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Background: This study estimated the risk of infection-related hospitalizations and death in patients with 
and without multiple sclerosis (MS).

Methods: We identified adults with MS in the US Department of Veterans Affairs (VA) system between 
1999 and 2010. Each veteran with MS was matched, on age and sex, with up to four veterans without 
MS. Multivariable Cox proportional hazards regression models were performed to assess the influence of 
MS on the development of serious and fatal infections. 

Results: The cohort included 7743 veterans with MS and 30,972 veterans without MS. Mean (SD) age 
was 53.8 (13.3) years, and 80.8% were male. The incidence per 1000 person-years of overall serious infec-
tions was 19.2 (95% confidence interval [CI], 17.6-20.8) for those with MS and 10.3 (95% CI, 9.8-10.9) 
for those without MS. Fatal infection incidence rates were 1.2 (95% CI, 0.8-1.7) for patients with MS and 
0.5 (95% CI, 0.3-0.6) for patients without MS. Regression models showed that veterans with MS were at 
greater risk for overall serious (hazard ratio [HR] = 1.52, P < .01) and fatal (HR = 1.85, P = .03) infec-
tions and serious respiratory (HR = 1.31, P = .01), urinary tract (HR = 4.44, P < .01), and sepsis-related 
infections (HR = 2.56, P < .01).

Conclusions: This study provides evidence that VA patients with MS are more likely than those without 
MS to be hospitalized and die of infection. Int J MS Care. 2015;17:221–230.

Multiple sclerosis (MS) is the most common 
autoimmune inflammatory demyelinating 
disease of the central nervous system, affect-

ing approximately 400,000 individuals in the United 
States.1 The Department of Veterans Affairs (VA) 
health-care system treats approximately 16,000 veterans 
with MS each year.2 MS is a chronic disease that results 

in an annual cost burden of $8500 to $54,000 per 
patient in the United States, much of it from complica-
tions secondary to MS.3,4

Two recent studies have demonstrated an increased 
risk of infection-related hospitalizations and infection-
related mortality in patients with MS compared with 
those without MS in Sweden and the United King-
dom.5,6 The objective of this study was to examine the 
risk of hospitalization and death due to infections in 
patients with and without MS in a cohort of US veterans.

Methods
Study Design and Data Set

This study used a historical cohort design and data 
from the national VA health-care system, the largest 
integrated health-care system in the United States.7 The 
system collects data on utilization (pharmacy records 
and inpatient and outpatient encounters), clinical 
parameters (vital signs, laboratory test results, radiology 
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index date and continuing until any of the following: 
1) the first occurrence of the study-specified outcome 
as described later herein, 2) death, 3) the start date of a 
12-month gap without a VA clinical encounter, or 4) the 
end of the study period (December 31, 2010, for serious 
infections; September 30, 2009, for fatal infections).

Outcomes
The primary outcome for this study was serious 

infection. An infection was considered serious if it was 
the admitting diagnosis for a VA hospital inpatient stay 
lasting more than 24 hours. The secondary outcome 
was infection-related death as identified in the NDI 
data. We identified overall serious (VA data) and fatal 
(NDI data) infections and those specific to opportunis-
tic, respiratory, urinary tract, sepsis, and skin and soft-
tissue infections using ICD-9-CM codes (Supplementary 
Table 1, published in the online version of this article at 
ijmsc.org).

Independent Variables
We used VA electronic medical record data and 

ICD-9-CM codes to identify demographic characteris-
tics, disability status, comorbid conditions, treatments, 
and health-care utilization. The presence of these inde-
pendent variables was captured in the 6 months before 
the index date for each patient. For variables whose 
definition relied on ICD-9-CM and Current Procedural 
Terminology procedure codes, we assumed that the con-
dition was present if the patient had at least one code in 
the 6-month pre-index period. The definitions of these 
variables are in Supplementary Table 2. Patients miss-
ing data for a categorical or continuous variable were 
counted and described separately.

Identification of MS Subtype
MS can be categorized into four subtypes: relapsing-

remitting (RRMS), secondary progressive (SPMS), 
primary progressive (PPMS), and progressive relaps-
ing (PRMS). Because MS is wholly contained as a 
three-digit ICD-9-CM code without distinction of MS 
subtype, this information was extracted from patients’ 
clinical notes using natural language processing (NLP). 
Clinical experts were interviewed for possible keywords 
and phrases denoting MS subtype. For each patient, 
electronic medical record clinical notes from the first MS 
diagnosis date onward were searched by NLP for these 
keywords and phrases. The presence of subtype-related 
keywords and phrases was analyzed by NLP in context 
to remove mentions that were negated (eg, “not relaps-
ing remitting”) or unrelated to MS (eg, “RR” meaning 
respiratory rate rather than relapsing remitting). Each 
subtype mention in the patients’ notes in the post-index 
period was captured, along with the date of each men-

reports, etc.), and demographics (age, sex, and race/eth-
nicity). We used data from the VA’s Decision Support 
System, which includes pharmacy data, and Medical 
SAS data sets, including data from inpatient and outpa-
tient medical encounters. Finally, we used unstructured 
data in the form of narrative text from clinical notes.

In addition to data from the VA, we also used data 
from the National Death Index (NDI), administered by 
the National Center for Health Statistics in the Centers 
for Disease Control and Prevention, to capture mortal-
ity. At the time of this study, NDI data were available to 
us only up to September 30, 2009.

