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Abstract

Background: Patients with end-stage renal disease (ESRD) under hemodialysis (HD) are at greater risks of infectious
spondylitis (IS), but there is no reliable predictor that facilitate early detection of this relatively rare and insidious
disease.

Methods: A retrospective review of the medical records from patients with ESRD under HD over a 12-year period
was performed at a tertiary teaching hospital, and those with a first-time diagnosis of IS were identified. A 1:4
propensity score-matched case-control study was carried out, and baseline characteristics, underlying diseases, and
laboratory data were compared between the study group and the control group, one month before the date of
diagnosis or the index date respectively.

Results: A total of 16 patients with IS were compared with 64 controls. After adjustment, recent access operation
(odds ratio [OR], 13.27; 95% confidence interval [CI], 3.53 to 49.91; p < 0.001), degenerative spinal disease (OR, 12.87;
95% CI, 1.89 to 87.41; p = 0.009), HD through a tunneled cuffed catheter (OR, 6.75; 95% CI, 1.74 to 26.14; p = 0.006),
low serum levels of hemoglobin, albumin, as well as high levels of red blood cell volume distribution width (RDW),
alkaline phosphatase (ALP), and high sensitivity C-reactive protein were significant predictors for a IS diagnosis one
month later. Receiver operating characteristic curves for hemoglobin, RDW, ALP, and albumin all showed good
discrimination. The further multivariate models identified both high serum ALP levels and low serum RDW levels
following a recent access intervention in patients with relatively short HD vintages may be indicative of the
development of IS.

Conclusion: Patients under HD with relatively short HD vintages showing either elevated ALP levels or low RDW
levels following a recent access intervention should prompt clinical awareness about IS for timely diagnosis.

Keywords: Infectious spondylitis, Vertebral osteomyelitis, End-stage renal disease, Hemodialysis, Hematogenous
infection, Albumin, Malnutrition, Red blood cell volume distribution width, Recent access operation, Propensity
score-matched case-control study
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Background
Infectious spondylitis (IS), also known as pyogenic spondyl-
itis, is a rare but life-threatening condition [1]. Clinical en-
tities of IS include vertebral osteomyelitis, septic discitis,
and epidural abscess. IS most commonly arises from
hematogenous spread of bacteria, and often involves adja-
cent vertebrae and the corresponding intervertebral disks.
IS is a disease affecting elderlies in their fifth decade of life
with increasing incidence every decade thereafter, and oc-
curs 1.5 times more frequently in male [2, 3]. Because most
IS cases were believed to be predisposed by bacteremia, the
reported risk factors were statuses related to suboptimal
immunity, including old age, diabetes mellitus (DM),
chronic kidney disease (CKD) and other immunocompro-
mising conditions [4, 5]. In addition, any direct route into
the bloodstream raises the risk of systemic bacterial infec-
tion. These risk factors synergistically contribute to the
morbidity and mortality of patients with end-stage renal
disease (ESRD). For instance, it has been reported that the
annual mortality due to sepsis was approximately 100 to
300 fold higher in dialysis patients as compared to that in
the general population [6]. Therefore, patients with ESRD
under hemodialysis (HD) are under constant risk of devel-
oping IS and require clinical attention.
To diagnose IS in patients with ESRD under HD, clinical,

radiological, and laboratory evaluations are often required.
Early identification of IS to prompt initiation of therapy is
vital in ensuring successful treatment and preventing mor-
bidity. Because of the insidious onset of IS symptoms and
the fact that most of the specific changes in imaging tests re-
quire two to eight weeks after the onset of the infection, the
diagnosis may be delayed and lead to serious complications
including irreversible neurological deficits and death [7].
Thanks to the high sensitivities of serum markers such as
C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR), they could serve as screening tests prior to magnetic
resonance imaging (MRI), the gold standard to diagnose
and evaluate the extent of IS [1]. However, whether certain
serum markers provide a further predictive potential for a
future IS event in these patients remains to be explored.
Our aim was to perform a 1:4 propensity score-

matched case-control study among HD patients to iden-
tify the differences in baseline characteristics and poten-
tial serum markers between the patients who developed
IS one month later and those who did not. Because the
differences in age, gender, and DM status may affect
blood tests results and clinical outcomes, we matched
on these important confounding factors and adjusted
them in our models (as presented below).

Methods
Patient selection and matching process
This study retrospectively reviewed the electronic med-
ical records and the HD records from the HD center of

Chang Gung Memorial Hospital, Linko, a tertiary med-
ical center in Taiwan. The HD center has 278 dialysis
beds and serves 1550 patients monthly. Patients who re-
ceived maintenance HD and had complete reports of
monthly blood investigations in the HD center from 1
July, 2006 to 30 June, 2015 were identified. Patients who
were over 20 years old and had been diagnosed with the
first-time IS during the study period were classified as
the study group.
The method of propensity score matching (PSM) was

applied to select the control group from patients without
IS in the HD center. We assigned February 2011 as the
index month for the comprehensive laboratory results
collected. We carried out a PSM to match each of the IS
cases with 4 controls by age at index month (± 2 years),
exact gender, and exact status of DM. We further in-
cluded HD vintage as an additional matching variable to
perform the second propensity score matching model.
The 4 controls for each IS case were randomly selected
if there was no difference in these factors between eli-
gible controls. All data was anonymized. The study
protocol was approved by the Institution Review Board
of Chang Gung Memorial Hospital, Linko. The flowchart
of the study profile was presented in Fig. 1 below.

