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Abstract
Objective: To better understand the presentation of bacteremia in patients with anorexia nervosa (AN).

Method: In this retrospective study, 10 patients with AN and bacteremia were compared to 10 AN patients

without bacteremia.

Results: Patients with bacteremia had significantly elevated tachycardia and fever compared to the control group
but respiratory rate, white blood cell count, and blood pressure remained similar between the two groups.
Systemic inflammatory response syndrome criteria (SIRS) and quick sequential organ failure assessment (qSOFA)

were not useful tools in predicting severe infection in the studied population.

Conclusions: Patients with AN may not manifest the typical physiologic changes associated with a severe infection,

and current scoring assessments may be unhelpful in clinical decision-making.

Introduction

Eating disorders (EDs) affect up to 17.9 % of young women and 2.4% of young men by early adulthood
and are associated with one of the highest mortalities of all psychiatric disorders 12. The medical
complications associated with EDs are myriad 3, although life-threatening infection in this population

has not previously been studied.
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Historically, people with EDs have been presumed to be at lower risk for infection 45. However, it
remains unclear as to whether risk is truly reduced or whether the diagnosis is delayed due to lower
clinical suspicion or immunologic changes of AN 6738, Indeed, many of the physiologic changes seen in
patients with severe anorexia nervosa may confound the clinical presentation of an infection. These
changes can include bradycardia, leukopenia, and hypothermia among other findings 359. Leukopenia is
a result of gelatinous marrow transformation. It is present in 40.4% of patients with AN admitted to the
residential level of care (average BMI 15.5) 18. Bradycardia is thought to be the result of increased vagal
tone. It's important to note that many patients with severe AN present with hypotension thought also to
be the result of increased vagal tone. Hypothermia results from several physiologic changes: reduced
brown adipose tissue, sarcopenia, reduced sympathetic tone, and reduced resting metabolic rate. Prior

studies have noted a decreased fever response in people with AN with bacterial infections 610,

Systemic inflammatory response syndrome (SIRS) criteria, the quick sequential organ failure
assessment (qSOFA), and the national early warning score 2 (NEWS2) aid in diagnostic decision-making
and prognostication of infection-related illnesses, including sepsis. While these criteria have shown
prognostic accuracy for in-hospital mortality in the general population, they have not been examined in

the ED population 11,

The primary aim of this retrospective case series is to describe the clinical presentation of bacteremia in
people with AN. It is hypothesized that these individuals will not present with the typical clinical
parameters associated with infection, and the SIRS criteria, qSOFA, and NEWS2 will be ineffective

decision-making tools.

Methods

ACUTE Center for Eating Disorders and Severe Malnutrition (ACUTE) is an inpatient hospital unit that
specializes in medical stabilization of patients with severe EDs and other forms of malnutrition. In this
retrospective cohort study, all patients aged 18-65 years old who were admitted to ACUTE between May
1, 2016, and September 30, 2022, were eligible if they were diagnosed with bacteremia, using the search
terms “bacteremia” and “sepsis”. There were 1,672 electronic medical charts that were screened, and 29
patients met the inclusion criteria. Patients were included in the case group only if diagnosed with
bacteremia during their hospitalization (n=10). Patients with only a single blood culture growing gram-

positive organisms were excluded. The bacteremia cohort was age-, gender-, and admission percent
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ideal body weight (%IBW)-matched to a control group who were randomly selected from patients

admitted to ACUTE without a diagnosis of bacteremia.

Manual chart review was conducted for clinical variables of interest. Percent IBW was calculated using
the Hamwi method!2, and body mass index (BMI) was calculated as weight in kilograms over height in
meters squared. Vitals and lab values used for analysis were recorded within 24 hours of bacteremia

diagnosis and were day-matched with the case group from the day the bacteremia was diagnosed.

SIRS is defined as two or more of the following: temperature >38°C or <36°C, tachycardia >90 beats per
minute (BPM), tachypnea >20 breaths per minute (BPM), leukocytosis >12 k/uL or leukopenia <4
k/uL.13 The qSOFA is calculated by the following: glascow coma scale (GCS) 15 (zero points) vs <15
(one point), systolic blood pressure (BP) </=100 (one point) and zero points for higher BPs, respiratory
rate >/=22 BPM (one point) and zero points for lower rates. Two to three points indicates organ
dysfunction and increased risk for in-hospital mortalityl4. The NEWS2 is based on six physiologic
parameters (respiratory rate, oxygen saturation, systolic BP, pulse rate, level of consciousness, and
temperature). A score of 0-4 is considered low risk (a score of 3 in any one individual parameter is low-
medium risk), 5-6 is considered medium risk, and 7 or more is considered high risk for adverse

outcomes?s,

Baseline demographics and anthropometric statistics are presented in tabular form. Univariate statistics
were used to describe the cohort. The distributions of continuous variables were determined by the
Shapiro-Wilks test. Scores for SIRS, qSOFA, and NEWS2 were compared between the case and control
groups using independent t-tests or Wilcoxon signed rank tests. P values of <0.05 were considered
statistically significant, and all analyses were completed using SAS Enterprise Guide software version7.1

(SAS Institute, Cary, NC).