Patients
We identified all patients nationwide in the VA sys-

tem with a diagnosis of MS between January 1, 1999, 
and December 31, 2010. We defined a diagnosis of MS 
to be at least two instances of the International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) code 340 (multiple sclerosis), with the date 
of the first diagnosis defined as the index date. We then 
excluded patients having a diagnosis code of 341 (other 
demyelinating diseases of the central nervous system). 
In an attempt to limit the sample to regular users of the 
VA setting, we also excluded patients who did not have 
encounters in the VA system at least 180 days before the 
index date. Finally, we excluded patients with invalid 
death dates (eg, death dates that occurred before the 
index date).

For each included veteran with MS, we randomly 
matched four veterans without MS on corresponding 
year of birth and sex. To be included in this match-
ing process, patients without MS were defined as VA 
patients with no occurrence of diagnosis code 340, 
341, 323.6 (other causes of encephalitis, myelitis, and 
encephalomyelitis), or 277.86 (adrenoleukodystrophy). 
Matched non-MS patients were assigned the same index 
date as their MS counterparts.

Standard Protocol Approvals, Registrations, 
and Patient Consents

All relevant ethical safeguards have been met in rela-
tion to patient or subject protection. Approval for this 
study was obtained through the University of Utah’s 
institutional review board and the VA’s Office of 
Research and Development; therefore, this study was 
performed in accordance with the ethical standards con-
tained in the 1964 Declaration of Helsinki and its later 
amendments.

Observation Period
We identified patient baseline characteristics and risk 

factors for infections on or 6 months before the index 
date. We followed patients starting the day after the 
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temic lupus erythematosus, Wegener’s granulomatosis, 
scleroderma, Sjögren’s disease, polymyositis, pemphigus, 
myasthenia gravis, and psoriasis], cardiovascular disease, 
chronic obstructive pulmonary disease [COPD], diabe-
tes, drug dependence, ischemic heart disease, kidney dis-
ease, malignant disease, other heart disease, pulmonary 
circulation diseases, and smoking); medication exposures 
(treatment for alcohol abuse, COPD, diabetes, ischemic 
heart disease, other heart disease, and immunosuppres-
sive drugs); and health-care utilization (cumulative days 
of hospitalization, number of outpatient visits, and num-
ber of distinct medications prescribed).

Results
Patient Characteristics

A total of 38,234 patients had at least one diagnosis 
for MS between January 1, 1999, and December 31, 
2010 (Figure 1). The exclusion process resulted in 7743 
veterans with MS matched on year of birth and sex to 
30,972 veterans without MS, all included in the serious 
infection analyses.

Baseline characteristics of the cohort are summarized 
in Table 1. The mean (SD) age of veterans in this study 
was 53.8 (13.3) years, and 80.8% were male. Race was 
identified in more than 80% of the cohort. Patients were 
predominantly white (60.0%) or black (17.1%). Only 
one-third of patients with MS had a subtype identified. 
The most common comorbidities were diabetes (MS, 
9.6%; no MS, 12.1%), smoking (MS, 8.0%; no MS, 
7.8%), and COPD (MS, 6.5%; no MS, 6.6%). Com-
pared with patients without MS, those with MS had 
greater mean numbers of hospital days (1.8 vs. 0.6, P = 
.02), outpatient visits (9.0 vs. 5.2, P < .01), and medica-
tions prescribed (5.2 vs. 3.4, P < .01).

Infection Rates
The rates of serious and fatal infections for patients 

with and without MS are summarized in Table 2. 
The overall rate of serious infections in patients with 
MS (19.2 per 1000 person-years, 95% CI, 17.6-20.8) 
was nearly twice as high as that in those without MS 
(10.3 per 1000 person-years, 95% CI, 9.8-10.9). Most 
serious and fatal infections were nonopportunistic in 
patients with and without MS. The rates (95% CIs) of 
serious respiratory (5.1 [4.3-6.0] per 1000 person-years 
vs. 3.2 [2.9-3.5] per 1000 person-years), urinary tract 
(7.6 [6.7-8.7] per 1000 person-years vs. 1.4 [1.2-1.6] 
per 1000 person-years), and sepsis (1.4 [1.0-1.9] per 
1000 person-years vs. 0.5 [0.4-0.6] per 1000 person-
years) infections were much higher in patients with MS 
than in those without MS. Skin and soft-tissue infec-
tions were rare in patients with and without MS.

tion. One thousand mentions of MS subtype from the 
NLP results were validated, and all the records for 150 
randomly selected patients were reviewed for missed 
mentions.

Patients with only one of the four subtypes during the 
entire post-index period were designated as having that 
subtype. It is common for patients with MS to progress 
from RRMS to SPMS. However, for patients for whom 
this progression occurred, we designated their baseline 
subtype as RRMS but allowed the subtype to change 
to SPMS over time as a time-varying covariate in the 
regression analysis. Patients with combinations of more 
than one subtype other than RRMS and SPMS were 
assigned the subtype with the mode value (ie, the sub-
type that was mentioned most often). Finally, patients 
with no true mode (ie, an equal number of documents 
mentioning two or more subtypes) and those with no 
mentions of a subtype in their notes were designated as 
having “unknown” subtype.

Analysis
Patient Characteristics

Descriptive statistics were calculated to characterize 
baseline demographics, disability, and comorbid diagno-
ses. Statistics were calculated separately for veterans with 
and without MS.

