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Allogeneic haematopoietic cell transplantation with reduced-
intensity conditioning for elderly patients with advanced
myelodysplastic syndromes: a nationwide study

The role of allogeneic haematopoietic cell transplantation
(Allo-HCT) in the treatment of younger patients with
myelodysplastic syndromes (MDS) is well established (de
Witte et al, 2000; Sierra et al, 2002). However, early registry
studies showed an adverse association between advanced age
and increased non-relapse mortality (NRM) (Arnold et al,
1998). The introduction of reduced-intensity conditioning
(RIC) has drastically reduced NRM, leading to a significant
increase in the number of elderly patients with haematopoi-
etic malignancy being referred for Allo-HCT. We conducted
a nationwide retrospective study to clarify whether Allo-HCT
with RIC actually improves overall survival (OS) for elderly
patients with advanced MDS and sought to identify other
variables that significantly influenced the outcome of Allo-
HCT for these patients.

Data for patients who fulfilled the following criteria
were obtained from the Transplant Registry Unified Man-
agement Program (TRUMP) (Atsuta et al, 2007): (i) aged
50-69 years, (ii) presence of French-American-British (FAB)
class of refractory anaemia (RA) with excess blasts (RAEB)
or RAEB in transformation (RAEBt) at any time between
diagnosis and HCT, and (iii) received the first allogeneic
bone marrow (BM) or peripheral blood stem cell transplan-
tation from a human leucocyte antigen (HLA)-matched-
related donor or a HLA-matched or -unmatched unrelated
donor (URD) (Weisdorf et al, 2008) (Table SI) in Japan
between 1 January 1 2001 and 31 December 2010. Patients
with RA, RA with ringed sideroblasts or acute myeloid
leukaemia evolving from MDS were excluded; such tight
restriction of the disease stage meant that the study could
deliver practical and useful information to clinical physi-
cians. The conditioning regimen was classified as myeloabla-
tive conditioning (MAC) if it included total body
irradiation (TBI) >8 Gy, oral busulfan (Bu) >9 mg/kg, intra-
venous Bu >7-2 mg/kg, or melphalan (Mel) >140 mg/m%
otherwise, it was classified as RIC (Giralt et al, 2009). Data
on the International Prognostic Scoring System (IPSS) com-
ponents at HCT (Greenberg et al, 1997) were missing in
TRUMP. Therefore, disease risk stratification used FAB class

© 2014 John Wiley & Sons Ltd
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of RAEBt at any time between diagnosis and HCT, BM
blasts >5% at HCT, and poor cytogenetics according to
IPSS. Further details are provided in the Supplementary
Methods.

Patient characteristics are shown in Tables I and SII. Of the
448 patients, 197 (44%) received MAC [cyclophosphamide
(Cy)-TBI-based (n = 63), Bu-Cy-based (n = 58), fludara-
bine (Flu)-Bu-based (n = 42), Flu-Mel-based (n = 22) and
other MAC (n = 12)]. The remaining 251 (56%) patients
received RIC [Flu-Bu-based (n = 132), Flu-Mel-based (n =
80), Flu-Cy-based (n = 18) and other RIC (n = 21)]. Compar-
ison of the patients who received MAC and RIC revealed
that the RIC patients were significantly more likely to be
60-69 years of age (16% vs. 47%; P = 0-001), and less likely to
receive a URD transplant (70% vs. 54%; P = 0-001) (Table
SII).

The 3-year OS rates of patients receiving MAC and RIC
were comparable (42-7% vs. 44-1%; P = 0-330; Fig 1A, Table
SIII). The early mortality ratios were also similar between
patients receiving MAC and RIC (5:6% vs. 3-6% at 30 days
[P =0-309]; 21-3% vs. 15-4% at 100 days [P = 0-106]). The
multivariate analysis (Table I) revealed that the patients
receiving MAC and RIC were comparable in terms of OS
(RIC: relative risk [RR] 0-85; 95% confidence interval [CI]
0-65-1-13; P = 0-262). Other variables that were significantly
and independently associated with OS in the whole cohort
were HCT-comorbidity index >2 (RR 1-87; 95% CI 1-15—
3-06; P = 0-012) (Sorror et al, 2005), BM blasts >5% at HCT
(RR 1-46; 95% CI 1-02-2-10; P = 0-041), poor cytogenetics
(RR 1-78; 95% CI 1-37-2-32; P < 0-001), time from diagnosis
to HCT >6 months (RR 0-73; 95% CI 0-54-0-99; P = 0-042),
partially matched (PM)-URD (RR 1:95; 95% CI 1-31-2-91;
P = 0-001) and mismatched (MM)-URD (RR 2-47; 95% CI
1.61-3-79; P < 0-001).

Patients receiving RIC had a significantly lower 3-year
cumulative incidence of NRM than patients receiving
MAC (25-6% vs. 37-9%; P = 0-002, Fig 1B, Table SIII). The
100-day cumulative incidence of grade II-IV acute graft-
versus-host disease (GVHD) and the I-year cumulative
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Table . Patient characteristics and multivariate analysis for overall survival, non-relapse mortality and relapse.

NRM Relapse

(@)

Variables 1 KRR (959%ChH P value
Intensity of conditioning regimen

MAC 197 100

RIC 25] 0-85 (0-65~1:13) 0-262
Recipient age at HCT

5059 years 299 1:00

60-69 years 149 1:07 (0-80-1-43) 0:671
Recipient sex

Female 128 1-00

Male 320 1-12 (0-84-1-50) 0-438
HCT-CI

0 120 1-00

-2 60 1-34 (0-84-2:13) 0-225
> 2 45 1-87 (1:15-3-06) 0-012

Missing 223 1-59 (1:11-2-30) 0-013
FAB class

RAEB 329 1-00

RAEBt 119 1-26 (0-94--1-68) 0-120
Bone marrow blasts at HCT

< 5% 78 1-00

> 5% 370 1-46 (1:02-2:10) 0-041
Cytogenetics

Good/standard 270 1-00

Poor 160 1.78 (1.37-2-32) <0-001

Missing 18 0-93 (0-43-2.01) 0-847
Duration from diagnosis to HCT

< 6 months 159 1-00

> 6 months 289 0-73 (0-54-0:99) 0-042
Donor type

M-RD 175 1:00

WM-URD 148 1-12 (0-79-1-59) 0-517

PM-URD 77 195 (1-31-2:91) 0-001

MM-URD 48 2:47 (1:61-3-79) <0-001
Year at HCT

20012005 164 1-00

2006-2010 284 0-95 (0-69-1-31) 0760

RR (95%C1) P value RR (95%Cl) P value

1.00 1-00
0:57 (0-39-0-83) 0-004 1-59 (1-06--2:39) 0027
1-00 1-00
1:26 (0-85-1.89) 0253 0.70 (0-45-1-10) 0-120
1-00 1.00
1-28 (0-84-1.94) 0-254 0-82 (0-55-1-22) 0321
100 1-00
1-18 (0:60-2-32) 0-639 1:36 (0-75-2-49) 0-312
1.70 (0-84-3-45) 0-139 1:52 (0-79-2-94) 0214
169 (1-00-2-86) 0048 0:96 (0-58-1-58) 0-868
1-00 100
1.26 (0-82-1-92) 0291 1:03 (0-67-1-59) 0-900
1-00 1-00
1:53 (0-94-2.49) 0-090 127 (0-72-2:23) 0-409
100 100
140 (0-97-2-02) 0-073 162 (1-10-2:39) 0-015
0-86 (0-30-2-43) 0-778 0-72 (0-21-2-47) 0-605
1-00 1-00
0-88 (0-59-1.31) 0-532 0-63 (0:39-0-99) 0-046
1.00 1-00
1-36 (0-85-2-18) 0203 0-94 (0-57-1-53) 0-791
2:63 (1-60-4-33) <0-001 0-81 (0-41-1-59) 0-545
3.38 (1-93-5-92) <0-001 1-00 (0-49--2-04) 0994
1-00 100
0-75 (0-48-1.19) 0222 1-08 (0-68-1-73) 0742