Results

The majority of the cases were female (80%) and all were White or Caucasian. The average age of the
cases was 38.4 years old (SD: 11.8), and the admission %IBW was 57.2% (SD: 12.7). On the day of
bacteremia diagnosis, cases had a higher maximum pulse (M: 113.2 BPM [SD: 22.6] compared to 86.5
BPM [SD: 16.5], t(18) =-3.02, p=.007) and a higher maximum body temperature (M: 38.0°C [SD: 0.9] vs
36.9°C [SD: 0.9], t(18)=-3.76, p=.001); respiratory rate approached significance, with faster rates noted
in the bacteremia cohort (M: 19.7 BPM [SD: 4.1] vs M: 16.9 BPM [SD: 1.0], t(18)=-2.9, p=0.05).
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There were no significant differences in %IBW, 02 saturation, minimum systolic BP, and white blood cell
(WBC) count between patients diagnosed with bacteremia and the matched control patients. Mean WBC
counts and respiratory rates remained within normal limits for patients with bacteremia (Table 1). All

patients in the case and control groups had GCS scores of 15, and no patients were in respiratory failure.

Mean SIRS and qSOFA scores were 1.9 and 1.0, respectively, for patients with bacteremia, and they did
not differ significantly from the control cohort (Table 1). Mean NEWS2 scores were 6.1 for the
bacteremia group and did differ significantly from the NEWS2 score for the control group (3.5, p=0.02).
Six of the patients in the bacteremia group had high SIRS scores, two individuals had elevated qSOFA
scores, and six individuals had elevated NEWS2 scores while two patients in the control group had high
SIRS scores, and four individuals had high NEWS2 scores. A significant number of points for gSOFA and
NEWS2 were awarded for oxygen levels (Sp02) and hypotension (Table 2). There were no deaths

secondary to the bacteremia, with all patients recovered and without transfer to a higher level of care.

Discussion

This retrospective case series investigated the presentation of individuals with AN and bacteremia. The
results of this study suggest that a high clinical suspicion is necessary when considering an infectious
etiology in individuals with severe malnutrition due to the more atypical presentation. Patients with
bacteremia and severe malnutrition related to AN manifested tachycardia and fever, with significant
increases in these vital signs compared to the control group, although respiratory rate, WBC count, 02
saturation, and BP remained similar between the case and control groups. Furthermore, the mean
respiratory rate, WBC count, and 02 saturation remained within normal limits for the bacteremia group,

suggesting these parameters are less helpful in decision-making in this regard.

Following on these observations it is not surprising that the qSOFA score, which does not include pulse
or temperature, was ineffective in discriminating bacteremia in our population. While the simplicity of
gSOFA makes it attractive, studies in other hospitalized populations have also shown poor sensitivity for
early detection of severe infections1516. SIRS criteria and NEWS2 include more components (including
pulse and temperature) and trended toward or showed a significant difference, respectively, between
the bacteremic and control patients in our cohort. Based on these findings, fever, tachypnea, hypoxia,
and tachycardia, when present, should all increase the clinical suspicion for an infectious process, while
leukocyte count and blood pressure are unhelpful in these decision-making algorithms for this patient

population, over-estimating the severity of illness.
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Normal WBC counts and pulses can still be concerning for an underlying infection, reflecting a relative
“tachycardia” or relative “leukocytosis”. Ultimately the entire clinical picture needs to be assessed, and a
low threshold to evaluate for infection should always be considered. It remains unclear as to whether
mortality is increased in those with bacteremia and malnutrition secondary to AN, given the highly

specialized care provided at ACUTE.

One limitation of this study is the retrospective character of the research, which has inherent limitations.
The individuals in this study were extremely malnourished, with a mean %IBW less than 60%, and thus
these findings may not apply to higher-weighted patients with EDs. Finally, this study consisted of a very
small sample size with all bacteremia patients experiencing good outcomes (ie no infection related
mortality or need for higher level of care). This likely contributed to the lack of difference in some
scoring systems (qSOFA) between groups and limited the statistical analysis. Future studies should

continue to investigate clinical predictors of infection in individuals with AN.

Conclusion

Due to the compensatory physiologic changes associated with malnutrition in AN, a high clinical
suspicion is necessary when considering an infectious diagnosis. This study found that AN patients with
bacteremia tended to develop tachycardia and fevers, while WBC count, respiratory rate, and
hypotension were less helpful in decision-making. In another recent study reviewing the cause of death
in patients with severe AN, infection was listed on the death certificates of 29% of the studied
population.19 It is unclear if the atypical presentation of sepsis-bacteremia in this patient population is
causative of the overall high mortality of AN and it is imperative that the threshold to evaluate for
infection in this population be adjusted to not miss a life-threatening infection, particularly when other
aspects of the clinical presentation are not as expected. Future studies are needed to best define clinical

predictors to help diagnose infection in individuals with eating disorders.
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Patients with Bacteremia