Infection Rates
We calculated the rates for each infection outcome 

separately for patients with and without MS overall and 
in categories of infection risk factors. For each infection 
rate, we constructed an exact 95% confidence interval 
(CI) using a method that relates the χ2 and Poisson dis-
tributions.8

Association Between MS and Infections
We estimated the impact of MS on the risk of serious 

infection using multivariable Cox proportional hazards 
regression models. These models were run separately 
for each infection outcome and with two different con-
structs of the key independent variable: MS. The first 
construct was a simple indicator for MS relative to no 
MS. The second construct was a time-varying categorical 
variable with the following categories: no MS (reference 
category), RRMS, SPMS, PPMS, PRMS, and unknown 
subtype. MS subtype was constructed as a time-varying 
independent variable, with patients potentially progress-
ing from RRMS to SPMS.

To minimize bias, each regression model included 
control variables for demographic characteristics (age, 
body mass index, sex, race, and marital status); disability 
(wheelchair assistance and bilateral assistance); comorbid 
conditions (alcohol use, autoimmune diseases [rheu-
matoid arthritis, ulcerative colitis, Crohn’s disease, sys-
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Hispanic ethnicity; wheelchair assistance; diagnoses of 
COPD, diabetes, kidney disease, malignant diseases, 
and other heart diseases; history of COPD medication 
use; inpatient stays; and four or more outpatient visits 
in the 6 months before the index date.

Table 4 shows the adjusted relationships between 
MS and different types of infections. This table shows 
results only for the MS variable, with other indepen-
dent variables suppressed for ease of exposition. Having 
MS was significantly (all P ≤ .03) associated with an 
increased risk (hazard ratio [HR], 95% CI) of serious 
respiratory (1.31, 1.07-1.59), urinary tract (4.44, 3.59-
5.51), and sepsis (2.56, 1.67-3.94) infections and fatal 
infections of any kind (1.85, 1.08-3.15).

The adjusted relationships between MS subtype 
and different types of infections are also shown in 
Table 4. Patients with RRMS (HR = 1.27, 95% CI, 
1.02-1.58), SPMS (2.88, 2.37-3.50), PPMS (2.11, 
1.56-2.86), PRMS (4.49, 1.68-12.03), and unknown 
MS subtype (1.38, 1.21-1.56) had a significantly (all 
P ≤ .04) increased risk of serious infection compared 
with patients without MS. Compared with those with-
out MS, the risk of serious respiratory infection was 
elevated for patients with SPMS and unknown subtype; 

The fatal infection rate (95% CI) was also consider-
ably higher in patients with MS (1.2 [0.8-1.7] per 1000 
person-years) than in those without MS (0.5 [0.3-0.6] 
per 1000 person-years). Fatal respiratory infections 
(rates [95% CIs]: 0.3 [0.1-0.6] per 1000 person-years 
vs. 0.1 [0.1-0.2] per 1000 person-years) and sepsis 
infections (rates [95% CIs]: 0.5 [0.2-0.8 per 1000 
person-years] vs. 0.2 [0.1-0.3] per 1000 person-years) 
were more common in patients with MS than in those 
without MS.

Overall, serious infection rates (95% CIs) ranged 
from 11.6 (9.3-14.2) per 1000 person-years for RRMS 
to 37.3 (29.4-46.4) per 1000 person-years for SPMS 
(Table 2). All but one of the fatal infections occurred 
in patients with MS for whom MS subtype was not 
identified.

Association Between MS and Infections
Veterans with MS were at 52.4% greater risk for 

infection than those without MS (P < .01) (Table 3). 
Additional risk factors that were significantly associ-
ated with an increased risk of serious infection included 
age 50 years and older; body mass index less than 18.5; 
marital status (divorced, not married, or widowed); 

38,234 Veterans with ICD-9-CM code 340 (MS) on at least 
one occurrence (1/1/1999 – 12/31/2010)  

25,858 (67.6%) Veterans with ICD-9-CM code 340 (MS) on 
at least two occurrences (1/1/1999 – 12/31/2010) 

8832 (23.1%) Veterans with >180 d of observation in VHA 
before the index date (first ICD-9-CM code 340)  

7756 (20.3%) Veterans with no ICD-9-CM code 341 at any 
point (1/1/1999 – 12/31/2010) 

31,024 Matched non-MS veterans 
(matched on year of birth and sex)   

7743 (20.3%) Veterans whose matched non-MS controls had 
index date before death date 

30,972 Matched non-MS veterans with index date before 
death date 

6826 (17.9%) Veterans with index date before fatal study 
end date (9/30/2009)  

27,292 Matched non-MS veterans with index date before 
fatal study end date (9/30/2009) 

Figure 1. Patient attrition summary 
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; MS, multiple sclerosis; VHA, Veterans Health 
Administration.

Serious 
infection 
outcomes

Fatal  
infection 
outcomes
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Characteristic
MS group 
(n = 7743)

Non-MS group 
(n = 30,972)

