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Abstract

Background: While short-term perioperative outcomes have been well studied in Western surgical populations, the
aim of this study is to look at the one-year perioperative mortality and its associated factors in an Asian surgical
population after non-cardiac surgery.

Methods: A retrospective cohort study of 2163 patients aged above 45 undergoing non-cardiac surgery in a
university-affiliated tertiary hospital from January to July 2015 was performed. Relevant demographic, clinical and
surgical data were analysed to elicit their relationship to mortality at one year after surgery. A univariate analysis
was first performed to identify significant variables with p-values < 0.2, which were then analysed using Firth
multiple logistic regression to calculate the adjusted odds ratio.

Results: The one-year mortality in our surgical population was 5.9%. The significant factors that increased one-year
mortality include smoking (adjusted OR 2.17 (1.02-4.45), p = 0.044), anaemia (adjusted OR 1.32 (1.16-1.47), p < 0.001,
for every 1 g/dL drop in haemoglobin level), lower BMI (adjusted OR 0.93 (0.87-0.98), p = 0.005, for every 1 point
increase in BMI), Malay and Indian ethnicity (adjusted OR 2.68 (1.53-4.65), p = 0.001), peripheral vascular disease
(adjusted OR 4.21 (1.62-10.38), p = 0.004), advanced age (adjusted OR 1.04 (1.01-1.06), p = 0.004, for every one year
increase in age), emergency surgery (adjusted OR 2.26 (1.29-3.15), p =0.005) and malignancy (adjusted OR 3.20
(1.85-5.52), p < 0.001).

Conclusions: Our study shows that modifiable risk factors such as malnutrition, anaemia and smoking which affect
short term mortality extend beyond the immediate perioperative period into longer term outcomes. Identification
and optimization of this subset of patients are therefore vital. Further similar large studies should be done to
develop a risk scoring system for post-operative long-term outcomes. This would aid clinicians in risk stratification,
counselling and surgical planning, which will help in patients’ decision making and care planning.
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Background

More than 200 million adults undergo non-cardiac sur-
geries every year [1]. With recent advancements in
medicine, older patients with potentially higher burdens
of heart disease and other comorbidities are surviving
longer and go on to develop conditions that require sur-
gical intervention. The shift in practice to offer surgical
intervention for increasingly complex and older patients
may potentially increase perioperative mortality rates in
spite of advances in surgical methods.

There are many studies that look into 30-day periopera-
tive outcomes including all-cause mortality, but while 30-
day perioperative mortality is undeniably an important
marker for immediate surgical complications and may
guide postoperative resource allocation, longer term sur-
vival may ultimately be more meaningful to patients and
may have more relevance when quoting risks to patients
and their family members, allowing patients to make more
informed decisions regarding their care and treatment.

One-year perioperative mortality has been reported to
be up to 6-8% in non-cardiac surgery and [1, 2] pre-
operative chronic heart and lung disease have predict-
ably been shown to increase one-year perioperative
mortality in patients undergoing cardiac surgery [3].
However, there is a paucity of studies investigating fac-
tors associated with the longer-term mortality among
non-cardiac surgical patients. Furthermore, most large
studies have been done on Western populations, limiting
applicability to Asian populations like ours which have
different genetic characteristics, possibly resulting in dif-
fering risk factors and mortality rates [4].

Hence, the aim of this study is to look at factors asso-
ciated with increased one-year mortality after non-
cardiac surgery enabling us to identify high risk groups
of patients, which would allow effective patient selection,
risk stratification, appropriate patient counselling, surgi-
cal planning and preoperative optimization.

Methods

Following ethics committee approval from the Institu-
tional Review Board (National Healthcare Group Do-
main Specific Review Board reference: 2016/01273), a
retrospective cohort study of 2300 patients aged 45 years
old and above undergoing non-cardiac surgery from
January 2015 to July 2015 was performed in a university-
affiliated tertiary hospital.

Patients undergoing surgery were identified through op-
erating theatre audit records which capture >90% of pa-
tients undergoing any form of surgery. Members of the
research team used International Classification of Diseases
coding and manually reviewed each patient’s electronic
medical records to obtain relevant information pertaining
to their baseline characteristics, co-morbidities and nature
of surgery.
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The inclusion criteria included patients 45 years old
and above undergoing intermediate or high-risk non-
cardiac surgery, defined as surgery requiring at least 23 h
stay in hospital. Patients undergoing multiple surgeries
had only the index surgery considered, with their subse-
quent surgeries excluded from the analysis, resulting in a
total of 2163 patient encounters analysed.

