-2015
	11.1

	
	No
	0.7 (0.7-0.8)
	0.8 (0.8-0.9)
	0.9 (0.9-1.0)
	1.0 (0.9-1.0)
	2000-2004
	3.1*
	2004-2015
	1.1*

	Skin, soft tissue and bone infections
	
	
	
	
	
	
	

	Cellulitis
	Yes
	19.9 (18.6-21.3)
	22.1 (20.9-23.4)
	21.1 (20.0-22.1)
	26.5 (25.4-27.6)
	2000-2015
	1.1*
	n/a
	

	
	No
	2.9 (2.8-3.0)
	3.8 (3.7-3.9)
	4.0 (3.9-4.2)
	3.8 (3.7-3.9)
	2000-2006
	5.6*
	2006-2015
	-0.4

	Foot infections
	Yes
	20.7 (19.3-22.1)
	17.3 (16.1-18.4)
	15.1 (14.2-16.1)
	19.9 (18.9-20.9)
	2000-2010
	-3.1*
	2010-2015
	4.7*

	
	No
	1.4 (1.3-1.5)
	1.5 (1.4-1.6)
	1.5 (1.4-1.5)
	1.4 (1.3-1.4)
	2000-2006
	1.4
	2006-2015
	-1.8*

	Osteomyelitis
	Yes
	5.1 (4.3-5.9)
	5.2 (4.4-5.9)
	5.9 (5.3-6.6)
	9.1 (8.3-9.9)
	2000-2009
	1.0
	2009-2015
	7.5*

	
	No
	0.4 (0.3-0.4)
	0.4 (0.4-0.5)
	0.5 (0.5-0.6)
	0.6 (0.5-0.6)
	2000-2015
	2.9*
	n/a
	

	Mycosis
	Yes
	6.4 (5.5-7.2)
	6.9 (6.1-7.7)
	7.4 (6.7-8.1)
	7.5 (6.7-8.2)
	2000-2015
	1.0*
	
	

	
	No
	1.6 (1.5-1.7)
	2.0 (1.8-2.1)
	2.3 (2.2-2.4)
	1.9 (1.8-2.0)
	2000-2010
	3.7*
	2010-2015
	-4.0*

	Post-operative wound infections
	Yes
	2.9 (2.2-3.5)
	2.7 (2.1-3.2)
	2.4 (1.9-2.9)
	2.1 (1.6-2.6)
	2000-2015
	-2.4*
	n/a
	

	
	No
	0.9 (0.8-0.9)
	0.9 (0.9-1.0)
	0.9 (0.8-1.0)
	0.7 (0.6-0.7)
	2000-2008
	1.3*
	2008-2015
	-5.3*

	Sepsis 
	Yes
	9.2 (8.2-10.2)
	9.6 (8.7-10.6)
	12.2 (11.4-13.1)
	23.8 (22.7-24.9)
	2000-2010
	3.4*
	2010-2015
	13.3*

	
	No
	2.8 (2.7-2.3)
	3.8 (3.7-3.9)
	5.1 (5.0-5.3)
	7.5 (7.3-7.6)
	2000-2013
	6.1*
	2013-2015
	11.8*

	a2014 for respiratory tract infections; bAny infection included in the table, excluding sepsis; c Trends indicate the year in which trends change significantly in either direction or magnitude; *p<0.05; n/a=no second trend identified; Data sources: NCHS, National Health Interview Survey and the National Inpatient Sample



	Table 4 (1) Age-specific trends in rates of hospitalizations with an infection in people with vs. without diabetes in the United States between 2000 and 2015

	
	
	Age group

	
	
	18-44
	45-64

	
	
	Trend 1b
	
	Trend 2b
	
	Trend 1b
	
	Trend 2b
	

	Infection
	Diabetes
	Year
	Δ%/year
	Year
	Δ%/year
	Year
	Δ%/year
	Year
	Δ%/year

	Any infectiona
	Yes
	2000-2015
	1.6*
	n/a
	
	2000-2015
	-0.0
	n/a
	

	
	No
	2000-2006
	3.7*
	2006-2015
	-0.6
	2000-2009
	2.9*
	2009-2015
	-0.5

	Respiratory infections
	
	
	
	
	
	
	
	

	Pneumonia
	Yes
	2000-2014
	1.0*
	n/a
	
	2000-2014
	0.5
	n/a
	

	
	No
	2000-2009
	1.5*
	2009-2014
	-2.3*
	2000-2009
	2.8*
	2009-2014
	-0.5

	Influenza
	Yes
	2000-2014
	9.6*
	n/a
	
	2000-2014
	11.1*
	n/a
	

	
	No
	2000-2014
	7.8*
	n/a
	
	2000-2014
	11.3*
	n/a
	

	Acute bronchitis and bronchiolitis
	Yes
	2000-2008
	1.3
	2008-2014
	-4.0*
	2000-2004
	6.0
	2004-2014
	-4.8*

	
	No
	2000-2009
	-0.5
	2009-2014
	-5.3*
	2000-2008
	1.5
	2008-2014
	-7.1*

	Kidney infection
	Yes
	2000-2015
	3.4*
	n/a
	
	2000-2009
	-0.7
	2009-2015
	5.6*

	
	No
	2000-2004
	2.8*
	2004-2015
	0.3
	2000-2013
	2.5*
	2013-2015
	7.4*

	Skin, soft tissue and bone infections
	
	
	
	
	
	
	
	

	Cellulitis
	Yes
	2000-2015
	2.4*
	n/a
	
	2000-2015
	0.5
	n/a
	

	
	No
	2000-2005
	11.1*
	2005-2015
	0.2
	2000-2007
	5.7*
	2007-2015
	0.3

	Foot infections
	Yes
	2000-2010
	1.4
	2010-2015
	8.4*
	2000-2009
	-3.8*
	2009-2015
	3.3*