Baseline covariates
Patient’s baseline characteristics and other comorbidities
were retrieved from chart review. The characteristics
that uniquely associated with ESRD were also docu-
mented from the HD records: the primary cause of
ESRD, HD vintage (length of time on HD), patient’s HD
access and if they had received any access operation
within 6 months. The study recorded the results of rou-
tine serum investigations on the date nearest to the time
point of one month before the diagnosis of IS of the
study group and in the index month of the control
group. These routine serum laboratory measurements
were obtained in HD center monthly since the initiation
of HD, including leukocyte count, hemoglobin, red
blood cell volume distribution width (RDW), platelet
count, albumin, alanine transaminase (ALT), alkaline
phosphatase (ALP), blood urea nitrogen (BUN), creatin-
ine, potassium, calcium, inorganic phosphorus, glucose
Ante Cibum (AC), high sensitive C-reactive protein
(hsCRP) and ferritin. In addition, due to the commonly
delayed diagnosis of IS, we also collected data of these
serum investigations on the date nearest to the time
point of three months before the diagnosis of IS for
comparisons.

Statistical analyses
The standardized mean difference (SMD) of the con-
tinuous matching variable and age between the cases
and the controls was calculated, with a cutoff level of 0.1
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to signify an adequate balance of the matching. Shapiro-
Wilk test was applied to determine the distribution of
continuous variables. Skewed data, including levels of
RDW, ALT, ALP, albumin, glucose, hsCRP, Ferritin, and
HD vintage were analyzed by the Mann-Whitney test.
For other data with normal distribution, independent t-
test or Pearson’s chi-squared test were applied for linear
or categorical variables respectively. We further tested
each of the significant factors with binary logistic regres-
sion adjusted for age, gender, and DM status and re-
ported the adjusted odds ratios and 95% confident
intervals (CIs) for incident IS. For the covariant “recent
access operation”, we also performed a logistic regres-
sion model with inverse propensity score weighting. The
propensity scores for recent access operation were calcu-
lated based on age, gender, and DM status. Receiver op-
erating characteristic (ROC) curves and cutoff values for
predicting future IS diagnosis were identified for the sig-
nificantly-related continuous variables after adjustment,
including albumin, RDW, hemoglobin and ALP levels.
Missing data (of hsCRP) was replaced using multiple im-
putations before analysis.
We further tested multivariate binary logistic regres-

sion analysis adjusting for age, gender, and DM status
and with forward selection of the significant variables to
estimate the odds ratios and 95% CIs for incident IS
within the model. Variables within the same regression
model had also been checked for collinearity and inter-
action. After identifying the most significant combin-
ation related to IS, a multivariate ROC curve was carried
out based on the new variable “probability” calculated
from this model.

All reported p values are two-sided, and p values less
than 0.05 were considered statistically significant. All
statistical analyses were performed using Immersed
Boundary Method (IBM) Statistical Package for the So-
cial Sciences (SPSS) Statistics, version 22.

Results
The study group contained 16 patients aged 20 years or
older, who received regular HD and had been diagnosed
with IS from 1 July 2006 to 30 June 2015. For each pa-
tient in the study group, 4 controls were matched by
propensity score by age, gender, and status of DM. This
matching was confirmed to be adequately balanced by
calculating the level of SMDs of age, which was 0.0258.
The baseline characteristics according to the grouping

are shown in Table 1 below. Patients between the study
and control group had no statistical difference in age,
gender, DM, hypertension, coronary artery diseases,
heart failure, cerebral vascular diseases, liver cirrhosis,
malignancy, and history of spine operation. Patients with
IS had higher prevalence of immunosuppression status
(6.3% vs. 0%, p = 0.04) and degenerative spinal disease
(87.5% vs. 51.6%, p = 0.01). Patients in the study group
had a shorter HD vintage (4.65 ± 4.36 vs. 13.44 ± 7.30,
p < 0.001), a higher possibility of receiving HD through
tunneled cuffed catheter (43.8% vs. 12.5%, p < 0.01) ra-
ther than arteriovenous fistula (37.5% vs. 68.8%, p =
0.02), and a higher likelihood of receiving access oper-
ation within 6 months (62.5% vs. 12.5%, p < 0.001). Pa-
tients in both groups had no significant difference in
their primary cause of ESRD.