Age, y (mean ± SD) 53.75 ± 13.34 53.75 ± 13.34
Age group, No. (%)
  20–29 y 298 (3.8) 1192 (3.8)
  30–39 y 852 (11.0) 3408 (11.0)
  40–49 y 1703 (22.0) 6822 (22.0)
  50–59 y 2427 (31.3) 9706 (31.3)
  60–69 y 1460 (18.9) 5848 (18.9)
  ≥70 y 997 (12.9) 3996 (12.9)
BMI, mean (SD) 39.15 ± 266.31 34.36 ± 147.41
BMI group, No. (%)
  <18.5 298 (3.8) 1192 (3.8)
  18.5–24.9 852 (11.0) 3408 (11.0)
  25–29.9 1703 (22.0) 6822 (22.0)
  30–34.9 2427 (31.3) 9706 (31.3)
  ≥35 1460 (18.9) 5848 (18.9)
  Missing 997 (12.9) 3996 (12.9)
Male sex, No. (%) 6259 (80.8) 25,036 (80.8)
Race/ethnicity, No. (%)
  White 5411 (69.9) 17,799 (57.5)
  Black 1133 (14.6) 5490 (17.7)
  Asian 9 (0.1) 211 (0.7)
  Native American 25 (0.3) 146 (0.5)
  Hispanic 217 (2.8) 1660 (5.4)
  Missing 948 (12.2) 5666 (18.3)
Marital status, No. (%)
  Married 4429 (57.2) 14,259 (46.0)
  Not married 1128 (14.6) 4945 (16.0)
  Divorced 1656 (21.4) 6086 (19.7)
  Separated 67 (0.9) 171 (0.6)
  Widowed 236 (3.0) 943 (3.0)
  Unknown 227 (2.9) 4568 (14.7)
MS subtype, No. (%)
  Relapsing-remitting 1740 (22.5) NA
  Secondary progressive 497 (6.4) NA
  Primary progressive 454 (5.9) NA
  Progressive relapsing 28 (0.4) NA
  Unknown 5024 (64.9) NA
Disability, No. (%)
  Bilateral assistance 257 (3.3) 394 (1.3)
  Wheelchair assistance 213 (2.8) 91 (0.3)
Comorbid diagnoses, 
No. (%)
  Alcohol use 181 (2.3) 833 (2.7)
  Autoimmune disease 135 (1.7) 456 (1.5)
  Cardiovascular disease 498 (6.4) 514 (1.7)
  COPD 505 (6.5) 2035 (6.6)
  Diabetes 745 (9.6) 3754 (12.1)
  Drug dependence 131 (1.7) 530 (1.7)
  Ischemic heart disease 58 (0.7) 119 (0.4)

Characteristic
MS group 
(n = 7743)

Non-MS group 
(n = 30,972)

  Kidney disease 90 (1.2) 348 (1.1)
  Malignant diseases 262 (3.4) 1081 (3.5)
  Other heart disease 401 (5.2) 1469 (4.7)
  Pulmonary circulation
  diseases

23 (0.3) 78 (0.3)

  Smoking 618 (8.0) 2406 (7.8)
  >1 comorbidity 1923 (24.8) 7677 (24.8)
Concomitant medications, 
No. (%)
  Alcohol abuse 7 (0.1) 32 (0.1)
  Cardiovascular disease 0 1
  COPD 90 (1.2) 263 (0.8)
  Diabetes 573 (7.4) 2672 (8.6)
  Drug dependence 4 (0.1) 17 (0.1)
  Ischemic heart disease 211 (2.7) 719 (2.3)
  Kidney disease 6 (0.1) 19 (0.1)
  Other heart disease 2180 (28.1) 8133 (26.2)
  Pulmonary circulation 
  diseases

0 0

No. of prescriptions for 
immunosuppressive drugs, 
mean ± SD

0.11 ± 0.00 0.04 ± 0.00

Prescriptions for 
immunosuppressive drugs, 
No. (%)
  0 7199 (92.8) 30,235 (97.5)
  1 374 (4.8) 553 (1.8)
  ≥2 183 (2.4) 236 (0.8)
Cumulative days of 
hospitalization, mean ± SD

1.83 ± 16.16 0.62 ± 43.20

Cumulative days of 
hospitalization, No. (%)
  0 6714 (86.7) 30,011 (96.9)
  1–4 444 (5.7) 407 (1.3)
  ≥5 585 (7.6) 554 (1.8)
No. of outpatient visits, 
mean ± SD

8.97 ± 17.96 5.17 ± 11.90

Outpatient visits, No. (%)
  0 1892 (24.4) 10,029 (32.4)
  1–3 1977 (25.5) 9704 (31.3)
  4–9 1814 (23.4) 6835 (22.1)
  ≥10 2060 (26.6) 4404 (14.2)
No. of distinct medications 
prescribed, mean ± SD

5.16 ± 7.61 3.35 ± 5.45

Distinct medications 
prescribed, No. (%)
  0 3475 (44.9) 16,386 (52.9)
  1–3 1089 (14.1) 4486 (14.5)
  4–7 1124 (14.5) 4855 (15.7)
  ≥8 2055 (26.5) 5245 (16.9)

Table 1. Descriptive statistics of MS and non-MS patients

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); COPD, chronic obstructive 
pulmonary disease; MS, multiple sclerosis; NA, not applicable.
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Table 2. Infection rates in non-MS patients and patients with MS and by MS subtype

Infection type

Non-MS MS Relapsing-remitting MS Secondary progressive MS Primary progressive MS Progressive remitting MS Unknown MS