0OS, overall survival; NRM, non-relapse mortality; RR, relative risk; 95%CI, 95% confidence interval; MAC, myeloablative conditioning; RIC,
reduced-intensity conditioning; HCT, haematopoietic cell transplantation; HCT-CI, HCT-specific comorbidity index; FAB, French-American-Brit-
ish; RAEB, refractory anaemia with excess blasts; RAEBt, RAEB in transformation; M-RD, matched-related donor; URD, unrelated donor;
WM-URD, well-matched URD; PM-URD, partially matched URD; MM-URD, mismatched URD.

incidence of chronic GVHD of patients receiving MAC and
RIC was 37-6% vs. 36:6% (P = 0-719) and 44-6% vs. 38-6%
(P = 0-063), respectively (Fig S1). The multivariate analysis
(Table 1) showed that patients receiving RIC had a signifi-
cantly lower NRM than patients receiving MAC (RR 0-57;
95% CI 0-39-0-83; P = 0-004). PM-URD (RR 2-63; 95% CI
1-60-4-33; P < 0-001) and MM-URD (RR 3:38; 95% CI
1-93-5-92; P < 0-001) were also independent variables that
associated significantly with NRM. Patients receiving MAC
and RIC were comparable in terms of grade II-IV acute
GVHD risk (RIC: RR 1-07; 95%CI 0-76~-1-49; P = 0-705) and
chronic GVHD risk (RIC: RR 0-73; 95%CI 0-51-1-03;
P = 0-073).
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Patients receiving RIC had a significantly higher 3-year
cumulative incidence of relapse than the patients receiving
MAC (29-9% vs. 22-8%; P = 0-029, Fig 1c, Table SIII). The
multivariate analysis (Table I) showed that patients receiving
RIC had a significantly higher relapse risk than patients
receiving MAC (RR 1-59; 95% CI 1-06-2:39; P = 0-027).
Poor cytogenetics (RR, 1-62; 95% CI, 1-10-2-39; P = 0-015)
and time from diagnosis to HCT >6 months (RR 0-63; 95%
CI 0-39-0-99; P = 0-046) were also independent variables
that were significantly associated with relapse risk.

The present study showed that elderly patients with
advanced MDS receiving RIC and MAC had comparable OS.
Notably, 40% of the patients receiving RIC obtained long-term

© 2014 John Wiley & Sons Ltd
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Fig 1. Overall survival, non-relapse mortality and relapse. (A) Unad-
justed probability of overall survival of the cohort divided according
to the intensity of the conditioning regimen (myeloablative condi-
tioning [MAC] versus reduced-intensity conditioning [RIC];
P =0-330). (B) Unadjusted cumulative incidence of non-relapse
mortality of the cohort divided according to the intensity of the con-
ditioning regimen (MAC vs. RIC; P = 0-002). (C) Unadjusted cumu-
lative incidence of relapse of the cohort divided according to the
intensity of the conditioning regimen (MAC vs. RIC; P = 0-029).
08, overall survival; NRM, non-relapse mortality; MAC, myeloabla-
tive conditioning; RIC, reduced-intensity conditioning.

survival. This indicates that, like MAC, RIC followed by Allo-
HCT is a curative treatment option for elderly patients with
advanced MDS; this effect is probably mediated by the graft-
versus-MDS effect.

Compared to MAC, RIC was associated with lower NRM
but a higher relapse rate. Other retrospective studies also

© 2014 john Wiley & Sons Ltd
British Journal of Haematology, 2015, 168, 452-466
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show that a lower-intensity conditioning regimen associates
with a higher relapse rate, especially in patients with
advanced disease (de Lima et al, 2004; Shimoni et al, 2006).
These results indicate that both the graft-versus-MDS effect
and higher-intensity conditioning regimen are important for
curing advanced MDS. The development of a new condition-
ing regimen that has high anti-MDS activity but does not
induce severe organ toxicity may improve the outcome of
elderly patients with advanced MDS.

Although randomized trials are needed, we conclude that
Allo-HCT with RIC is a potential therapeutic option for
those elderly patients with advanced MDS who are not eligi-
ble for MAC. The efficacy needs to be explored in prospec-
tive study.
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ORIGINAL ARTICLE
Pre-transplant diabetes mellitus 1s a risk factor for

non-relapse mortality, especially infection-related mortality,
after allogeneic hematopoietic SCT

K Takano™?'°, S Fuji""® N Uchida®, H Ogawa®, K Ohashi®, T Eto®, H Sakamaki®, Y Morishima’, K Kato®, R Suzuki® and T Fukuda’

Diabetes mellitus (DM) is a factor in the hematopoietic cell transplantation-comorbidity index, However, the impact of pre-

transplant DM on morbidity and cause-specific non-relapse mortality (NRM) remains unclear. We performed a retrospective study
with registry data that included a total of 7626 patients who underwent their first allogeneic hematopoietic SCT (HSCT) between
2007 and 2010. The median age was 44 years (range 0-88). Compared with patients without pre-transplant DM {non-DM group,
n=7248), patients with pre-transplant DM (DM group, n=378) were older and were more likely to have high-risk disease, a

reduced-intensity conditioning regimen and GVHD prophylaxis using tacrolimus. Multivariate analyses showed that pre-transplant
DM was associated with increased risks of NRM (hazard ratio (HR)1.46, 95% confidence interval (Cl) 1.21-1.76, P < 0.01) and

infection-related NRM (HR 2.08, 95% Cl 1.58-2.73, P < 0.01). The presence of pre-transplant DM was associated with an increased
risk of overall mortality in a multivariate analysis (HR 1.55, 95% Cl 1.35-1.78, P < 0.01). In conclusion, pre-transplant DM was a risk
factor for NRM, particularly infection-related mortality, after allogeneic HSCT. To improve the clinical outcome in patients with DM,

the benefits of strict infection control and appropriate glycemic control should be explored in future trials.

Bone Marrow Transplantation advance online publication, 26 January 2015; doi:10.1038/bmt.2014.315

INTRODUCTION

Allogeneic hematopoietic SCT (HSCT) has become an integral part
of treatment for hematological malignancies. The risk of non-
relapse mortality (NRM) after allogeneic HSCT has decreased
significantly over the past few decades.'™ However, the risk
of NRM is still high in elderly patients and patients with
comorbidities* Sorror. et al> established a hematopoietic cell
transplantation-comorbidity index (HCT-Cl) scoring system to
predict the risk of NRM using pre-transplant parameters. Previous
studies that assessed the impact of HCT-CI only demonstrated its
impact on the overall clinical outcome.>® However, detailed
information about the risk of each morbidity and mortality in
patients with each comorbidity is necessary so that we can
intervene efficiently to reduce the risk of complications, which
could be expected to improve the overall outcome.

Regarding pre-transplant diabetes mellitus (DM), Derr et al.’
reported that pre-transplant hyperglycemia was associated with
an increased risk of infectious diseases. However, they did not
assess the impact of pre-transplant hyperglycemia on GVHD
because their study mainly included patients who underwent
autologous HSCT. In addition, several papers have reported that
peritransplant DM was associated with an increased risk of
NRMSE® Our group previously showed that preengraftment
hyperglycemia could be a risk factor for infectious diseases, acute

GVHD and NRM.° However, post-transplant hyperglycemia can be
caused by the post-transplant complications such as infectious
diseases, which clearly increase the risk of subsequent NRM.'"12
Therefore, the impact of pre-transplant DM on morbidity and
cause-specific NRM remains unclear.

The prevalence of DM is increasing worldwide."®'* The number
of HSCT recipients complicated with DM is also expected to
increase. Thus, it is important to explore methods for improving
the outcome of patients with DM in allogeneic HSCT. If we could
identify morbidities which have a greater risk in patients with DM,
we may be able to prevent such morbidities specifically in patients
with DM in addition to glucose control, as in our previous report.’®

In this study, we retrospectively assessed the impact of pre-
transplant DM on the clinical outcome after allogeneic HSCT using
the registry database of the Japan Society for Hematopoietic Cell
Transplantation (JSHCT)."”