Fig. 1 Flowchart of study profile
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Table 1 Baseline characteristics and clinical features of hemodialysis patients with and without infectious spondylitis (model 1)

Variables Patients with infectious spondylitis (n = 16) Patients without infectious spondylitis (n = 64) p value

Age, mean ± SD, year 60.9 ± 11.9 60.6 ± 11.3 0.93

Male Gender, n (%) 7 (43.8%) 28 (43.8%) 1.00

Diabetes mellitus, n (%) 6 (37.5%) 24 (37.5%) 1.00

Hypertension, n (%) 8 (50%) 46 (71.9%) 0.10

Coronary artery diseases, n (%) 3 (18.8%) 5 (7.8%) 0.19

Heart failure, n (%) 1 (6.3%) 4 (6.3%) 1.00

Cerebral vascular diseases, n (%) 1 (6.3%) 7 (10.9%) 0.58

Liver cirrhosis, n (%) 2 (12.5%) 2 (3.1%) 0.12

Malignancy, n (%) 1 (6.3%) 7 (10.9%) 0.58

Immunosuppression status, n (%) 1 (6.3%) 0 (0%) 0.04

Degenerative spinal disease, n (%) 14 (87.5%) 33 (51.6%) 0.009

History of spinal operation, n (%) 1 (6.3%) 3 (4.7%) 0.80

Primary cause of ESRD 0.18

Chronic Glomerulonephritis 7 (43.8%) 34 (53.1%)

Diabetic nephropathy 6 (37.5%) 24 (37.5%)

Polycystic kidney disease 2 (12.5%) 3 (4.7%)

Malignant hypertension 1 (6.3%) 0 (0%)

Others 0 (0%) 3 (4.7%)

HD vintage (years) 4.65 ± 4.36 13.44 ± 7.30 < 0.001

HD access

Arteriovenous fistula 6 (37.5%) 44 (68.8%) 0.021

Arteriovenous graft 3 (18.8%) 12 (18.8%) 1.00

Tunneled cuffed catheter 7 (43.8%) 8 (12.5%) < 0.001

Access operation within recent 6 months 10 (62.5%) 8 (12.5%) < 0.001

Laboratory data (blood sample)

Leukocyte count, 1000/μL 7.53 ± 2.2 6.62 ± 1.7 0.08

Hemoglobin, g/dL 8.86 ± 1.3 10.2 ± 1.6 < 0.001

RDW, % 16.3 ± 2.2 14.5 ± 1.4 < 0.001

Platelet Count, 1000/μL 181 ± 76 192 ± 54 0.48

BUN, mg/dL 68.2 ± 27.8 67.9 ± 17.3 0.97

Creatinine, mg/dL 9.10 ± 3.15 10.4 ± 2.3 0.06

Potassium, mEq/L 4.60 ± 0.74 5.00 ± 0.76 0.06

Calcium, mg/dL 9.54 ± 1.08 9.76 ± 0.91 0.42

Inorganic phosphorus, mg/dL 4.98 ± 1.99 5.11 ± 1.49 0.77

ALT, U/L 18.2 ± 13.2 15.5 ± 8.5 0.32

ALP, U/L 131.2 ± 84.5 83.4 ± 38.8 0.001

Albumin, g/dL 3.35 ± 0.65 3.90 ± 0.38 0.001

Glucose AC, mg/dL 140 ± 91 129 ± 88 0.67

hsCRP, mg/L 33.1 ± 43.6 12.4 ± 23.9 0.004

Ferritin, ng/mL 475.7 ± 513.2 335.4 ± 312.7 0.31

ESRD end stage renal disease, HD hemodialysis, RDW red blood cell volume distribution width, ALT alanine transaminase, ALP alkaline phosphatase, BUN blood
urea nitrogen, AC ante cibum, hsCRP high sensitivity C- reactive protein
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Table 2 Baseline characteristics and clinical features of hemodialysis patients with and without infectious spondylitis (model 2)

Variables Patients with infectious spondylitis (n = 16) Patients without infectious spondylitis (n = 64) p value

Age, mean ± SD, year 60.9 ± 12.0 61.0 ± 11.5 0.98

Male Gender, n (%) 7 (43.8%) 22 (34.4%) 0.48

Diabetes mellitus, n (%) 6 (37.5%) 22 (34.4%) 0.82

Hypertension, n (%) 8 (50%) 51 (79.7%) 0.02

Coronary artery diseases, n (%) 3 (18.8%) 9 (14.1%) 0.64

Heart failure, n (%) 1 (6.3%) 10 (15.6%) 0.33

Cerebral vascular diseases, n (%) 1 (6.3%) 6 (9.4%) 0.69

Liver cirrhosis, n (%) 2 (12.5%) 4 (6.3%) 0.40

Malignancy, n (%) 1 (6.3%) 8 (12.5%) 0.48

Immunosuppression status, n (%) 1 (6.3%) 0 (0%) 0.04

Degenerative spinal disease, n (%) 14 (87.5%) 3 (4.7%) < 0.001

History of spinal operation, n (%) 1 (6.3%) 3 (4.7%) 0.80

Primary cause of ESRD 0.73

Chronic Glomerulonephritis 7 (43.8%) 37 (57.8%)

Diabetic nephropathy 6 (37.5%) 15 (23.4%)

Polycystic kidney disease 2 (12.5%) 9 (14.1%)

Malignant hypertension 1 (6.3%) 2 (3.1%)