Relevant demographic, clinical and surgical data were
analysed to elicit their relationship to mortality at one
year after surgery. The presence or absence of patient
comorbidities were considered positive if they were
known to be present at the time of surgery as indicated
by anaesthetic records. These records are routinely ob-
tained by direct patient questioning as well as by search-
ing electronic hospital records. Laboratory investigations
were analysed if they were performed within six months
prior to surgery with no change in patient’s medical sta-
tus in between. If there were more than one of the same
investigation performed in the same patient, the one
done closest to the time of surgery was used for analysis.
All perioperative factors studied are shown in Appendix
Table 4. Death was determined using electronic medical
records that is linked to our national health registry.
This registry includes information from all primary
healthcare services and hospitals in Singapore. If the pa-
tient has deceased, this would be indicated on the rec-
ord, including the date of death. Proof that a patient was
alive was confirmed by searching for evidence of any
subsequent healthcare visits, prescriptions, laboratory
and radiological investigations within the time period.

All statistical analyses were done using IBM SPSS ver-
sion 25.0 (Armonk, NY, USA) and R version 3.4.4. This
manuscript adheres to the applicable STROBE guidelines.

To find significant perioperative variables to account for
mortality, a univariate analysis was first performed. Cat-
egorical data were analysed using the chi-squared test and
continuous data were analysed using the 2-sample t test.
Significant variables were identified as those having a p-
value of < 0.2, which were then analysed using Firth multi-
variate logistic regression to calculate the adjusted odds
ratio. These variables included age, ethnicity, ASA, gender,
BMI, emergency surgery, John Hopkin’s classification, type
of anaesthesia, duration of surgery, haemoglobin level,
glomerular filtration rate, urea level, and presence of the
following — congestive cardiac failure, ischaemic heart dis-
ease, valvular heart disease, peripheral vascular disease,
other cardiovascular disease, smoking, respiratory disease,
previous stroke or transient ischaemic attack, endocrine
disease, liver disease, haematological or coagulation disor-
ders, malignancy. Continuous variables such as BMI and
haemoglobin level were also analysed categorically, based
on the World Health Organisation’s severity classification.
Significant factors were identified as those having a p-
value of < 0.05.
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Results
Patient demographics and surgical characteristics are
shown in Tables 1 and 2 respectively. A total of 2163 pa-
tients were studied. Patients with missing data were ex-
cluded in the multivariate analysis, resulting in the
analysis being performed on 2138 patients. The popula-
tion consisted of 53.4% male. 70.5% of patients were of
Chinese ethnicity, 19% were Malays, 8.2% were Indians,
which closely reflects the ethnic distribution in Singapore
[5]. Majority of the population were ASA 2 (47.4%) and 3
(44.3%), and 28.3% underwent emergency surgery. There
was a wide range of surgeries across different disciplines
and most (> 80%) were done under general anaesthesia.
The one-year mortality in our surgical population was
5.9% (n =127). All factors studied are shown in Table 4,
found in the Appendix. The significant factors that in-
creased one-year mortality are shown in Table 3.