PATIENTS AND METHODS
Patients

The clinical data were obtained from the registry database of the
Transplant Registry Unified Management Program provided by the
JSHCT.'” The following patients were included in the study: (i) patients
who underwent their first allogeneic HSCT between January 2007 and
December 2010, and (i) patients for whom information was available
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regarding the presence or absence of pre-transplant DM included in the
scoring of HCT-Cl. Three patients who did not have information about the
overall clinical outcome were excluded. Finally, 7626 patients were
included in further analyses. Data about the control of DM and the
insulin-based protocols were not available owing to the nature of our
registry data. This study was approved by the Institutional Review Board of
National Cancer Center, Tokyo, Japan.

Clinical outcomes

Endpoints included OS, PFS, relapse/progression, NRM, infectious diseases
and acute GVHD. Acute and chronic GVHD were defined based on the
standard criteria.'™"” Regarding cause-specific NRM, NRM was categorized
according to the major cause of death including infection, GVHD, organ
failure and other.

Statistical analysis

A descriptive statistical analysis was performed to assess the patients’
characteristics. Medians and ranges are provided for continuous variables
and percentages are given for categorical variables. The probabilities of OS
and PFS were calculated by the Kaplan-Meier method. A Cox proportional-
hazards regression model was used to analyze OS and PFS, The cumulative
incidences of engraftment, NRM, GVHD and infections were evaluated
using the Fine and Gray model for univariate and multivariate analyses of
cumulative incidence. In the competing risk models for engraftment, GVHD
and infectious disease, relapse and death before these events were
defined as competing risks. In the competing risk models for NRM, relapse
was defined as a competing risk. For each cause-specific NRM, relapse and
NRM with other causes were defined as competing risks. Factors that were
associated with a two-sided P-value of < 0,10 in the univariate analysis
were included in a multivariate analysis. We used a backward-stepwise
selection algorithm and retained only the statistically significant variables
in the final model. A two-sided P-value of <005 was considered
statistically significant. The variables that were evaluated in these analyses
were as follows: sex mismatch (female to male vs other), patient's age at
the time of HSCT (age > 40 years vs age < 40), disease risk (standard risk
vs high risk), stem cell source (BM vs PB stem cells vs cord blood), HLA
disparity assessed by serological typing of HLA A, B and DRB1,
performance status (0-1 vs 2-4), intensity of the conditioning regimen
(myeloablative conditioning vs reduced-intensity conditioning) and ABO
mismatch (match vs minor mismatch vs major mismatch/major and minor
mismatch). Standard risk was defined as the first CR of acute leukemia or
the first chronic phase of CML or non-malignant diseases. High risk was
defined as other diseases. The intensity of the conditioning regimen was
defined as described previously.?%?’

All statistical analyzes were performed with EZR (Saitama Medical Center,
Jichi Medical University), which is a graphical user interface for R (The R
Foundation for Statistical Computing, version 2.13.0, Dr Yoshinobu Kanda,
Saitama, Japan).?? More precisely, it is a modified version of R commander
(version 1.6-3, Dr Yoshinobu Kanda) that was designed to add statistical
functions that are frequently used in biostatistics.

RESULTS
Patients’ characteristics

Table 1 summarizes the patients’ characteristics. Among the 7626
patients, 378 (5%) had pre-transplant DM (the DM group). Compared
with patients without pre-transplant DM (the non-DM group), the
DM group included significantly older patients, more patients with
high-risk disease, more patients who received a reduced-intensity
conditioning regimen and more patients who received tacrolimus.

In the DM group, 259 (69%) and 119 patients (31%) were
classified as HCT-Cl score = 1-2 and > 3, respectively. On the other
hand, in the non-DM group, 1476 (20%) and 784 patients (11%)
were classified as HCT-Cl score = 1-2 and > 3, respectively. We also
calculated the HCT-CI score without including the DM score to
independently assess the impact of DM. When we excluded the
DM score, more patients in the DM group were classified as HCT-Cl
score > 1 and this proportion was higher than that in the non-DM
group (54 vs 32%, P <0.01). Supplementary Table 1 shows a
detailed analysis of the comorbidities other than DM in each
group. Patients in the DM group were more likely to be

Bone Marrow Transplantation (2015), 1-6

Table 1. Patients’ characteristics
DM (n=378)  Non-DM (n=7248)  P-value
n (%) n (%)
Age median (range) 58 (6-73) 43 (0-88) < 0.01
Sex combination
Female to male 92 (24) 1599 (22) 0.21
Others 249 (66) 5046 (70)
Missing 37 (10) 608 (8)
Disease risk
Standard 115 (30) 2811 (39) < 0.01
High 263 (70) 4437 (61)
PS
0-1 319 (84) 6083 (84) 0.26
2-4 32 (9) 763 (11)
Missing 27 (7) 402 (5)
Conditioning
MAC 158 (42) 4480 (62) < 0,01
RIC 211 (56) 2669 (37)
Missing 9 (2) 99 (1)
Stem cell source
Related BM 43 (11 1261 (17) < 0.01
Related PBSC 53 (14) 1247 (17)
Unrelated BM 184 (49) 2858 (39)
CB 98 (26) 1882 (26)
GVHD prophylaxis
Cs based 125 (34) 3026 (42) < 0.01
Tacrolimus based 249 (66) 4189 (58)
HCT-CI score
0 0 (0) 4978 (69) < 0.01
1-2 259 (69) 1476 (20)
23 119 31) 784 (11)
HCT-Cl score except DM score
0 175 (46) 4978 (69) < 0.01
1-2 129 (34) 1476 (20)
=23 74 (20) 784 (11)
Abbreviations: CB =cord blood; DM = diabetes mellitus; HCT-Cl = hemato-
poietic cell transplantation-comorbidity index; MAC =myeloablative
conditioning;  PBSC=PB  stem cell; PS=performance status;
RIC =reduced-intensity conditioning.

complicated by arrhythmia, cerebrovascular disease, cardiac
disease, mild hepatic disease, psychiatric disturbance, obesity
and prior solid tumor than those in the non-DM group.

Infections

The cumulative incidence of all documented infections at 1 year
after HSCT in the DM group was significantly higher than in the
non-DM group (61.5 vs 52.3%, P < 0.01, Figure 1a). However, in a
multivariate analysis, pre-transplant DM was not associated with
an increased risk of documented infections. The cumulative
incidence of fungal infection at 1 year after HSCT in the DM group
was significantly higher than that in the non-DM group (14.9 vs
10.0%, P=0.02, Figure 1b). When we focused on the species of
fungal infection, there was no significant difference in the
cumulative incidence of aspergillus or candida infection between
the two groups. Meanwhile, the cumulative incidence of mucor
infection at 1 year in the DM group was significantly higher than
that in the non-DM group (1.1 vs 0.1%; P < 0.01). In a multivariate
analysis, pre-transplant DM was significantly associated with an
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increased risk of mucor infection (hazard ratio (HR) 9.91, 95%
confidence interval (Cl) 2.99-32.88, P < 0.01). There were no
significant differences in the cumulative incidences of bacterial
and viral infections at 1 year after HSCT between the groups.

Acute GVHD

There was no difference in the cumulative incidence of grade lI-IV
acute GVHD between the two groups (34.7 vs 34.5%, P=0.79).
There was also no significant difference in the cumulative
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incidence of grade llI-IV acute GVHD between the groups (10.6
vs 11.8%, P=0.48). Pre-transplant DM was not a risk factor for
acute GVHD in multivariate analyses.

NRM

The median follow-up period of survivors was 583 days (range,
24-1712 days) after HSCT. Patients in the DM group had a
significantly higher incidence of 1-year NRM than those in the
non-DM group (36.9% vs 20.1%, P<0.01, Figure 2a). In a
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Figure 2.