Others 0 (0%) 1 (1.6%)

HD vintage (years) 4.65 ± 4.36 5.03 ± 3.59 0.42

HD access

Arteriovenous fistula 6 (37.5%) 53 (82.8%) < 0.001

Arteriovenous graft 3 (18.8%) 7 (10.9%) 0.40

Tunneled cuffed catheter 7 (43.8%) 4 (6.3%) < 0.001

Access operation within recent 6 months 10 (62.5%) 9 (14.1%) < 0.001

Laboratory data (blood sample)

Leukocyte count, 1000/μL 7.53 ± 2.2 6.57 ± 2.2 0.13

Hemoglobin, g/dL 8.86 ± 1.3 9.82 ± 1.3 0.012

RDW, % 16.3 ± 2.2 14.2 ± 1.4 < 0.001

Platelet Count, 1000/μL 181 ± 76 198 ± 68 0.37

BUN, mg/dL 68.2 ± 27.8 65.4 ± 18.7 0.62

Creatinine, mg/dL 9.10 ± 3.15 10.1 ± 2.4 0.18

Potassium, mEq/L 4.60 ± 0.74 4.79 ± 0.77 0.36

Calcium, mg/dL 9.54 ± 1.08 9.81 ± 0.95 0.34

Inorganic phosphorus, mg/dL 4.98 ± 1.99 5.07 ± 1.52 0.84

ALT, U/L 18.2 ± 13.2 15.3 ± 11.1 0.20

ALP, U/L 139.9 ± 79.7 84.5 ± 45.0 0.001

Albumin, g/dL 3.35 ± 0.65 3.97 ± 0.42 < 0.001

Glucose AC, mg/dL 149 ± 86 124 ± 70 0.07

hsCRP, mg/L 29.90 ± 47.02 8.18 ± 16.85 0.024

Ferritin, ng/mL 475.7 ± 513.2 419.9 ± 485.3 0.85

ESRD end stage renal disease, HD hemodialysis, RDW red blood cell volume distribution width, ALT alanine transaminase, ALP alkaline phosphatase, BUN blood
urea nitrogen, AC ante cibum, hsCRP high sensitivity C- reactive protein
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The blood investigation results of the study group one
month before the diagnosis of IS showed significantly
lower hemoglobin level (8.86 ± 1.3 vs. 10.2 ± 1.6,
p < 0.001), higher RDW (16.3 ± 2.2 vs. 14.5 ± 1.4, p =
0.001), higher ALP (131.2 ± 84.5 vs. 83.4 ± 38.8, p = 0.001),
lower albumin (3.35 ± 0.65 vs. 3.90 ± 0.38, p = 0.001), and
higher hsCRP (33.1 ± 43.6 vs. 12.4 ± 23.9, p = 0.004) com-
pared to the control group. On the other hand, leukocyte
count, platelet, BUN, creatinine, potassium, calcium, phos-
phorous, ALT, glucose, and ferritin level were not signifi-
cantly different between the two groups.
Regarding HD vintage, we found a significant associ-

ation between it and a recent access operation (p = 0.032).
In addition, we also identified positive relationships be-
tween HD vintage and both serum levels of albumin and
hemoglobin (p = 0.003 and 0.042, respectively). To clarify
its impact on our findings, we further performed the sec-
ond propensity score matching model adding HD vintage
as a matching variable and showed overall similar results
as demonstrated in Table 2, with the exception being
there were less underlying disease of hypertension (50%
vs. 79.7%, p = 0.02) in the IS group.
Variables that were significantly different in patient’s

baseline characteristics and clinical features were adjusted
by sex, gender and DM in order to identify the risk factors
for IS in HD patients (as shown in Table 3). In the first
matching model, the following variables remained signifi-
cant after adjustment: underlying disease of degenerative
spinal disease (odds ratio [OR] = 12.87, 95% confident in-
tervals [CI] = 1.89–87.41; p = 0.009), HD vintage (OR =
0.64, 95%CI = 0.51–0.81; p < 0.001), HD through a tun-
neled cuffed catheter (OR = 6.75, 95%CI = 1.74–26.14;

p = 0.006), access operation within recent 6 months (OR =
13.27, 95%CI = 3.53–49.91; p < 0.001), hemoglobin (OR =
0.47, 95% CI = 0.29–0.76; p = 0.002), RDW (OR = 2.01,
95% CI = 1.33–3.04; p = 0.001), ALP (OR = 1.02, 95% CI =
1.00–1.03; p = 0.008), albumin (OR = 0.09, 95% CI = 0.02–
0.35; p = 0.001), hsCRP (OR = 1.02, 95%CI = 1.00–1.04;
p = 0.046). The inverse propensity score weighting used to
estimate the effect of recent access operation on IS con-
sistently demonstrated a significant association of recent
access operation with an IS in the near future (OR = 11.52,
95% CI = 3.20–41.50; p < 0.001).
When it comes to the second matching model, gen-

erally similar results were shown in Table 4. The main
divergences being hsCRP no longer remained signifi-
cantly different, while underlying disease of hyperten-
sion was significantly less in the IS group after
adjustment.
The ROC curves for the variables that remained sig-