Table 1 Table showing demographics of patient population

studied
Death within 1 | Alive within 1
Number | Percentage year year
Patient Demographics
of patients (%) p peratively | p peratively
(n, %) (n, %)
Age 45-49 187 8.6 2(1.1) 185 (98.9)
50-54 285 13.2 17 (6.0) 268 (94.0)
55-59 314 145 18 (5.7) 296 (94.3)
60-64 426 19.7 17 (4.0) 409 (96.0)
65-69 351 162 25(7.1) 326 (92.9)
70-74 218 10.1 19 (8.7) 199 (91.3)
75-79 187 8.6 26 (13.9) 161 (86.1)
80-84 100 4.6 14 (14) 86 (86)
85-89 53 25 7(132) 46 (86.8)
>90 42 1.9 5(11.9) 37(88.1)
Gender Male 1155 53.4 100 (8.7) 1055 (91.3)
Female 1008 46.6 51(5.1) 957 (94.9)
BMI <185 139 6.6 30 (21.6) 109 (78.4)
18.5-22.9 567 27.1 65(11.5) 502 (88.5)
23-274 780 372 18 (2.3) 762 (97.7)
>27.5 610 29.1 22(3.6) 588 (96.4)
Ethnicity Chinese 1524 70.5 100 (6.6) 1424 (93.4)
Malay 411 19.0 31(7.5) 380 (92.5)
Indian 178 82 18 (10.1) 160 (89.9)
Others 50 23 3(6) 47 (94)
ASA ASA 1 23 12 0(0) 23 (100)
ASA 2 933 474 29(3.1) 904 (96.9)
ASA 3 866 44.0 77 (8.9) 788 (91.1)
ASA 4 145 74 34(23.4) 111 (76.6)
ASA5 1 0.1 0(0) 1(100)
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The significant factors that increased one-year mortality
include smoking (adjusted OR 2.17 (1.02-4.45), p =
0.044), anaemia which was analysed both continually (ad-
justed OR 1.32 (1.16-147), p <0.001, for every 1g/dL
drop in haemoglobin level), as well as categorically (ad-
justed OR for moderate anaemia 4.05 (1.16-1.47), p <
0.001; adjusted OR for severe anaemia 9.20 (3.05-27.71),
p <0.001)), lower BMI which was analysed both continu-
ally (adjusted OR 0.93 (0.87-0.98), p = 0.005, for every 1
point increase in BMI), as well as categorically (adjusted
OR 3.15 (1.62-6.12), p =0.002), Malay and Indian ethni-
city (adjusted OR 2.68 (1.53-4.65), p = 0.001), peripheral
vascular disease (adjusted OR 4.21 (1.62-10.38), p =
0.004), advanced age (adjusted OR 1.04 (1.01-1.06), p =
0.004 for every one year increase in age), emergency sur-
gery (adjusted OR 2.26 (1.29-3.15), p = 0.005) and malig-
nancy (adjusted OR 3.20 (1.85-5.52), p < 0.001).

Discussion

The one-year postoperative mortality in our study popu-
lation is comparable to the rates published in most inter-
national studies [1, 2]. The factors that have been shown
to have a significant impact on one-year mortality rates
are outlined below.

Anaemia
The effect of anaemia on 30-day and in-hospital mortal-
ity has been extensively studied. A large retrospective
study involving 39,309 patients in the United Kingdom
found that the prevalence of anaemia was 31.1% in males
and 26.5% in females and that patients with preoperative
anaemia had a higher in-hospital mortality compared
with patients without anaemia [6]. Similar large studies
highlighting the detrimental effects of preoperative
anaemia on perioperative outcomes have led to the de-
velopment of guidelines for perioperative management
of anaemia [7]. Our study has shown that anaemia,
particularly moderate and severe anaemia, not only
affects short-term mortality after surgery but extends to
one-year mortality as well, further emphasizing the
importance of management of anaemia perioperatively
especially given its high prevalence and modifiability.

We suggest that a multimodal, multidisciplinary
blood management program should be implemented
in which all surgical patients should be evaluated as
early as possible to optimize patient haemoglobin and
iron stores and that elective surgeries should be
scheduled in a way that allows for such optimization.
Further studies should be done to ascertain whether
it is anaemia alone or any resultant transfusion that
increases adverse outcomes [8].

Transfusion has its risks including transfusion reac-
tions, infections and metabolic complications. Hence,
the decision to transfuse should be considered in a
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Table 2 Table showing surgical characteristics of the population