Patients without Bacteremia

(n=10) (n=10)
Mean Minimu | Maxim Mean Minimu | Maxim t-stat p
Variable (SD) m um (SD) m um (18) value
38.4 37.8
Age (11.8) 20 64 (11.1) 20 62 0.12 0.91
57.2 56.7
Admit IBW (12.7) 38.0 82.0 (12.6) 34.8 80.2 0.1 0.9
IBW on day of
diagnosis of 62.4 60.8
bacteremia (14.1) 45.2 88.8 (11.5) 35.6 74.5 0.28 0.78
Maximum heart 113.2 86.5
rate (22.6) 82 154 (16.5) 64 118 3.02 0.007
Maximum 36.9
temperature | 38.0 (0.9) 36.7 39.6 (0.2) 36.4 37.2 3.77 0.001
Minimum 36.4
temperature | 35.8(3.2) 26.8 38.2 (0.2) 36.1 36.7 0.59 0.56
16.9
Respiratory rate | 19.7 (4.1) 16 30 (1.0) 16 18 2.9 0.05
White blood cell 5.24
count | 6.4(4.5) 2.6 17.3 (3.1) 2.9 13 0.67 0.51
Oxygen saturation 94.1
minimum | 94.6(3.0) 91 97 (2.7) 90 98 0.93 0.36
97.3
Minimum SBP | 97.2 (8.8) 85 117 (13.4) 0.02 0.98
SIRS | 1.9(1.4) 0 0.9(0.7) 0 2.02 0.06
gSOFA | 1.0(0.7) 0 2 0.6 (0.5) 0 1.47 0.16
NEWS2 | 6.1(2.6) 2 10 3.5(1.8) 0 2.6 0.02

Table 1. Patient demographics, vital sign abnormalities, and scores on assessment

Abbreviations

IBW: Ideal body weight; SBP: systolic blood pressure; SIRS: systemic inflammatory response syndrome;

gSOFA: quick sequential organ failure assessment; NEWS2: national early warning score 2; SD: standard

deviation
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Patients with

Bacteremia
N
E
w
Criteria | 9SO S Criteria met
Patient Number Bacterial Species SIRS met FA Criteria met 2 (points)
1 Klebsiella 2 Hyperthe 1 Hypotension 9 | Sp0; (1), Need
rmia, for oxygen (2),
leukopen Hypotension (2),
ia with Tachycardia (3),
elevated Hyperthermia
bands (1)
(21%)
2 Bacteroides 2 Hyperthe 1 Hypotension 1 | Sp0; (3),
rmia, 0 | Hypotension (3),
tachycar Tachycardia (2),
dia Hyperthermia
(2)
3 MSSA | 3 | Leukope 0 4 | Sp0: (1),
nia, Hypotension (1),
Hyperthe Tachycardia (1),
rmia, Hyperthermia
Tachycar (1)
dia
4 Staphylococcus 0 1 Hypotension 4 | Sp0:(2),
Epidermidis/Enterobact Hypotension (2)
er
5 Serratia/Klebsiella/ | 0 1 Hypotension 2 | Hypotension (2)
Enterobacter
6 MSSA 3 Leukope 0 7 | Sp0; (1), Need
nia, for oxygen (2),
Hyperthe Tachycardia (3),
rmia, Hyperthermia
Tachycar (2)
dia
7 MSSA | 1 | Tachycar 1 | Hypotension 5 | SpO; (1),
dia Hypotension (2),
Tachycardia (2)
8 MSSA 3 Hyperthe 2 Hypotension, 8 | Tachypnea (2),
rmia, Tachypnea Hypotension (2),
Tachycar Tachycardia (2),
dia, Hyperthermia
Tachypn (2)
ea
9 Salmonella 1 Tachycar 1 Hypotension 4 | Sp0O; (1),
dia Hypotension (2),

Tachycardia (1)
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10 Klebsiella Hyperthe Hypotension, Tachypnea (3),
rmia, Tachypnea Hypotension (2),
Leukocyt Tachycardia (2),
osis, Hyperthermia
Tachycar (1)
dia,
Tachypn
ea
Patients
without
Bacteremia
1 Tachycar SpO2 (1),
dia Hypotension (1),
Tachycardia (1)
2 Tachycar Hypotension Sp0: (1),
dia, Hypotension (2),
Leukope Tachycardia (2)
nia
3 Tachycar Hypotension Hypotension (3),
dia Tachycardia (1)
4 SpO: (2),
Hypotension (1)
5 Leukope
nia
6 Leukope Hypotension Sp02 (2),
nia Hypotension (2)
7 Tachycar Hypotension Sp02 (2),
dia, Hypotension(2),
Leukocyt Tachycardia (1)
osis
8 Hypotension (1)
9 Hypotension Sp0: (3),
Hypotension (2)
10 Leukope Hypotension Sp0: (3),
nia Hypotension (2)

Table 2. Breakdown of points given for scoring systems

Abbreviations: MSSA: Methicillin sensitive Staphylococcus aureus

Key words: bacteremia, infection, eating disorders, anorexia nervosa, tachycardia, fever
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