nificantly-related after adjustment, hemoglobin, RDW,
ALP, and albumin, were shown in Figs. 2, 3, 4 and 5. For
hemoglobin, the area under the curve was 74.5% while
9.35 was the cutoff level as a risk factor for IS (sensitiv-
ity: 62.5%; specificity: 75.0%). For RDW, the area under
the curve was 77.5% while 15.65% was the cutoff level
for RDW to point at a possible diagnosis of IS (sensitiv-
ity: 68.8%; specificity: 82.8%). When it comes to that of
ALP, the area under the curve was 79.0% and 103.5 was
the cutoff level as a risk factor for IS (sensitivity: 73.3%;
specificity: 79.7%). In the case of albumin, the area under
the curve was 77.8% while 3.73 g/dL was the cutoff level
for albumin to indicate an increased risk for IS (sensitiv-
ity: 81.2%; specificity: 76.6%).

Table 3 Adjusted odds ratios for significant variables related to
infectious spondylitis (model 1)

Variables OR (95% CI)a p value

Immunosuppression status 7.649E+ 9 1.00

Degenerative spinal disease 12.87 (1.89–87.41) 0.009

HD vintage (years) 0.64 (0.51–0.81) < 0.001

HD access 0.022

Arteriovenous fistula 1 –

Arteriovenous graft 1.827 (0.395–8.455) 0.44

Tunneled cuffed catheter 6.75 (1.74–26.14) 0.006

Access operation within recent 6 months 13.27 (3.53–49.91) < 0.001

Hemoglobin 0.47 (0.29–0.76) 0.002

RDW 2.01 (1.33–3.04) 0.001

ALP 1.02 (1.00–1.03) 0.008

Albumin 0.09 (0.02–0.35) 0.001

hsCRP 1.02 (1.00–1.04) 0.046
aAdjusted for age, gender, and diabetes mellitus
OR odds ratio, CI confidence interval, HD hemodialysis, RDW red blood cell
volume distribution width, ALP alkaline phosphatase, hsCRP high sensitivity C-
reactive protein

Table 4 Adjusted odds ratios for significant variables related to
infectious spondylitis (model 2)

Variables OR (95% CI)a p value

Immunosuppression status 9.17E+ 09 1.00

Degenerative spinal disease 1.90E+ 10 1.00

Hypertension 0.23 (0.068–0.783) 0.02

HD access 0.001

Arteriovenous fistula 1 –

Arteriovenous graft 4.15 (0.81–21.34) 0.09

Tunneled cuffed catheter 17.87 (3.69–86.49) < 0.001

Access operation within recent 6 months 11.56 (3.18–42.01) < 0.001

Hemoglobin 0.59 (0.38–0.90) 0.015

RDW 2.09 (1.40–3.12) < 0.001

ALP 1.01 (1.00–1.02) 0.013

Albumin 0.11 (0.03–0.38) 0.001

hsCRP 1.02 (1.00–1.05) 0.07
aAdjusted for age, gender, and diabetes mellitus
OR odds ratio, CI confidence interval, HD hemodialysis, RDW red blood cell
volume distribution width, ALP alkaline phosphatase, hsCRP high sensitivity C-
reactive protein
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We managed to evaluate adjusted predictive models for
future IS by binary logistic regression analyses with for-
ward selection of the significantly-related variables after
adjustment. The first matching model demonstrates that
the two selected factors following adjustment were HD
vintage and ALP, as shown in Table 5. No collinearity was
found between the chosen variables, and this multivariate
ROC curve had an area under the curve of 92.3%.
We also followed the same approach for the second

matching model, turning out that the two selected fac-
tors following adjustment were RDW level and an access
operation within recent 6 months, as shown in Table 6.

No collinearity was found between the chosen variables,
and the multivariate ROC curve had an area under the
curve of 88.8%.
In addition, we analyzed lab data collected around

three months before the diagnosis of IS and compared
them to those of one month before diagnosis. The find-
ings remained consistent and no apparent difference was
noted (Additional file 1: Table S1).

Discussion
In the first propensity score-matched model matched by
age, gender and DM status, we found that patients with

Fig. 2 ROC curve of hemoglobin. Receiver operating characteristic curve for hemoglobin level to predict the diagnosis of infectious spondylitis

Fig. 3 ROC curve of RDW. Receiver operating characteristic curve for the level of red blood cell volume distribution width to predict the
diagnosis of infectious spondylitis
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the history of a degenerative spinal disease, shorter HD
vintage, recent access operation, or HD through a tun-
neled cuffed catheter was significantly related to the de-
velopment of IS after adjustment. Moreover, levels of
laboratory data, including lower hemoglobin, lower
serum albumin, higher RDW, higher ALP, and higher
hsCRP were also significantly linked to IS after adjust-
ment. Since we found HD vintage to be different be-
tween the two groups, which may be confounding, we
built the second propensity score-matched model with
the addition of HD vintage as a matching factor. Overall,

consistent results were noted even after adjustment. In
addition, we further compared these laboratory findings
documented about three months before the diagnosis of
IS to those collected one month before diagnosis in light
of the insidious nature of IS, and consistent results were
still noted. In order to ensure timely diagnosis of IS in
clinically-suspected HD patients, we also identified opti-
mal cutoff-levels of serum hemoglobin, RDW, ALP, and
albumin. To our knowledge, this is the first study to
show relationships between these variables and the odds
of IS among HD patients.