Cumulative incidence curves of NRM (a), infection-related NRM (d), GVHD-related NRM (e) and organ failure-related NRM (f) grouped

according to the presence of pre-transplant DM. Cumulative incidence curves of NRM in the DM group stratified according to HCT-Cl
excluding the DM score (b), and in the non-DM group stratified according to the HCT-Cl score (c).
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multivariate analysis, pre-transplant DM was significantly asso-
ciated with an increased risk of NRM (HR 1.46; 95% Cl 1.21-1.76;
P < 0.01, Table 2).

To exclude the impact of other comorbidities, we calculated the
HCT-CI score by excluding the DM score and classified patients

Table 2. Multivariate analysis of NRM
Covariates Univariate analysis Multivariate analysis
HR  95% CI P-value HR  95% Cl  P-value
DM
No 1.00 1.00
Yes 2.02 1.71-238 <001 146 121-176 <001
Age, years
< 40 1.00 1.00
=40 224 1.92-262 <001 196 1.66-231 <001
Sex combination
Female to male 1.03 092-1.16 0.61
Others 1.00
PS
0-1 1.00 1.00
2-4 241 213-273 <001 218 191-249 «0.01
Disease risk
Standard 1.00 1.00
High 1.79 1.61-1.99 <001 139 1.25-156 <«0.01

Stem cell source

Related BM 1.00 1.00

Related PBSC 1.65 1.37-1.99 <001 1.17 0.96-1.42 0.01

Unrelated BM 177 151-209 <001 1 1.29-1.81 < 0.01

CB 2,52 213-298 < 0.01 1.15-1.73 < 0.01
HLA disparity

Ag match 1.00 1.00

1 Ag mismatch 1.55 1.37-1.76 <001 1.50 1.30-1.72 <0.01

>2 Ag mismatch 2,01 1.80-2.25 <001 172 145-204 <001
Conditioning

MAC 1.00 1.00

RIC 145 1.32-160 <001 1.19 1.08-132 <0.01
GVHD prophylaxis

Cs based 1.00

Tacrolimus based 1.24 1.13-1.37 < 0.01

Abbreviations: CB=cord blood; Cl=confidence interval; DM = diabetes
mellitus; HR = hazard ratio; MAC = myeloablative conditioning; PBSC=PB
stem cell; PS = performance status; RIC =reduced-intensity conditioning.
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into three groups: score=0, 1-2, 23 in the DM group (Figure 2b)
and the non-DM group (Figure 2¢). The cumulative incidence of
NRM at 1 year after HSCT in the DM group was significantly higher
than that in the non-DM group for each HCT-Cl score group. In the
DM group, even in patients without any other comorbidities, the
cumulative incidence of NRM at 1 year was 35% (Figure 2b). With
respect to the group with score 2 3, the cumulative incidence of
NRM at 1 year increased to 52.6%, which was significantly higher
than that in the non-DM group (Figures 2b and ). To further
confirm the impact of DM, whilst adjusting for the impact of other
HCT-CI factors, we performed a multivariate analysis of NRM that
included all of the factors of HCT-Cl, and pre-transplant DM was
still an independent risk factor for NRM (HR 1.66; 95% Cl 1.40-1.97;
P <0.01).

Cause-specific NRM

The cumulative incidence of infection-related NRM at 1 year after
HSCT in the DM group was significantly higher than that in the
non-DM group (16.4 vs 6.7%, P < 0.01, Figure 2d). In a multivariate
analysis, pre-transplant DM was associated with an increased risk
of infection-related NRM (HR 2.08, 95%Cl 1.58-2.73, P < 0.01,
Supplementary Table 2). When patients were stratified into three
groups according to the pathogen of infection-related NRM
(bacterial, fungal and viral), the incidence of each pathogen-
related NRM was significantly higher in the DM group. Multivariate
analyses showed that pre-transplant DM was associated with an
increased risk of each pathogen-related NRM (bacterial, HR 1.53,
95%Cl 1.01-2.32, P=0.04; viral, HR 2.66, 95%C| 1.37-5.17, P < 0.07;
fungal, HR 3.51, 95%C! 2.05-6.03, P < 0.01, respectively).

There was no significant difference in the cumulative incidence
of GVHD-related NRM between the two groups (3.6 vs 2.0% at
1 year, P=0.05, Figure 2e). In a multivariate analysis, pre-transplant
DM was not a risk factor of GVHD-related NRM. The cumulative
incidence of organ failure-related NRM at 1 year in the DM group
was significantly higher than that in the non-DM group (9.8 vs
6.3%, P=0.01, Figure 2f). In a multivariate analysis, pre-transplant
DM was associated with an increased risk of organ failure-related
NRM (HR 1.41, 95%CI 1.01-1.96, P=0.04).

OS, PFS and relapse

The probability of OS at 1 year after HSCT in the DM group was
significantly worse than that in the non-DM group (44.7 vs 63.9%,
P < 0.01, Figure 3). A multivariate analysis showed that pre-
transplant DM was associated with an inferior OS (HR 1.55, 95%Cl
1.35-1.78, P < 0.001, Table 3). The probability of PFS at 1 year in
the DM group was also significantly worse than in the
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Table 3. Multivariate analysis of OS

Covariates Univariate analysis Multivariate analysis
HR  95% CI  P-value HR 95% Cl P-value

DM

No 1.00 1.00

Yes 1.80 1.57-2.05 <.001 1.55 1.35-1.78 <0.01
Age, years

<40 1.00 1.00

>40 1.86 1.68-2.06 <0.01 158 142-1.76 <0.01

Sex combination
Female to male 1.02 0.94-1.11 0.69

Others 1.00
PS

0-1 1.00 1.00

2-4 2.84 260-3.10 <0.01 253 231-277 <0.01
Disease risk

Standard 1.00 1.00

High 266 245-289 <0.01 224 206-244 <0.01

Stem cell source
Related BM 1.00 1.00
Related PBSC 1.67 1.47-1.89 <0.01 1.18 1.04-1.35 0.01
Unrelated BM  1.39 1.25-1.55 <0.01 1.20 1.07-1.35 <0.01

CB 2.07 1.85-232 <001 1.24 1.08-142 <001
HLA disparity

Ag match 1.00 1.00

1 Ag mismatch 1.37 1.25-1.50 <0.01 128 1.16-142 <0.01

=2 Ag 1.87 1.72-2.03 <0.01 1.49 1.33-1.67 <0.01

mismatch

Intensity of conditiong

MAC 1.00 1.00

RIC 1.32 1.23-142 <0.01 1.10 1.03-1.18 0.01
GVHD prophylaxis

Cs based 1.00

Tacrolimus 1.17 1.09-1.25 <0.01

based

Abbreviations: CB=cord blood; Cl=confidence interval; DM = diabetes
mellitus; HR = hazard ratio; MAC = myeloablative conditioning; PBSC=PB
sten cell; PS = performance status; RIC =reduced-intensity conditioning.

non-DM group (40.6 vs 57.4%, P < 0.01). In a multivariate analysis,
pre-transplant DM was associated with an inferior PFS (HR 1.44,
95%C| 1.26-1.65, P < 0.01). Regarding relapse, there was no
significant difference in the relapse rate between the two groups
(30.1 vs 26.2% at 1 year, P=0.10). Pre-transplant DM was not
associated with an increased risk of relapse in a multivariate
analysis.

DISCUSSION

In this study, we clearly demonstrated that pre-transplant DM was
associated with an increased risk of NRM that led to an inferior OS.
These results were consistent with previous reports by Sorror
et al.>® The estimated HR for NRM in a multivariate analysis that
included all other HCT-CI factors was 1.66, which was similar to the
estimated HR (HR 1.6) reported by Sorror et al® Our study
confirmed the importance of pre-transplant DM as a risk factor of
NRM in allogeneic HSCT.