studied
Death within | Alive within 1
Number
Percentage 1 year year
Surgical characteristics of
(%) postoperative | postoperative
patients
ly (n, %) ly (n, %)
Elective vs
Emergency 612 283 73(11.9) 539 (88.1)
Emergency
Elective 1549 717 78 (5.0) 1471 (95.0)
General
Surgery,
Surgical
Urology, 864 40.0 62(7.2) 802 (92.8)
discipline
Obstetrics &
Gynaecology
Orthopaedics 748 34.6 32(4.3) 716 (95.7)
Neurosurgery 133 6.1 27 (20.3) 106 (79.7)
Ophthalmolog 191 8.8 11 (5.8) 180 (94.2)
Y
Otolaryngolog
y
Thoracic,
169 7.8 14 (8.3) 155 (91.7)
Vascular
Others 58 7.1 6(10.3) 52(89.7)
Type of General
1720 85.1 116 (6.7) 1604 (93.3)
Anaesthesia | Anaesthesia
General
Anaesthesia
with Central 23 1.1 3(13.0) 20 (87.0)
Neuraxial
Block
Regional
180 8.9 13(7.2) 167 (92.8)
Anaesthesia
Monitored
Anaesthesia 98 4.8 7(7.1) 91(92.9)
Care
John
Hopkins
Surgical 1 603 28.1 31(5.1) 572 (94.9)
Severity
Criteria
2 1070 49.9 72(6.7) 998 (93.3)
3 473 22.0 45(9.5) 428 (90.5)
Duration of
Less than 2h 1018 52.9 62(6.1) 956 (93.9)
Surgery
2-4h 659 343 45 (6.8) 614 (93.2)
More than 4h 247 128 23(9.3) 224(90.7)
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case to case basis taking into the account the patient’s
comorbidities, ongoing bleeding and clinical stability.
Many guidelines have since been developed recom-
mending transfusion thresholds in different clinical
scenarios [7].

Malignancy

Patients with known malignancies comprise a signifi-
cant proportion of our study population (16.1%) and
were expectedly shown to have an increased one-year
mortality rate. This is a reminder of the impact of
the systemic impact of progression of cancer and its
treatment on frailty, anaemia, immunosuppression and
cardiac depression.

There has been increasing interest in the effect on
intraoperative anaesthetic technique and drug choices
on long-term outcomes in cancer patients due to in-
teractions with the cellular immune system. Preclin-
ical and clinical studies suggest that anaesthetics and
adjuvants such as opioids and nitrous oxide given in
the perioperative period can affect cancer recurrence
and survival, perhaps tipping the balance in some in-
stances to determine if cancer progresses or regresses
[9] and some retrospective studies have hinted that
regional anaesthesia can play a protective role in can-
cer surgery [10].

We suggest that the benefits and risks of non-cancer
surgery in patients with cancer would need to be suffi-
ciently weighed and discussed extensively. The potential
impact of anaesthesia modality and drugs used should
be considered when offering surgical intervention to
such patients. However, we await larger randomized
controlled prospective trials examining the impact of
these relationships [10].

Smoking
Our study validates other small studies that have shown
smoking to be an independent risk factor that increases
both 30-day and one-year postoperative mortality [11,
12]. International protocols recommend that abstinence
from smoking for at least four to eight weeks preopera-
tively is required for maximal benefit [13-15]. A
systematic review with 1194 patients concluded that
benefit is seen when intensive smoking cessation inter-
ventions in the form of individual counselling and
nicotine replacement therapy are applied to patients at
least four weeks before surgery and that there is a
significant reduction of 30-day postoperative complica-
tions including wound healing, respiratory, cardiovascu-
lar, urological and other complications requiring
treatment [15].

Smaller studies have also shown that interventions
are effective in changing smoking behaviour and
promoting abstinence postoperatively [16, 17]. A