Fig. 4 ROC curve of ALP. Receiver operating characteristic curve for the alkaline phosphatase level to predict the diagnosis of
infectious spondylitis

Fig. 5 ROC curve of albumin. Receiver operating characteristic curve for the albumin level to predict the diagnosis of infectious spondylitis
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The significant relationships linking recent access op-
eration and tunneled cuffed catheter to increased odds
of IS plausibly suggest an increased risk of catheter ac-
cess infection due to transient bacteremia in these pa-
tients on HD [8]. When it comes to laboratory studies,
lower hemoglobin and albumin levels have long been
linked to inflammation and malnutrition. It is well-
known that HD poses an increased risk of inflammatory
syndromes in patients through both patient-related and
HD-related factors [9]. This chronic inflammatory effect
had been consistently reported to be related to decreased
serum albumin level [10] and subsequently increased
mortality [11]. In addition, malnutrition also increases
the mortality in patients on HD [12, 13], likely through
decreasing the number of T cells and impairing the pro-
duction of cytokines [14]. On the other hand, the associ-
ations of both increased RDW and increased ALP with
the mortality of HD patients have both been reported
[15–17]. Elevated RDW may reflect multiple underlying
conditions, including ineffective erythropoiesis, malnu-
trition, increased oxidative stress, and endothelial dys-
function [18]. Although the increase in ALP has been
reported as a reliable marker for the severity of the high-
turnover osteodystrophy in patients on HD [19], and is
associated with renal osteodystrophy and vitamin D defi-
ciency [20], this is an independent risk factor for altered
immunity and inflammation [21]. As for hsCRP, both of
its indicative role of inflammatory status and its prog-
nostic part in HD patients have been well-recognized
[22–24]. Our result demonstrated that elevated levels of
these laboratory findings should raise clinical concerns
for the inflammatory process linking to an increased risk
for IS in addition to the HD status.
After clarifying the adjusted odds ratios for each

variables for IS, we further managed to generate a

multivariable model with adjustment to look into the
combinations of factors that predicted IS events.
Within model 1, we noted that shorter HD vintages
and elevated ALP were selected as the most signifi-
cant factors. While within model 2, we found recent
access operation and serum RDW level as the two
most significant factors without collinearity in a single
regression model. Both combinations have adequate
predictability for IS within future 1 month. Due to the
natural rarity of IS [1, 7], there was limited sample
size and it may be improper for us to add in more
variables in light of it. However, based on our find-
ings, we strongly suggest physicians to maintain a
high degree of suspicion for infectious process facing
symptoms of back pain, neurological deficit, unex-
plainable fever, weight loss, lethargy, or confusion in
patients receiving maintenance HD, particularly if
there has been an unexpected high ALP level, or in-
explicable low RDW level following a recent access
intervention in patients with relatively short HD
vintage.
Intriguingly, we found that the study group had a

shorter mean HD vintage before we included it as a
matching variable. This could be partly explained by
the fact that patients require a recent access oper-
ation to start hemodialysis, and a recent access oper-
ation is a significant factor for increased odds of IS.
This significant relationship between shorter HD vin-
tages and a recent access operation was indeed ob-
served in our study, while adding HD vintage as an
additional matching variable did not affect the signifi-
cant relationship between a recent access operation
and IS. In other words, factors besides recent access
operation that relates to shorter HD vintage, such as
the inexperience in self-care, may also contribute to
this finding. Moreover, though longer HD vintages
were reported to be related to declined nutritional
status and increased mortality [25], our result showed
a positive relationship between HD vintage and some
markers of nutritional status, including serum albu-
min and hemoglobin levels (data not shown). These
findings could be explained by the fact that all
patients included were regularly followed up and
treated in a tertiary medical center, and their nutri-
tional status was closed monitored throughout the
hemodialysis course. As a result, the better nutritional
status over time may also explain the decreased odds
of IS as the HD vintage gets longer. We believe two
of the reasons discussed above both contributed to
our findings because the HD vintages in the two
study groups were still relatively shorter after stratifi-
cation by recent access operation.
The limitations of our study include its observational

design and the small effective sample size. Future studies

Table 5 A forward-selected logistic regression model of
variables associated with infectious spondylitis (model 1)

Explanatory variables OR (95% CI)a p value

HD vintage (years) 0.52 (0.34–0.78) 0.002

ALP 1.03 (1.01–1.05) 0.005
aAdjusted for age, gender, and diabetes mellitus
OR odds ratio, CI confidence interval, HD hemodialysis, ALP
alkaline phosphatase

Table 6 A forward-selected logistic regression model of
variables associated with infectious spondylitis (model 2)