© 2015 Macmillan Publishers Limited
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This study is the first to demonstrate that pre-transplant DM is
associated with an increased risk of infection-related deaths.
The impact of pre-transplant hyperglycemia on the risk of
infection during neutropenia has been discussed previously.”
Derr et al” reported that pre-transplant hyperglycemia was
associated with an increased risk of post-transplant infectious
diseases. Even though pre-transplant DM was not a risk factor of
infectious diseases in a multivariate analysis in the current study,
the incidence of infection-related NRM was significantly higher in
patients with DM. This might reflect the vulnerability of patients
with DM to infectious diseases. In particular, in terms of fungal
disease, pre-transplant DM was associated with a highly increased
risk of death (HR 3.51, 95%C!| 2.05-6.03, P < 0.01). Therefore, it
might be beneficial to intensify the monitoring or the prophylaxis
of fungal diseases in patients with DM. In addition, even though
the overall incidence was low, the increased risk of mucor
infection in patients with DM was significantly higher than in
patients without DM (HR 9.91, 95% Cl 2.99-32.88, P < 0.01), which
was consistent with previous observational studies?*?* This
finding suggests that, when patients with DM develop pneumonia
that is suspected to involve Aspergillus or Mucor, it might be
preferable to use antifungal agents that are active against Mucor,
such as liposomal amphotericin B.

We also analyzed the relationship between pre-transplant DM
and other factors of HCT-CI. Patients in the DM group were more
likely to be complicated by arrhythmia, cerebrovascular disease,
cardiac disease, mild hepatic disease, psychiatric disturbance,
obesity and prior solid tumor than those in the non-DM group.
This finding was consistent with previous reports.>*° However,
pre-transplant DM was an independent risk factor of NRM in a
multivariate analysis that included all other HCT-CI factors.
Furthermore, when patients were stratified according to the
HCT-Cl score that did not include DM, the incidence of NRM in
patients with DM was higher than that in those without DM. In
patients with an HCT-Cl score of 0, NRM at 1 year in the DM group
was two times higher than that in the non-DM group (32.8 vs
16.5%, Figures 2b and c). With respect to patients with an HCT-Cl
score of 3 or more, 1-year NRM increased to over 52.6%. Thus,
these results suggested that pre-transplant DM was associated
with a poor clinical outcome independent of such coexisting
comorbidities.

One possible intervention for improving the outcome couid be
intensive glucose control (IGC) after allogeneic HSCT. As reported
previously, post-transplant hyperglycemia was common even in
patients without pre-transplant DM27'° Previous reports have
shown that hyperglycemia is significantly associated with an
increased risk of organ dysfunction, grade II-IV acute GVHD and
NRM.2"1° Therefore, we could assume that glucose control is more
important in patients with pre-transplant DM. Our group recently
published the resuits of an IGC protocol, and patients with the IGC
protocol had a lower incidence of infectious diseases than a
matched control cohort without IGC.'® Even though most patients
in that study did not have pre-transplant DM, IGC may offer similar
benefits in patients with DM. The benefits of IGC in allogeneic
HSCT for patients with DM should be assessed in future trials.

The limitations of this study should be clarified. Although this is
the largest study to assess the impact of pre-transplant DM on the
clinical outcome after allogeneic HSCT, as it was a retrospective
analysis, we were not able to exclude the presence of uncontrolled
confounding variables, even if we conducted multivariate analyzes
for each clinical outcome. Thus, the present findings should be
reevaluated using a different database to reconfirm the impor-
tance of pre-transplant DM. Furthermore, the data about the
control of DM including the insulin-based protocols used for
glycemic control should be also collected in future trials. In
addition, even if pre-transplant DM was associated with an
increased risk of NRM, this does not necessarily mean that
intervention to normalize glucose control, so-called IGC, will
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improve the outcome, as demonstrated in the field of intensive
care.*™*? The value of such interventions should be clarified in
prospective studies in patients who undergo allogeneic HSCT.

In conclusion, pre-transplant DM was a significant and
independent risk factor for NRM, especially infection-related
deaths. To further improve the clinical outcome in patients with
DM, the benefits of strict infection control and appropriate
glycemic control in allogeneic HCT should be explored in future
trials.
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Abstract

Although many single nucleotide polymorphisms (SNPs) have been identified to be associ-
ated with metabolic syndrome (MetS), there was only a slight improvement in the ability to
predict future MetS by the simply addition of SNPs to clinical risk markers. To improve the
ability to predict future MetS, combinational effects, such as SNP—SNP interaction,
SNP—environment interaction, and SNP—clinical parameter (SNP x CP) interaction
should be also considered. We performed a case-control study to explore novel SNP x CP
interactions as risk markers for MetS based on health check-up data of Japanese male em-
ployees. We selected 99 SNPs that were previously reported to be associated with MetS
and components of MetS; subsequently, we genotyped these SNPs from 360 cases and
1983 control subjects. First, we performed logistic regression analyses to assess the asso-
ciation of each SNP with MetS. Of these SNPs, five SNPs were significantly associated with
MetS (P < 0.05): LRP2 rs2544390, rs1800592 between UCPT and TBC1D9, APOA5
rs662799, VWF rs7965413, and rs1411766 between MYO16 and /RS2. Furthermore, we
performed multiple logistic regression analyses, including an SNP term, a CP term, and an
SNP x CP interaction term for each CP and SNP that was significantly associated with
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MetS. We identified a novel SNP x CP interaction between rs7965413 and platelet count
that was significantly associated with MetS [SNP term: odds ratio (OR) = 0.78, P = 0.004
SNP x CP interaction term: OR = 1.33, P = 0.001]. This association of the SNP x CP interac-
tion with MetS remained nominally significant in multiple logistic regression analysis after
adjustment for either the number of MetS components or MetS components excluding obe-
sity. Our results reveal new insight into platelet count as a risk marker for MetS.

Introduction

Metabolic syndrome (MetS) is characterized by a clustering of metabolic abnormalities, includ-
ing central obesity, insulin resistance, dyslipidemia, and hypertension; moreover, it has been
identified as a common precursor to the development of cardiovascular disease (CVD) [1]. The
prevalence of Met§ has been increasing in Japan during recent decades as a result of changes in
diet and physical activity [2]. According to a survey by the Ministry of Health, Labor, and Wel-
fare of Japan in 2007, one out of three males aged 30 to 59 years, who occupy the majority of
Japanese employees, were strongly suspected of having or were likely to develop MetS [3]. Na-
tional health insurers began conducting annual health check-ups of all customers between the
ages of 40-74 in April 2008 [4]. There is an urgent need to find appropriate and sensitive risk
markers to identify individuals at high risk for developing MetS and thereby prevent further in-
crease in its incidence.

To explore risk markers for predicting MetS development, many studies have been per-
formed utilizing health check-up data among different groups of people, such as company em-
ployees [5], people in hospitals [6,7], and members of various communities [8]. In these
studies, many commonly measured clinical parameters (CPs) from routine health check-ups
were reported to be associated with MetS. For example, Tao et al. reported that hematological
parameters, such as white blood cell (WBC) count, low-density lipoprotein (LDL) cholesterol,
and glutamic-pyruvic transaminase (GPT) were associated with MetS based on the health
check-up data of a Beijing adult population [7]. These clinical parameters are expected to be
clinical risk markers for MetS development.

In some studies, several combinations of clinical risk markers have also been explored based
on health check-up data. We have previously shown that the combination of the y-glutamyl
transpeptidase (y-GTP) level and WBC count was the most significant combinatorial risk
marker associated with MetS based on the health check-up data of company employees [5].
We have also proposed the ratio of adiponectin to homeostasis model assessment of insulin re-
sistance (A-H ratio) [8] as a combinational risk marker for MetS development based on com-
munity-based health check-up data. There is, however, a need to identify new combinational
risk markers.