No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI

 Serious N = 30,972 n = 7743 n = 1740 n = 497 n = 454 n = 28 n = 5024
  Overall 1314 10.3 9.8-10.9 572 19.2 17.6-20.8 90 11.6 9.3-14.2 76 37.3 29.4-46.4 44 24.6 17.9-32.7 4 33.6 9.2-80.0 358 19.7 17.7-21.9
  OI 35 0.3 0.2-0.4 8 0.3 0.1-0.5 1 0.1 0.0-0.6 3 1.4 0.3-3.8 0 0.0 0.0-2.0 0 0.0 0.0-30.7 4 0.2 0.1-0.5
  Non-OI 1279 10.1 9.5-10.6 564 18.9 17.4-20.5 89 11.5 9.2-14.0 73 35.8 28.0-44.7 44 24.6 17.9-32.7 4 33.6 9.2-80.0 354 19.5 17.5-21.6
  Resp 406 3.2 2.9-3.5 155 5.1 4.3-6.0 18 2.3 1.3-3.5 21 10.1 6.3-15.2 8 4.3 1.9-8.2 1 8.4 0.2-39.2 107 5.8 4.8-7.0
  UTI 175 1.4 1.2-1.6 231 7.6 6.7-8.7 39 5.0 3.5-6.7 32 15.4 10.5-21.5 19 10.4 6.3-15.9 0 0.0 0.0-30.7 141 7.7 6.5-9.0
  SSTI 18 0.1 0.1-0.2 5 0.2 0.1-0.4 2 0.3 0.0-0.8 2 1.0 0.1-3.1 0 0.0 0.0-2.0 0 0.0 0.0-30.7 1 0.1 0.0-0.3
  Sepsis 60 0.5 0.4-0.6 44 1.4 1.0-1.9 9 1.1 0.5-2.1 6 2.9 1.0-5.9 5 2.7 0.9-6.0 1 8.3 0.2-39.0 23 1.2 0.8-1.8

 Fatal N = 27,292 n = 6,826 n = 1,554 n = 459 n = 420 n = 26 n = 4,367
  Overall 42 0.5 0.3-0.6 26 1.2 0.8-1.7 0 0.0 0.0-0.7 1 0.6 0.0-2.8 0 0.0 0.0-2.8 0 0.0 0.0-40.3 25 1.9 1.2-2.8
  OI 1 0.0 0.0-0.1 1 0.0 0.0-0.2 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 1 0.1 0.0-0.4
  Non-OI 41 0.4 0.3-0.6 25 1.2 0.7-1.7 0 0.0 0.0-0.7 1 0.6 0.0-2.8 0 0.0 0.0-2.8 0 0.0 0.0-40.3 24 1.8 1.2-2.7
  Resp 12 0.1 0.1-0.2 6 0.3 0.1-0.6 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 6 0.5 0.2-0.9
  UTI 3 0.0 0.0-0.1 7 0.3 0.1-0.6 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 7 0.5 0.2-1.1
  SSTI 0 0.0 0.0-0.0 1 0.0 0.0-0.2 0 0.0 0.0-0.7 1 0.6 0.0-2.8 0 0.0 0.0-2.8 0 0.0 0.0-40.3 0 0.0 0.0-0.3
  Sepsis 15 0.2 0.1-0.3 10 0.5 0.2-0.8 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 10 0.8 0.4-1.4

Abbreviations: CI, confidence interval; MS, multiple sclerosis; OI, opportunistic infection; Resp, respiratory infection; SSTI, skin and soft-
tissue infection; UTI, urinary tract infection.
Note: Infections measured as the number of patients with at least one such infection; infection rate = per 1000 patient-years.

Using a multivariable model that adjusted for baseline 
patient characteristics, the authors found that the relative 
risk of infection-related hospital admissions was 4.26 
(95% CI, 4.13-4.40) and the relative risk of infection-
related mortality was 5.19 (95% CI, 4.90-5.50). Using 
the same infection definitions (Supplementary Table 3) 
and regression methods as Montgomery et al., we found 
adjusted HRs of 1.32 (95% CI, 1.10-1.60) and 1.33 
(95% CI, 1.10-1.63) for serious and fatal infections, 
respectively, in this VA cohort. One potential reason 
for the differences in effect size between this study and 
that by Montgomery et al. may be differences in data 
availability stemming from differences between the two 
health-care systems. Montgomery used hospitalization 
data from the Swedish National Inpatient Register, 
which had national coverage from 1987 onward.9 On 
the other hand, VA data do not include veterans’ health-
care encounters that occurred outside the VA system. 
Reports suggest that 28% to 47% of VA patients receive 
at least some health care in non-VA facilities.10-12 In 
addition, whereas our mortality records came from the 
NDI, Montgomery et al. used data from the Swedish 
Cause of Death Register, including deaths that occurred 
within 30 days of a hospitalization. Several studies have 
found these data to be unreliable for cause of death,13 
including one that specifically examined postdischarge 
cause of death.14 Montgomery’s use of these death data 
may have led to an overestimation of MS-related deaths. 
Lalmohamed et al.5 used the UK’s General Practice 

the risk of urinary tract infections was elevated for 
patients with RRMS, SPMS, PRMS, and unknown MS 
subtype; and the risk of sepsis infections was elevated for 
patients with MS of all subtypes.

Discussion
The purpose of this study was to determine the rates 

of serious and fatal infections in US veterans with and 
without MS and to estimate the association between 
MS and the risk of infections. We found that, overall, 
veterans with MS were more than 50% more likely to 
have a serious infection than veterans without MS. In 
addition, patients with MS were significantly more likely 
than those without MS to have respiratory, urinary tract, 
and sepsis infections resulting in hospitalization, as well 
as fatal infections of all types. Although we found that 
veterans with each of the MS subtypes were at a signifi-
cantly elevated risk for serious infection compared with 
those without MS, the magnitude of this increased risk 
was greatest in veterans with PRMS.