	
	No
	2000-2006
	3.6*
	2006-2015
	-0.9*
	2000-2006
	3.6*
	2006-2015
	0.7*

	Osteomyelitis
	Yes
	2000-2009
	1.7
	2009-2015
	9.9*
	2000-2009
	0.8
	2009-2015
	6.9*

	
	No
	2000-2015
	3.0*
	n/a
	
	2000-2015
	4.4*
	n/a
	

	Mycosis
	Yes
	2000-2015
	1.1*
	n/a
	
	2000-2011
	2.3*
	2011-2015
	-1.8

	
	No
	2000-2010
	1.2*
	2010-2015
	-2.8*
	2000-2010
	4.5*
	2010-2015
	-2.6*

	Post-operative wound infections
	Yes
	2000-2015
	-1.2
	n/a
	
	2000-2015
	-3.0*
	n/a
	

	
	No
	2000-2008
	1.5*
	2008-2015
	-5.0*
	2000-2009
	1.6*
	2009-2015
	-5.1*

	Sepsis 
	Yes
	2000-2010
	4.2*
	2010-2015
	19.6*
	2000-2009
	2.5*
	2009-2015
	11.3*

	
	No
	2000-2011
	7.4*
	2011-2015
	16.8*
	2000-2013
	7.7*
	2013-2015
	13.9*

	aAny infection included in the table, excluding sepsis; bTrends indicate the year in which trends change significantly in either direction or magnitude; *p<0.05; n/a=no second trend identified; Data sources: NCHS, National Health Interview Survey and the National Inpatient Sample.




	Table 4 (2) Age-specific trends in rates for hospitalizations with an infection in people with vs. without diabetes in the United States between 2000 and 2015

	
	
	Age group

	
	
	65-74
	75+

	
	
	Trend 1b
	Trend 2b
	Trend 1b
	Trend 2b

	Infection
	Diabetes
	Year
	Δ%/year
	Year
	Δ%/year
	Year
	Δ%/year
	Year
	Δ%/year

	Any infectiona
	Yes
	2000-2008
	-0.2
	2008-2015
	-2.4*
	2000-2015
	-1.7*
	n/a
	

	
	No
	2000-2008
	1.4
	2008-2015
	-2.6*
	2000-2008
	0.6
	2008-2014
	-2.0*

	Respiratory infections
	
	
	
	
	
	
	
	
	

	Pneumonia
	Yes
	2000-2008
	1.8*
	2008-2014
	-3.1*
	2000-2014
	-1.3*
	n/a
	

	
	No
	2000-2008
	1.4*
	2008-2014
	-2.9*
	2000-2008
	0.5
	2008-2014
	-2.4*

	Influenza
	Yes
	2000-2011
	-0.2
	2011-2014
	35.0*
	2000-2011
	-1.2
	2011-2014
	45.9*

	
	No
	2000-2011
	-1.1
	2011-2014
	36.0*
	2000-2011
	-2.1
	2011-2014
	48.9*

	Acute bronchitis and bronchiolitis
	Yes
	2000-2004
	6.9
	2004-2014
	-6.0*
	2000-2014
	-2.6*
	n/a
	

	
	No
	2000-2004
	9.4
	2004-2014
	-7.4*
	2000-2014
	-2.3*
	n/a
	

	Kidney infection
	Yes
	2000-2015
	1.9*
	n/a
	
	2000-2015
	1.5*
	n/a
	

	
	No
	2000-2015
	1.9*
	n/a
	
	2000-2009
	3.0*
	2009-2015
	0.4

	Skin, soft tissue and bone infections
	
	
	
	
	
	
	
	

	Cellulitis
	Yes
	2000-2012
	-0.3
	2012-2015
	-4.4*
	2000-2015
	-1.4*
	n/a
	

	
	No
	2000-2008
	3.0*
	2008-2015
	-2.0*
	2000-2010
	1.5*
	2010-2015
	-3.3*

	Foot infections
	Yes
	2000-2010
	-4.3*
	2010-2015
	-1.5*
	2000-2015
	-4.5*
	n/a
	

	
	No
	2000-2005
	1.9
	2005-2015
	-2.2*
	2000-2008
	-0.6
	2008-2015
	-3.7

	Osteomyelitis
	Yes
	2000-2015
	1.4*
	n/a
	
	2000-2015
	-0.1
	n/a
	

	
	No
	2000-2015
	2.8*
	n/a
	
	2000-2015
	1.3*
	n/a
	

	Mycosis
	Yes
	2000-2012
	2.1*
	2012-2015
	-7.1*
	2000-2011
	1.7
	2011-2015
	-4.9

	
	No
	2000-2010
	4.3*
	2010-2015
	-5.3*
	2000-2010
	4.3*
	2010-2015
	-5.3*

	Post-operative wound infections
	Yes
	2000-2009
	-1.4*
	2009-2015
	-6.9*
	2000-2008
	-1.7
	2008-2015
	-6.5*

	
	No
	2000-2008
	1.1
	2008-2015
	-6.2*
	2000-2008
	-0.1
	2008-2015
	-6.6*

	Sepsis 
	Yes
	2000-2010
	3.3*
	2010-2015
	7.0*
	2000-2010
	2.7*
	2010-2015
	7.1*

	
	No
	2000-2015
	5.6*
	n/a
	
	2000-2015
	5.23
	n/a
	

	aAny infection included in the table, excluding sepsis; bIndicates the year in which linear trends change significantly in either direction or magnitude; *p<0.05; n/a=no second trend identified; Data sources: NCHS, National Health Interview Survey and the National Inpatient Sample