It is also known that genetic factors contribute to the development of MetS and MetS com-
ponents (e.g., central obesity, insulin resistance, dyslipidemia, and hypertension). Recently,
many single nucleotide polymorphisms (SNPs) that are associated with MetS and MetS com-
ponents have been identified through candidate gene studies [9] and genome-wide association
studies (GWAS) [10,11]. Although these SNPs were expected to be genetic risk markers for the
development of MetS and MetS components, there are several problems that need to be re-
solved. First, most of the common variants, such as SNPs, confer relatively small increments in
risk (1.1-1.5-fold) with regard to the development of common diseases, such as MetS and
MetS components, and explain only a small proportion of heritability, which is the portion of
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tionally, there was only slight improvement in the ability to predict future MetS and MetS com-
ponents by the simply addition of SNPs to clinical risk markers. For example, for predicting
future type 2 diabetes, which is one of MetS components, the simply addition of 11 SNPs to
clinical risk markers resulted in a slight increase in the area under the receiver operating-
characteristic curve from 0.74 to 0.75 [13]. To improve the ability to predict future MetS and
MetS components, combinational effects, such as SNP—SNP interaction, SNP—environment
interaction, and SNP—clinical parameter (SNP x CP) interaction, should be also considered.
Recently, some SNP x CP interactions have been reported as risk markers. For example, Man-
ning et al. applied a joint meta-analysis approach to test associations with fasting glycemic
traits and insulin resistance, which is thought to play a prominent role in MetS [14], on

a genome-wide scale. Their results demonstrated that an interaction term between body-mass
index (BMI) and an SNP that is located in an intergenic region between the COBLLI and
identify new SNP x CP interactions as risk markers for MetS development.

In this study, we performed a case-control study to explore novel SNP x CP interactions as
risk markers for MetS based on health check-up data of Japanese male employees. We selected
99 candidate SNPs that were previously reported to be associated with MetS, MetS compo-
nents, and coronary atherosclerosis. Subsequently, we screened SNPs that were significantly as-
sociated with MetS and explored SNP x CP interactions for association with MetS
development. The explored interaction effect demonstrated in this study is expected to be uti-
lized as a risk marker for MetS development. By combining conventional CP and SNP data, we
can estimate the risk of future MetS development.

Materials and Methods
Study subjects

This study is case-control study for MetS, and part of an ongoing cohort, prospective observa-
tional study of MetS and chronic kidney disease (CKD). This original study has been following
33776 participants who underwent annual health check-ups for Toyota Motor Co., Ltd in both
2001 and 2009. Of these volunteers, 360 case subjects and 1983 control subjects who satisfied
the definitions of cases or controls and attended health check-ups in 2011 or 2012 were ran-
domly enrolled. Health check-up data were collected in 2001 and 2009, and DNA samples
were obtained from case and control subjects in 2011 or 2012. This study was performed ac-
cording to the guidelines of the Declaration of Helsinki. The study protocol was approved by
Human Genome, Gene Analysis Research Ethics Committee of Nagoya University School of
Medicine, and all participants provided written informed consent.

Definitions of cases and controls

This study is a case-control study, and subjects who satisfied the definitions of cases or controls
and attended health check-ups in 2011 or 2012 were randomly enrolled for this study. Health
check-up data were collected in 2001 and 2009, and case / control groups were defined post hoc
in 2009, while individuals meeting the criteria for MetS in 2001 were excluded. We used the crite-
ria proposed by the Examination Committee of Criteria for the Metabolic Syndrome in Japan
[16] to identify case and control subjects: 1) obesity, waist circumference > 85 cm in 2009 or
BMI > 25 kg/m” in 2001; 2) raised blood pressure, systolic blood pressure (SBP) > 130 mmHg
and/or diastolic blood pressure (DBP) > 85 mmHg; 3) dyslipidemia, triglyceride > 150 mg/dL
and/or high-density lipoprotein (HDL)-cholesterol < 40 mg/dL; and 4) raised fasting blood
sugar (FBS), FBS > 110 mg/dL. Subjects were diagnosed with MetS if they were obese and
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showed any two of the other three criteria. Otherwise, subjects were classified as non-MetS.
Then, we defined cases and controls according to the following criteria: cases, subjects who were
classified as non-MetS in 2001 and were classified as Met$ in 2009; controls, subjects who were
classified as non-MetS in both 2001 and 2009.

Measurements of CPs

The health examinations performed in 2001 and 2009 included physical measurements and
serum biochemical measurements. Physical measurements of height, weight, and BMI were mea-
sured in the fasting state. Waist circumference was only measured in 2009. SBP and DBP were
measured in the sitting position. Blood samples were obtained from subjects who had fasted for
serum biochemical measurements. After the subject had rested for 10 min in the sitting position,
14 mL of blood was collected from the antecubital vein into tubes containing ethylenediaminetet-
raacetic acid (EDTA). After blood samples were sent to a clinical laboratory testing company,
biochemical measurements were determined according to standard laboratory procedures. The
study included the biochemical measurements of the following: (1) lipids: total cholesterol, tri-
glyceride, and HDL-cholesterol; (2) carbohydrates: FBS; (3) hematology: red blood cell (RBC)
count, white blood cell (WBC) count, hemoglobin (Hb), and platelet (PLT) count; (4) non-
protein nitrogenous compounds: uric acid (UA); and (5) serum enzymes: aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and y-glutamy! transpeptidase (y-GTP).

Selection of SNPs

Using public databases, such as PubMed and Online Mendelian Inheritance in Man, we select-
ed 99 candidate SNPs that have been characterized and are associated with coronary athero-
sclerosis or vasospasm, obesity, hypertension, dyslipidemia, diabetes mellitus, hyperuricemia,
or renal disease based on a comprehensive overview of vascular biology, coagulation and fibri-
nolysis cascades, platelet and leukocyte biology, as well as lipid and glucose metabolism and
other metabolic factors (51 Table).

Genotyping SNPs

All SNPs were genotyped using the DigiTag2 assay [17] as previously described. Briefly, target
fragments (including target SNP sites) are prepared by multiplex PCR from genomic DNA.

A multiplexed oligonucleotide ligation assay was performed, and a labeling reaction was achieved
with two 5" query probes and one common probe prepared for a single SNP site. The 5’ query
probes had a sequence complementary to the 5'-flanking region of the target SNP, and each of
the probes had an allele-specific sequence. Two types of end digit (ED), CCGTGTCCACTCTA-
GAAAAACCT and ACCACCGCTTGAATACAAAACAT, were attached to each of the

5" query probes. The 3" query probes had a sequence complementary to the 3’-flanking region of
the target SNP, and each of the probes had a first digit (D1) on its 3’ end. Next, a hybridization
reaction with D1 probes on a DNA microarray (NGK Insulators, Ltd, Nagoya, Japan) was per-
formed with separated areas. The genotyping success rate was > 99.8%. SNP rs1862513 was ex-
cluded from analysis because there was evidence of departure from the Hardy-Weinberg
equilibrium (P < 0.05). Consequently, 98 SNPs remained for analysis. Primers, probe sequences,
and PCR conditions for genotyping are shown in $2 Table and §3 Table.

Study design

This study is a case-control study based on a prospective cohort data. The aim of this study is to
identify interactions between SNPs and CPs from the 2001 data that successfully predicted MetS
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that was diagnosed in 2009. The explored interaction effect is expected to be utilized as a risk
marker for MetS development. From the combined data of conventional CPs from 2001 and the
SNPs, the risk of MetS development by 2009 could be estimated for each subject. To reduce
false-positive interactions, we applied a two-step approach. We initially performed a screening
analysis using the 98 SNPs. In this screening analysis, the cutoff P value was defined as less than
0.05 for logistic-regression analysis with adjustment for age. From the screening study, we select-
ed five SNPs that were significantly associated with MetS. We then performed an interaction
analysis to assess interactions between the five SNPs and 15 CPs that were measured in 2001 for
predicting MetS that was diagnosed in 2009, including BMI, SBP, DBP, total cholesterol, HDL-
cholesterol, triglyceride, FBS, RBC, WBC, Hb, PLT, UA, AST, ALT, and y-GTP.