We know of only two other studies that have exam-
ined infection risk as an outcome of MS. The present 
results are similar in direction but substantially smaller 
in magnitude compared with those found in these 
previous studies. Similar to this study, Montgomery et 
al.6 identified patients with infection-related hospital 
admissions from an MS patient registry in Sweden and 
matched those to Swedish residents who did not have 
MS and used Poisson regression to obtain the relative 
risk of infection for patients with and without MS. 
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covariate-adjusted risk of infection-related hospitaliza-
tion in this group of veterans with MS compared with 
those without MS (HR = 1.55, 95% CI, 1.35-1.78) was 
similar to that in our original analysis, underscoring the 
robustness of the results.

The risk of infection has been reported to increase 
due to the immunosuppressive therapies used by patients 
with MS,16 although the magnitude of this increase is 
up for debate. Montgomery et al.6 did not control for 
therapy in their study; however, they suggest, based on 
the temporal variation of risk over 37 years of data, that 
therapy did not greatly influence their results. In con-
trast, the present multivariable regression analyses con-
trolled for the number of immunosuppressive medica-
tions prescribed to each patient. This variable increased 
the risk of infection in the regression models, but this 
effect was not statistically significant. The findings from 
this study lend support to the suppositions of Mont-
gomery et al., specifically, that the significantly elevated 
risk of serious infection in patients with MS may be 
more due to the disease itself than to immunosuppres-
sive drug therapies.

There are several potential explanations as to why vet-
erans with MS may be at greater risk for serious and fatal 
infections. For example, extensive literature has docu-
mented that vesicourethral and bladder dysfunctions, 
such as incomplete emptying, which are closely linked to 
risk of urinary tract infection,17 have an increased preva-
lence in patients with MS.18,19 In addition, patients with 

Research Database to identify cause of death in patients 
with MS compared with those without MS. They found 
a 7.5-fold increase in the risk of acute respiratory infec-
tion–related deaths in patients with MS. The present 
results are smaller in size, in part, because Lalmohamed 
et al. identified both primary and secondary causes of 
death, whereas we were able to identify only primary 
causes of death through NDI data. In short, although 
differences in data and health-care systems may explain 
why our estimates differ in size compared with those 
of Montgomery et al. and Lalmohamed et al., all three 
studies support the conclusion that patients with MS are 
at greater risk for infection-related hospitalizations and 
mortality than patients without MS.

We identified veterans in this cohort as having MS 
if they had an ICD-9-CM code 340 on two or more 
separate encounter dates. An alternative electronic 
case-finding algorithm has been created in the VA that 
identifies a veteran as having MS if the veteran had a 
pharmacy record for a disease-modifying agent, evidence 
of MS-related service-connected disability through the 
Veterans Benefit Administration, or a mean of at least 
one inpatient or outpatient encounter each year during 
the time window of this study, in which the principal 
ICD-9-CM code was 340.15 As a sensitivity analysis, we 
implemented a revised version of this algorithm (we did 
not have access to Veterans Benefit Administration data) 
and found that 5375 of the 7743 patients in this study 
met the definition of MS with these new criteria. The 

Table 2. Infection rates in non-MS patients and patients with MS and by MS subtype

Infection type

Non-MS MS Relapsing-remitting MS Secondary progressive MS Primary progressive MS Progressive remitting MS Unknown MS

No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI No. Rate 95% CI

 Serious N = 30,972 n = 7743 n = 1740 n = 497 n = 454 n = 28 n = 5024
  Overall 1314 10.3 9.8-10.9 572 19.2 17.6-20.8 90 11.6 9.3-14.2 76 37.3 29.4-46.4 44 24.6 17.9-32.7 4 33.6 9.2-80.0 358 19.7 17.7-21.9
  OI 35 0.3 0.2-0.4 8 0.3 0.1-0.5 1 0.1 0.0-0.6 3 1.4 0.3-3.8 0 0.0 0.0-2.0 0 0.0 0.0-30.7 4 0.2 0.1-0.5
  Non-OI 1279 10.1 9.5-10.6 564 18.9 17.4-20.5 89 11.5 9.2-14.0 73 35.8 28.0-44.7 44 24.6 17.9-32.7 4 33.6 9.2-80.0 354 19.5 17.5-21.6
  Resp 406 3.2 2.9-3.5 155 5.1 4.3-6.0 18 2.3 1.3-3.5 21 10.1 6.3-15.2 8 4.3 1.9-8.2 1 8.4 0.2-39.2 107 5.8 4.8-7.0
  UTI 175 1.4 1.2-1.6 231 7.6 6.7-8.7 39 5.0 3.5-6.7 32 15.4 10.5-21.5 19 10.4 6.3-15.9 0 0.0 0.0-30.7 141 7.7 6.5-9.0
  SSTI 18 0.1 0.1-0.2 5 0.2 0.1-0.4 2 0.3 0.0-0.8 2 1.0 0.1-3.1 0 0.0 0.0-2.0 0 0.0 0.0-30.7 1 0.1 0.0-0.3
  Sepsis 60 0.5 0.4-0.6 44 1.4 1.0-1.9 9 1.1 0.5-2.1 6 2.9 1.0-5.9 5 2.7 0.9-6.0 1 8.3 0.2-39.0 23 1.2 0.8-1.8