Explanatory variables OR (95% CI)a p value

RDW 2.10 (1.40–3.38) 0.001

Access operation within recent 6 months 9.09 (1.94–42.70) 0.005
aAdjusted for age, gender, and diabetes mellitus
OR odds ratio, CI confidence interval, RDW red blood cell volume
distribution width
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with a greater sample size or a large prospective cohort
design are warranted to confirm our findings.
In conclusion, we found that HD through catheter,

history of degenerative spinal disease, immunosuppres-
sion status, or recent access operation, low hemoglobin
or albumin levels, high RDW or ALP levels were associ-
ated with the subsequent diagnosis of IS in patients
undergoing HD, facilitating early detection of the risk
group. These findings also highlight the potential patho-
genesis of blood access and malnutrition as a link be-
tween HD patients and IS, and whether improving these
correctable factors could prevent HD patients from IS
remains a subject for future studies.

Conclusions
Based on this PSM study, we found that patients with
shorter HD vintage, a recent access operation history, or
HD through a tunneled cuffed catheter was significantly
related to the development of IS after adjustment. In
addition, lower hemoglobin, lower serum albumin,
higher RDW, and higher ALP levels, were significantly
linked to IS after adjustment. Concurrent presentations
of the often unspecific IS symptoms with these risk fac-
tors in patients under maintenance HD should prompt
clinical awareness towards IS, especially when unex-
pected high ALP levels, or inexplicable low RDW levels
following a recent access intervention were found in pa-
tients with relatively short HD vintages.

Additional file

Additional file 1: Table S1. Comparison of lab data in hemodialysis
patients with and without infectious spondylitis (3 months before
diagnosis). (DOCX 15 kb)

Abbreviations
AC: Ante Cibum; ALP: Alkaline phosphatase; ALT: Alanine transaminase;
BUN: Blood urea nitrogen; CI: Confidence interval; CKD: Chronic kidney
disease; CRP: C-reactive protein; DM: Diabetes mellitus; ESR: Erythrocyte
sedimentation rate; ESRD: End-stage renal disease; HD: Hemodialysis;
hsCRP: High sensitivity C- reactive protein; IBM: Immersed Boundary Method;
IS: Infectious spondylitis; MRI: Magnetic resonance imaging; OR: Odds ratio;
PSM: Propensity score matching; RDW: Red blood cell volume distribution
width; ROC: Receiver operating characteristic; SMD: Standardized mean
difference; SPSS: Statistical Package for the Social Sciences

Acknowledgements
Not applicable.

Authors’ contributions
Conceived and designed the experiments: KLL. Analyzed the data: KLL YAL
IWW MYW HYY. Contributed reagents/materials/analysis tools: HHW CYW
CYW. Supervised the study: THY HYY. Data acquisition: WHH CWH CHW CYL.
Wrote the paper: KLL HYY. All authors have read and approved the final
version of the manuscript.

Funding
This research was supported by grants from the Chang Gung Memorial
Hospital (CORPG3F0131–2). The funding body had no role in design of the

study, data collection, analysis, interpretation of data or writing the
manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
This retrospective study was reviewed and approved by the Institution
Review Board of Chang Gung Memorial Hospital, Linko. Taiwan. As this was a
retrospective study, written consent to participate from the study subjects
was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Chang Gung Memorial Hospital, Taoyuan, Taiwan. 2Department of
Nephrology, Chang Gung Memorial Hospital, College of Medicine, Chang
Gung University, No. 5, Fusing St., Gueishan District, Taoyuan City 333,
Taiwan. 3Division of Allergy, Asthma, and Rheumatology, Department of
Pediatrics, Chang Gung Memorial Hospital, Chang Gung University College of
Medicine, Taoyuan, Taiwan. 4Department of Nephrology, Chang Gung
Memorial Hospital, College of Medicine, Chang Gung University, Keelung,
Taiwan. 5Department of Thoracic and Cardiovascular Surgery, Chang Gung
Memorial Hospital, College of Medicine, Chang Gung University, Taoyuan,
Taiwan. 6Bloomberg School of Public Health, Johns Hopkins University,
Baltimore, MD, USA.

Received: 5 February 2019 Accepted: 31 July 2019

References
1. Cheung WY, Luk KD. Pyogenic spondylitis. Int Orthop. 2012;36(2):397–404.
2. Zimmerli, W. Osteomyelitis. In: Kasper DL, Fauci AS, editors. Harrison's

infectious diseases. 3rd ed. New York: McGraw-Hill Education Medical; 2017.
p. 270–278.

3. Tali ET. Spinal infections. Eur J Radiol. 2004;50(2):120–33.
4. Sampath P, Rigamonti D. Spinal epidural abscess: a review of epidemiology,

diagnosis, and treatment. J Spinal Disord. 1999;12(2):89–93.
5. Reihsaus E, Waldbaur H, Seeling W. Spinal epidural abscess: a meta-analysis

of 915 patients. Neurosurg Rev. 2000;23(4):175–204 discussion 5.
6. Sarnak MJ, Jaber BL. Mortality caused by sepsis in patients with end-stage

renal disease compared with the general population. Kidney Int. 2000;58(4):
1758–64.