Statistical analysis

The Hardy-Weinberg equilibrium was assessed using the Fisher’s exact test. Simple comparison
of characteristics between case and control groups was carried out using the Mann—Whitney
U test, Fisher’s exact test, and Student’s t-test. In the screening analysis, the associations between
each SNP and MetS diagnosed in 2009 were assessed using logistic regression analysis with ad-
justment for age. We coded genotypes as 0, 1, or 2, depending on the number of copies of the
minor alleles, for the multiple logistic regression analysis. In the interaction analysis, multiple lo-
gistic regression analyses, including an SNP term, a CP term, and an SNP x CP interaction term
were performed for each combination of 15 clinical parameters and five SNPs that were statisti-
cally significant in the screening analysis. In the interaction analysis, the logistic regression mod-
els were fit as:
log <‘i‘%g‘“> = By + Bage X Age + Bowp X Xoup + Bep X Zep F Prateracion X (Xsnp — Hsp) X Zcp
case
Modell

= Py + Bage X Age + Boxp X Xonp + Bep X Zep + Prnteraction X (Xonp — Hsup) X Zgp + By

X NMets

()

=B+ ﬁAge x Age + B X Xoxp + Bep X Zep + Braseraction X Ksnp = tonp) X Zep + By

Metsex
X N Metsex

Model2

Model3

where P, is the probability that the subject is affected by MetS. xgyp is the genotype coded as

0, 1, or 2 for each SNP. pgnp is the mean value of xgyp for each SNP. zcp is standardized value of
each clinical parameter value. Ny is the number of MetS components. Nyess. is the number of
ly associated with MetS. Models 2 and 3 were used to assess that the interaction was independent
of the contribution of MetS components to MetS. Given that the distributions of HDL-cholesterol,
triglyceride, RBC, WBC, Hb, PLT, UA, AST, ALT, and y-GTP levels were skewed, these clinical
parameter values were logarithmically transformed. To reduce the multi-collinearity, we centered
genotypes for each SNP, xsnp, by subtracting the mean value from each genotype value, pignp, and
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Table 1. Characteristics of the study subjects for age and clinical parameters.

Characteristic

Case (n = 360 males)

In 2001

Control (n = 1983 males)

P value (case vs control)

In 2009

In 2009 In 2001 In 2009 In 2001
Age (years) 42 (37, 46) 50 (45, 54) 41 (33, 45) 49 (41, 53) 1.93 x107° 1.93 x107°
BMI (kg/m?) 24,6 (23.1, 26,5) - 21.6 (20.0, 23.3) - 1,28 x10778 -
Waist circumference (cm) - 90.0 (87.0, 95.0) - 79.0 (74.0, 83.0) - 1.99 x107'%0
SBP (mmHg) 123 (114, 130) 133.5 (129, 138) 114 (107, 122) 116 (107, 123) 4,84 %107 2.64 x1071
DBP(mmHg) 79 (72, 84) 86 (80, 89) 71 (65, 77) 73 (66, 78) 1,33 x107% 2.60 x107%
Total cholesterol (mg/dL) 205 (183, 229) 221 (196, 247) 184 (163, 208) 200 (180, 222) 217 x107%° 9.43 10724
HDL-cholesterol (mg/dL) 54 (45, 63) 49 (42, 58) 63 (54, 74) 60 (51, 71) 9.90 x107%° 2.34 x107%
Triglyceride (mg/dL) 130 (92, 195) 185 (154, 238) 76 (56, 107) 81 (59, 114) 2.00 x107%° 3.74 x107'2®
FBS (mg/dL) 95 (89, 102) 101 (91, 115) 90 (85, 96) 90 (85, 96) 9.79 x107%? 7.72 x107%2
RBC (x10%/uL) 491 (468, 513.3) 489 (465.8, 513) 476 (455, 499) 468 (446, 491) 4.86 x107'* 2.70 x107%?
WBC (x10%pL) 7.0 (5.8, 8.2) 6.4 (5.5,7.7) 6.0 (5.1,7.2) 5.5 (4.7, 6.6) 2.42 x107'® 1.59 x1072%
Hb (g/dL) 155 (15.0, 16.2) 15.6 (14.9, 16.1) 15.1 (14.6, 15.7) 15 (14.3, 15.5) 5.44 x107'® 1.21 x1072°
PLT (x10%/uL) 25.0 (21.9, 28.9) 24.4 (21.0, 28.5) 23.6 (20.7, 27.1) 22.9 (20.0, 26.4) 2.02 x107° 1.25 x1077
UA (mg/dL) 6.3(5.5,7.2) 6.3 (5.5, 7.3) 5.8 (5.1, 6.5) 5.8 (5.0, 6.5) 1.92 x107** 3.11 x107'®
AST (IUL) 23 (19, 28) 24 (20, 31) 20 (17, 24) 20 (17, 23) 3.56 x107"? 1.58 x107*
ALT (IUL) 28 (20.8, 39) 31 (22, 47) 20 (15, 27) 18 (14, 25) 571 x107% 3.70 x107¢2
y-GTP (IU/L) 42,5 (28, 69) 53 (35, 87) 26 (18, 42) 28 (20, 44) 1.05 x107%° 2.40 x107%"

Values are medians (1st quartile, 3rd quartile). The abbreviations of the characteristics: BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FBS, fasting blood sugar; RBC, red blood cell; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; UA, uric acid; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, gamma-glutamy! transpeptidase.

doi:10.1371/journal.pone.0117591.t001

standardized CP values to zcp [18]. We transformed PLT count into a dichotomous value, based
on median value of PLT count across all subjects (equal to 23.8x10"/uL): 1, equal to or greater
than 23.8x10"/uL; and 0, less than 23.8x10"/uL. We compared the risk of MetS with regard to

a combination of 1s7965413 and dichotomous PLT count in an age-adjusted logistic regression
model using the group with the CC genotype of 157965413 and PLT count of < 23.8x10"/uL as

a reference group. Linear regression analysis with adjustment for age was performed to assess the
association of rs7965413 with PLT count in each case and control group. The heterogeneity of the
regression coefficient between case and control groups was tested by the %>-based Cochrane’s

Q statistic. Statistical analysis was performed using R (www.r-project.org), PLINK [19], and
METAL [20] softwares. In the interaction analysis, the significance level o was determined by di-
viding 0.05 by the number of CPs for Bonferroni correction (o = 0.05 / 15 = 0.0033). Otherwise,
P < 0.05 was considered statistically significant.

Results
Characteristics of subjects

The characteristics of the study subjects in 2001 and 2009 are shown in Tables 1 and 2. There
were significant differences among all characteristics between case and control groups in both
2001 and 2009. Of these characteristics, the number of MetS components and MetS compo-
nents excluding obesity were the most significantly different between case and control groups
in both 2001 and 2009.
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Table 2. Characteristics of the study subjects for MetS components.

Characteristic Case (n = 360 males) Control (n = 1983 males) P value (case vs control)

In 2001 In 2009 In 2001 In 2009 In 2001 In 2009
MetS component
Obesity, n (%) 157 (43.6) 360 (100) 188 (9.5) 239 (12.1) 4.61 x107%° < 1.00 x1072°
Raised blood pressure, n (%) 128 (35.6) 326 (90.6) 236 (11.9) 264 (13.3) 3.12 x107% 3.30 x107'8°
Raised FBS, n (%) 33(9.2) 131 (36.4) 45 (2.3) 58 (2.9) 5.35 x107° 7.60 x107""
Dyslipidemia, n (%) 151 (41.9) 306 (85.0) 192 (9.7) 197 (9.9) 217 x107% 3.45 x107'%8
Number of MetS components 1.3£0.8 3.1+0.3 0.3£0.6 04+07 4.10 x1071%0 < 1.00 x1072%0
Number of MetS components excluding obesity 0907 21£0.3 02+£05 0.3+05 510 x107% < 1.00 x1072%°

Categorical data are n values (%). The numbers of MetS components are mean + SD.

doi:10.1371/journal.pone.0117591.t002

Screening analysis

We initially assessed the association between MetS diagnosed in 2009 and 98 genotyped SNPs.
Five out of 98 SNPs were found to be significantly associated with MetS (Table 3 and 54 Table),
with VWF rs7965413 among those with the lowest P value [OR = 0.81, 95% confidence interval
(CI) = 0.69-0.96; P =0.012].