 Fatal N = 27,292 n = 6,826 n = 1,554 n = 459 n = 420 n = 26 n = 4,367
  Overall 42 0.5 0.3-0.6 26 1.2 0.8-1.7 0 0.0 0.0-0.7 1 0.6 0.0-2.8 0 0.0 0.0-2.8 0 0.0 0.0-40.3 25 1.9 1.2-2.8
  OI 1 0.0 0.0-0.1 1 0.0 0.0-0.2 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 1 0.1 0.0-0.4
  Non-OI 41 0.4 0.3-0.6 25 1.2 0.7-1.7 0 0.0 0.0-0.7 1 0.6 0.0-2.8 0 0.0 0.0-2.8 0 0.0 0.0-40.3 24 1.8 1.2-2.7
  Resp 12 0.1 0.1-0.2 6 0.3 0.1-0.6 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 6 0.5 0.2-0.9
  UTI 3 0.0 0.0-0.1 7 0.3 0.1-0.6 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 7 0.5 0.2-1.1
  SSTI 0 0.0 0.0-0.0 1 0.0 0.0-0.2 0 0.0 0.0-0.7 1 0.6 0.0-2.8 0 0.0 0.0-2.8 0 0.0 0.0-40.3 0 0.0 0.0-0.3
  Sepsis 15 0.2 0.1-0.3 10 0.5 0.2-0.8 0 0.0 0.0-0.7 0 0.0 0.0-2.2 0 0.0 0.0-2.8 0 0.0 0.0-40.3 10 0.8 0.4-1.4

Abbreviations: CI, confidence interval; MS, multiple sclerosis; OI, opportunistic infection; Resp, respiratory infection; SSTI, skin and soft-
tissue infection; UTI, urinary tract infection.
Note: Infections measured as the number of patients with at least one such infection; infection rate = per 1000 patient-years.
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A recent systematic review suggests that the annual 
health-care costs for MS range from $8528 to $54,244 
per patient, placing it second to congestive heart failure 
among chronic diseases.3 A cursory review of estimates 
of the direct medical costs of hospitalizations for respira-
tory ($3900 [2012 US$]21), urinary tract ($5446 [2000 
US$]22), and sepsis ($23,127 [2001 US$] for intensive 

MS often develop respiratory problems as a result of 
reduced muscle strength, bulbar dysfunction, and inef-
fective clearance of secretions, which can lead to lower 
lung volumes and reduced respiratory function.20 With 
this increased stress on the respiratory system, it is not 
surprising that patients with MS would be at greater risk 
for respiratory infections.

Independent variable Hazard ratio 95% CI

MS 1.52 1.37-1.70
Age (reference: 20–29 y)
  30–39 y 1.30 0.80-2.11
  40–49 y 1.55 0.98-2.45
  50–59 y 1.96 1.25-3.08
  60–69 y 2.19 1.38-3.46
  ≥70 y 2.61 1.64-4.15

BMI (reference: 18.5–24.9)
  <18.5 1.80 1.31-2.46
  25–29.9 0.68 0.60-0.78
  30–34.9 0.71 0.62-0.83
  ≥35 0.80 0.68-0.94
  Missing 0.91 0.77-1.07

Sex (reference: male)
  Female 0.58 0.49-0.68

Marital status (reference: 
married)
  Divorced 1.37 1.22-1.54
  Not married 1.57 1.38-1.79
  Separated 1.26 0.63-2.55
  Widowed 1.71 1.38-2.11
  Unknown 0.84 0.65-1.08

Race/ethnicity (reference: 
white)
  Black 1.16 1.03-1.31
  Asian 0.35 0.11-1.10
  Native American 1.03 0.83-1.28
  Hispanic 2.05 1.18-3.54
  Missing 0.39 0.30-0.49
Disability
  Bilateral assistance 1.05 0.81-1.36
  Wheelchair assistance 1.86 1.39-2.47
Comorbid diagnoses
  Alcohol use 0.81 0.63-1.04
  Autoimmune disease 1.17 0.89-1.55
  Cardiovascular disease 0.98 0.80-1.21

Independent variable Hazard ratio 95% CI

  COPD 1.30 1.12-1.50
  Diabetes 1.29 1.10-1.52
  Drug dependence 1.23 0.93-1.61
  Ischemic heart disease 0.58 0.28-1.24
  Kidney disease 1.64 1.26-2.12
  Malignant diseases 1.27 1.06-1.52
  Other heart disease 1.22 1.04-1.43
  Pulmonary circulation 
  diseases

1.33 0.82-2.14

  Smoking 1.04 0.89-1.20
Concomitant medications
  Alcohol abuse 0.78 0.19-3.25
  COPD 1.40 1.08-1.82
  Diabetes 1.13 0.93-1.37
  Drug dependence 2.30 0.45-11.85
  Ischemic heart disease 1.19 0.97-1.47
  Kidney disease 1.06 0.49-2.32
  Other heart disease 1.05 0.90-1.22
Prescriptions for 
immunosuppressive drugs 
(reference = 0)
  1 0.92 0.72-1.19
  ≥2 1.31 0.99-1.73
Cumulative days of 
hospitalization in baseline 
period (reference = 0)
  1–4 2.16 1.77-2.64
  ≥5 3.45 2.92-4.08
No. of outpatient visits in 
baseline period (reference = 0)
  1–3 0.97 0.82-1.15
  4–9 1.22 1.02-1.45
  ≥10 1.90 1.58-2.28
No. of distinct medications 
prescribed (reference = 0)
  1–3 0.79 0.66-0.95
  4–7 0.77 0.64-0.92
  ≥8 1.00 0.84-1.20

Table 3. Multivariable regression results for serious infections requiring a hospitalization

Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; MS, multiple sclerosis. 
Note: This multivariable Cox proportional hazards regression included as independent variables all the factors listed in this table. The depen-
dent variable for this regression was the time to first serious infection requiring hospitalization.
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Table 4. Relationship between MS and 
different types of infections: results from 
multivariable Cox proportional hazards 
regressions

Dependent variable Hazard ratio 95% CI

MS vs. non-MS
  Serious infections
    Respiratory 1.31 1.07-1.59
    Urinary tract 4.44 3.59-5.51
    Skin and soft tissue 1.65 0.56-4.86
    Sepsis 2.56 1.67-3.94
  Fatal infections
    Overall 1.85 1.08-3.15
    Respiratory 1.92 0.62-5.92
    Sepsis 1.49 0.61-3.64
MS by subtype vs. non-MS
  Overall (reference: non-MS)
    Relapsing-remitting 1.27 1.02-1.58
    Secondary progressive 2.88 2.37-3.50
    Primary progressive 2.11 1.56-2.86
    Progressive relapsing 4.49 1.68-12.03
    Unknown 1.38 1.21-1.56
  Respiratory (reference: 
  non-MS)
    Relapsing-remitting 0.83 0.51-1.36
    Secondary progressive 2.26 1.53-3.34
    Primary progressive 1.21 0.60-2.45
    Progressive relapsing 4.18 0.58-29.95
    Unknown 1.27 1.01-1.60
  Urinary tract (reference: 
  non-MS)
    Relapsing-remitting 4.79 3.32-6.89
    Secondary progressive 10.12 7.35-13.93
    Primary progressive 6.45 3.97-10.48
    Progressive relapsing — ––
    Unknown 3.70 2.90-4.72
  Sepsis (reference: non-MS)
    Relapsing-remitting 3.32 1.59-6.92
    Secondary progressive 6.51 3.33-12.72
    Primary progressive 4.69 1.80-12.18
    Progressive relapsing 18.66 2.21-157.71
    Unknown 1.86 1.10-3.13

Abbreviations: CI, confidence interval; MS, multiple sclerosis.
Note: The hazard ratios presented in this table come from an indi-
cator for MS, the key independent variable in these multivariable 
Cox proportional hazards regressions. The dependent variables for 
these regressions were the time to first serious respiratory, urinary 
tract, skin and soft-tissue, and sepsis infections requiring hospital-
ization and time to fatal overall, respiratory, and sepsis infections. 
Additional independent variables included all those listed in Table 3.

substantial financial benefit for individuals with this 
costly condition.

This study is subject to some limitations. First, 
because the VA health-care system is not a completely 
closed system, some veterans may have received care 
outside of the VA. This may result in incomplete data 
that could lead to underreporting of infections and 
other data elements (such as wheelchair and bilat-
eral assistance, alcohol use, and autoimmune disease). 
Unfortunately, this is a concern with most observational 
studies that use secondary data sources. Measurement 
error in the wheelchair and bilateral assistance variables 
is of particular concern because studies have found that 
patients with MS are much more likely to need mobil-
ity assistance than those without MS. One example of 
this is a recent study from Canada that showed that 
nearly 53% of patients with MS older than 55 years 
were unable to walk independently or without a cane 
outdoors compared with 9% of a comparison group of 
individuals without MS.24 Therefore, it is likely that the 
error of missing data on wheelchair and bilateral assis-
tance is larger in patients with MS than in those without 
MS in the present study. However, it is not surprising 
that Healthcare Common Procedure Coding System 
codes for mobility assistance were problematic in this 
cohort because these codes have been found to poorly 
represent conditions in other VA studies.25 Another area 
in which this incomplete data capture was evident was 
in the characterization of MS subtypes. We were able to 
identify a subtype in only one-third of the patients with 
MS, leading us to believe that many of these patients 
receive treatment and MS-related care outside the VA. 
We attempted to minimize this problem by restricting 
the sample to veterans with a demonstrated pattern of 
receiving routine care in the VA system (ie, by excluding 
those without at least one medical encounter in the 180 
days or more before the index diagnosis). 

Second, to the extent that the unique characteristics 
of the VA population influence serious and fatal infec-

care unit patients and $10,674 [2001 US$] for hospi-
tal ward patients)23 infections suggest that these serious 
infections lead to a substantial burden on the health-care 
system. Besides the obvious mortality and morbidity 
benefits, efforts to prevent these infections can have a 

PracticePoints
• We found that veterans with MS were 52% more 

likely to have an infection that resulted in a hos-
pitalization and 85% more likely to have a fatal 
infection than veterans without MS.

• Similar results were found for specific types of 
infections and for MS subtypes.

• Efforts to reduce infection-related complications 
of MS may improve patient health while lower-
ing health-care costs.
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tions, these findings may not be generalizable to other 
patient populations. For example, the present cohort was 
primarily male because of the sex distribution in the VA 
population, despite the fact that the prevalence of MS is 
disproportionately higher in women in the general pop-
ulation. Finally, we attempted to identify incident cases 
of MS by restricting the sample to those with at least 6 
months of observation time in the VA before their first 
MS diagnosis. However, some veterans may have been 
diagnosed as having MS before this date outside the VA.

In conclusion, we found that patients with MS were 
at greater risk for hospitalization and death due to 
infections compared with patients without MS. Future 
studies are needed to identify significant interactions 
between patient characteristics (eg, use of immunosup-
pressive drug treatments) and MS in which these rela-
tionships hold so as to enable targeted interventions to 
prevent infection in specific patient populations. o
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