7. Lu YA, Hsu HH, Kao HK, Lee CH, Lee SY, Chen GH, et al. Infective
spondylodiscitis in patients on maintenance hemodialysis: a case series. Ren
Fail. 2017;39(1):179–86.

8. Kapsalaki E, Gatselis N, Stefos A, Makaritsis K, Vassiou A, Fezoulidis I, et al.
Spontaneous spondylodiscitis: presentation, risk factors, diagnosis,
management, and outcome. Int J Infect Dis. 2009;13(5):564–9.

9. Jofré R, Rodriguez-Benitez P, López-Gómez JM, Pérez-Garcia R. Inflammatory
syndrome in patients on hemodialysis. J Am Soc Nephrol. 2006;17(12 suppl
3):S274–80.

10. Kaysen GA, Dubin JA, Müller HG, Rosales L, Levin NW, Mitch WE. & HEMO
study group. Inflammation and reduced albumin synthesis associated with
stable decline in serum albumin in hemodialysis patients. Kidney Int. 2004;
65(4):1408–15.

11. de Mutsert R, Grootendorst DC, Indemans F, Boeschoten EW, Krediet RT,
Dekker FW. & Netherlands cooperative study on the adequacy of Dialysis-II
study group. Association between serum albumin and mortality in dialysis
patients is partly explained by inflammation, and not by malnutrition. J Ren
Nutr. 2009;19(2):127–35.

12. Ofsthun N, Labrecque J, Lacson E, Keen M, Lazarus JM. The effects of higher
hemoglobin levels on mortality and hospitalization in hemodialysis patients.
Kidney Int. 2003;63(5):1908–14.

Lu et al. BMC Nephrology          (2019) 20:323 Page 10 of 11

https://doi.org/10.1186/s12882-019-1504-x


13. Owen WF Jr, Lew NL, Liu Y, Lowrie EG, Lazarus JM. The urea reduction ratio
and serum albumin concentration as predictors of mortality in patients
undergoing hemodialysis. N Engl J Med. 1993;329(14):1001–6.

14. Gerriets VA, MacIver NJ. Role of T cells in malnutrition and obesity. Front
Immunol. 2014;5:379.

15. Vashistha T, Streja E, Molnar MZ, Rhee CM, Moradi H, Soohoo M, et al. Red
cell distribution width and mortality in hemodialysis patients. Am J Kidney
Dis. 2016;68(1):110–21.

16. Blayney MJ, Pisoni RL, Bragg-Gresham JL, Bommer J, Piera L, Saito A, et al.
High alkaline phosphatase levels in hemodialysis patients are associated
with higher risk of hospitalization and death. Kidney Int. 2008;74(5):655–63.

17. Soohoo M, Feng M, Obi Y, Streja E, Rhee CM, Lau WL, et al. Changes in
markers of mineral and bone disorders and mortality in incident
hemodialysis patients. Am J Nephrol. 2016;43(2):85–96.

18. Tekce H, Kin Tekce B, Aktas G, Tanrisev M, Sit M. The evaluation of red cell
distribution width in chronic hemodialysis patients. Int J Nephrol. 2014;2014:
754370.

19. Regidor DL, Kovesdy CP, Mehrotra R, Rambod M, Jing J, McAllister CJ, et al.
Serum alkaline phosphatase predicts mortality among maintenance
hemodialysis patients. J Am Soc Nephrol. 2008;19(11):2193–203.

20. Etta PK, Sharma RK, Gupta A. Study of chronic kidney disease-mineral bone
disorders in newly detected advanced renal failure patients: a hospital-
based cross-sectional study. Saudi J Kidney Dis Transpl. 2017;28(4):874–85.

21. Kamen DL, Tangpricha V. Vitamin D and molecular actions on the immune
system: modulation of innate and autoimmunity. J Mol Med (Berl). 2010;
88(5):441–50.

22. Helal I, Zerelli L, Krid M, ElYounsi F, Ben Maiz H, Zouari B, et al. Comparison
of C-reactive protein and high-sensitivity C-reactive protein levels in
patients on hemodialysis. Saudi J Kidney Dis Transpl. 2012;23(3):477–83.

23. Filiopoulos V, Vlassopoulos D. Inflammatory syndrome in chronic kidney
disease: pathogenesis and influence on outcomes. Inflamm Allergy Drug
Targets. 2009;8(5):369–82.

24. Yeun JY, Levine RA, Mantadilok V, Kaysen GA. C-reactive protein predicts all-
cause and cardiovascular mortality in hemodialysis patients. Am J Kidney
Dis. 2000;35(3):469–76.

25. Chertow GM, Johansen KL, Lew N, Lazarus JM, Lowrie EG. Vintage,
nutritional status, and survival in hemodialysis patients. Kidney Int. 2000;
57(3):1176–81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Lu et al. BMC Nephrology          (2019) 20:323 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patient selection and matching process
	Baseline covariates
	Statistical analyses

	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