Interaction analysis

Based on the results of the screening analysis, we focused on the five SNPs listed in Tabie 3 for
further analysis. To explore SNP x CP interactions for MetS, we performed multiple logistic re-
gression analyses including an SNP term, a CP term, and an SNP x CP interaction term. MetS
was found to be significantly associated with an interaction between VWF rs7965413 and PLT
in Model | (Table 4 and §5 Table). Furthermore, this association of the SNP x CP interaction

Table 3. Five SNPs that were nominally significantly associated with MetS in the screening study.

SNP Chr Position Near genes Minor/major HWE P value N MAF Logistic regression
(GRCh37) alleles analysis

Case Control Case Control OR (95%Cl) P value

rs2544390 2 170,204,846 LRP2 cIT 0.231 360 1983 0450 0498  0.84(0.71— = 0.027
0.98)

51800592 4 141,493,961 UCP1, G/A 0.772 360 1982 0456 0502  0.83(0.70-  0.022
TBC1D9 0.97)

rs662799 11 116,663,707 APOA5 G/A 0515 360 1983  0.368 0.327  1.21(1.03-  0.023
, 1.43)

rs7965413 12 6,234,889 VWF T/C 0.770 360 1980 0400 0452  0.81(0.69-  0.012
0.96)

rs1411766 13 110,252,160 MYO16,IRS2 T/C 0515 360 1982 0131 0102  1.31(1.03-  0.030
1.67)

HWE, Hardy Weinberg equilibrium; MAF, minor allele frequency; OR, odds ratio; Cl, confidence interval.
HWE P values were calculated by Fisher's exact test.

OR and P values were calculated by multiple logistic regression analysis with adjustment for age.

OR value represents increased risk of MetS per minor allele copy in each SNP.

doi:10.1371/journal.pone.0117591.t003

PLOS ONE | DOI:10.1371/journal.pone.0117591 February 3, 2015 7/14

-251-



©'PLOS |on

VWF SNP and PLT as a Risk Marker for MetS

Table 4. Significant interaction effect between SNP rs7965413 and CP PLT in 2001 for MetS.

Model term Model 1 Model 2 Model 3

OR (95%CH) P value OR (95%ClI) P value OR (95%Cl) P vaiue
SNP 0,78 (0.66-0.92) 0.004* 0.84 (0.70-1.02) 0.076 0.82 (0.68-0.98) 0.033
cpP 1.35 (1.20-1.52) 1.17x107%! 1.26 (1.10-1.44) 8.22x10™ 1.31 (1.15-1.49) 4.14x1075t
Interaction ~ 1.33(1.12-1.58) 0.001" . 132(1.08-160) 0006  185(1.12-163) 0002'

PLT, platelet; OR, odds ratio.

OR value for SNP term represents increased risk of MetS per minor allele T copy in rs7965413.
OR value for CP term represents increased risk of MetS per one standard deviation (SD) change in logso(PLT).
OR value for interaction term represents increased risk of MetS per one SD change in log,o(PLT) x minor allele T copy in rs7965413.

*P < 0.05.
1P < 0.0033 (= 0.05/15)

doi:10.1371/journal.pone.0117591.t004

with MetS remained nominally significant in multiple logistic regression analysis after adjust-
ment for the number of MetS components in Model 2 and significant after adjustment for the
number of MetS components excluding obesity in Model 3 (Table 4).

Furthermore, we transformed PLT count into a dichotomous value based on the median
value of platelet count across all subjects, which was equal to 23.8x10"/uL and assessed an in-
teraction effect between SNP rs7965413 and dichotomous PLT for MetS (Fig. 1). Multiple lo-
gistic regression analysis showed a significant interaction between SNP and dichotomous PLT
for MetS (OR = 1.52, 95% CI = 1.09-2.12; P = 0.014). Among rs7965413 genotypes, OR was
unchanged in subjects with PLT count > 23.8x10"/uL, which is the median value of PLT count
in the study participants. On the other hand, in subjects with PLT count < 23.8x10"/uL, OR

decreased as the number of minor allele T increased.

10.00 -
4 PLT 223.8x104uL
2 * PLT <23.8x10%pL
®
o
T
o
5]
g 1.00 A
] ]
3
T x
!? °
@D
o
<
0.10
Genotype: cC cT TT
n © 348/378 5721576 23317232

Genotype

Fig 1. Age-adjusted ORs for MetS in platelet > 23.8x10*/uL and < 23.8x10%uL with different rs7965413
genotypes The vertical bars represent the 95% Cls. The horizontal dashed line indicates the null value
(odds ratio (OR) = 1.0). OR represents risk of MetS development in the group with each genotype of
rs7965413 and each dichotomous platelet count compared with the group with the CC genotype and PLT
count of < 23.8x10%uL. *: P < 0.05.

doi:10.1371/journal.pone.0117591.g001
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Table 5. Associations of rs7965413 with PLT count in 2001.

Group N Linear regression analysis Heterogeneity

B£SE P value P P value
Case 360 0.19+0.08 0.013* 90.2 0.001*
Control 1980 -0.07 £ 0.03 0.021*

PLT, platelet; 8, partial regression coefficient; SE, standard error.

B value represents standard deviation change in standardized logo(PLT) per minor allele T change in
rs7965413.

Multiple linear regression analysis was performed with adjustment for age.

*P < 0.05

doi:10.1371/journal.pone 0117591 1005

VWF rs7965413 and PLT count

Finally, we assessed the association of rs7965413 with PLT count in each group of cases and
controls. In the case group, the minor allele T of rs7965413 was significantly positively associat-
ed with PLT. In the control group, the minor allele T was significantly negatively associated
with PLT (Table 5). There was significant heterogeneity between case and control groups

(I =90.2; P = 0.001).

Discussion

We performed a case-control study of MetS based on the health check-up data of Japanese
male employees and found significant associations of five SNPs with MetS, including LRP2
rs2544390, rs1800592 between UCPI and TBCID9Y, APOA5 rs662799, VWF rs7965413, and
rs1411766 between MYO16 and IRS2. Furthermore, we identified a novel SNP x CP interaction
for MetS, which was the interaction between VWF rs7965413 and platelet count. These SNPs
and associated interaction are expected to be useful as risk markers for MetS development.

As shown in Tables | and 2, all characteristics, including CPs directly related to MetS, such
as BMI, blood pressures, and cholesterols, as well as characteristics indirectly related to MetS,
significantly differed between case and control groups. Of the CPs not directly related to MetS,
levels of erythrocyte parameters, including RBC count, WBC count, hemoglobin, and PLT
count in the case group were significantly higher than those in the control group. Several cross-
sectional and longitudinal cohort studies have demonstrated that elevated erythrocyte parame-
ters were associated with MetS [6,7,21]. Furthermore, Taniguchi et al., in their study on non-
obese Japanese type 2 diabetes patients, found platelet count to be an independent predictor of

VWF rs7965413 is located in the promoter region of the VWF gene. The VWF gene encodes
von Willebrand factor (VWF). vWF promotes platelet adhesion and aggregation at sites of vas-
cular injury, so it plays a prominent role in the formation of arterial thrombus [23]. Mutations
in the VWF gene cause von Willebrand disease because of deficiency of vWEF. It was also re-
ported that vVWF was associated with insulin level and insulin resistance [24]. For example, in

a cross-sectional study, Meigs et al. reported that vVWF antigen (VWF:Ag) level in men signifi-
with homeostasis model assessment—insulin resistance, which is an index of insulin resistance,
and MetS [26]. Thus, an association between vWF plasma levels and CVD is expected and has
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