Liew et al. BMC Surgery (2020) 20:11 Page 5 of 8

Table 3 Table showing significant variables associated with 1- Cochrane review concluded that perioperative smok-
year mortality in both univariate and multivariate regression ing cessation was most effective using an intensive
models intervention program which involved counselling for
Univariate analysis Multivariable analysis four to eight weeks [14]. This suggests that smoking
: . Adjusted cessation should ideally be initiated in surgical clinics
Y Odd e odds ratio the moment elective surgery is proposed in order to
(Conflence ] palte | Confdence e minimize perioperative adverse outcomes as well as to
e interval) use preparation for surgery as an opportune moment
104 104 to institute positive long-term changes in smoking
Ase (1.02-1.06) oot (1.01-1.06) oo behaviour.
Malay, Indian, minor 1.81 2.68
0.012 0.001
ethic groups (1.13-2.84) (1.53-4.65) Body mass index (BMI)
i s cimiiy e Interestingly, our results show that a higher BMI is
Body Massindex” 03874 0003 093 0005 protective for one-year mortality in our surgical popu-
(083-0.92) (0.87-0.98) lation. A meta-analysis done among 30,000 gastric
Body Mass index (WHO cancer patients which showed that although patients
classification), Normal Reference with higher BMIs had longer operation times, in-
BMI (18.5- 24.9) creased blood loss and more infective complications,
Body Mass index, 2.99 0.00 315 0.001 higher BMI had no long term impact on post-
Underweight (<18.5) (1.88-4.76) (1.62:6.12) operative mortality and long term survival [18]. This is
Body Mass index, 034 046 consistent with two meta-analyses which looked into
Overweight (>25) 022:0.52) o (0.250.85) o survival amongst the critically ill that showed being
Body Mass index (Asian overweight conferred a survival advantage [19, 20]. It
classification), Normal Reference has been postulated that increased adipose tissue is as-
BMI (185 22.9) sociated with increased inflammatory mediators, such
Body Mass indor, 505 a1 as leptin and interleukin-10, that may attenuate the in-
Underwelght (<185) | (120:3.37) 0003 (112:438) 0023 flammatory response and thus potentially improve sur-
Body Miass index, 03 o3 vival [21]. This may explain the observed mortality
Overweight (:23) 017037 0.00 015:050) 000 advantage among the overweight surgical population.
- = Another study done on 26,908 Mayo Clinic colorectal
e N RN (129.395) ot cancer patients demonstrated a significant disadvantage
Perioheral vascaiar — — in overall survival amongst underweight ‘patlents‘ as
divense ossiosy| (L1038 0.004 compared to both the normal and overweight patient
- - groups [22]. We believe that it is underweight patients
Smoker . 0014 (Lonass 0.044 at risk of malnutrition who have a significant survival
disadvantage rather than a high BMI actually being
Malignancy 2 <0001 0 <0001 protective. This is likely due to nutritional deficiencies
@010 (15335 causing impairment of immune function, wound heal-
Haemoglobin" 7 <0.001 -2 <0.001 ing and attenuation of the body’s metabolic response
(124149 (H1ean to stress [23]. Nutritional screening protocols are vital
Hacmoglobin to preoperative evaluation and optimization prior to
(Female Hb >12.0 g/dL; Reference proposed surgery.
Male Hb > 13.0 g/dL)
Anaemia, moderate 6.02 4.05
<0.001 <0.001 . .
(Hb 8.0-10.9 g/dL) (3.97-9.15) (2.19-7.50) Ethnicity
Atseniis, severe B o Studies have shown that ethnicity plays a role in dis-
RGO ety O | Gesanmn <00t ease progression and severity [24—26]. A large cohort
study investigating 53,065 heart failure patients
°For every 1 point increase in BMI showed that one-year mortality was lower in Black,

b N .
For every 1g/dlL drop in haemoglobin Hispanic and Asian patients compared to White pa-

tients [27] and a meta-analysis has shown that Indian
and Malay ethnic groups in South East Asian coun-
tries are at higher risk to develop metabolic diseases
like diabetes [28-30]. A propensity-matched study
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done amongst coronary artery bypass graft patients
showed that South Asian ethnicity had a survival
benefit compared its predominantly White counter-
parts [31]. Our study has shown that even after re-
moving the effect of ethnic variances in incidences of
commonly studied comorbidities through multivariate
logistic regression, ethnicity alone appears to be an
independent predictor of one-year mortality. This
could be due to some less studied genetic factors that
result in Chinese ethnicity being a protective factor
for peri-operative mortality but further studies would
be needed to ascertain whether the differences in
mortality rates are due to ethnicity affecting disease
progression which in turn affect mortality, or if there
are other direct genetic factors.

Peripheral vascular disease

Our data shows that having chronic medical disease
such as diabetes, hypertension and hyperlipidaemia
have no significant effect on one-year mortality. How-
ever, our finding that peripheral vascular disease is
significant for mortality suggests that poor control of
these chronic medical conditions allowing progression
to end organ dysfunction would then have an adverse
impact on mortality. This reiterates the need for ef-
fective screening, treatment and follow up for chronic
medical conditions.

Conclusion

Even if patients do survive the immediate periopera-
tive period, longer term outcomes are also relevant to
their overall well-being and would influence their
decisions regarding extent of care. This study should
be a platform for larger scale studies to eventually
develop a risk scoring system for risk stratification,
counselling and surgical planning. This would help in
patients’ care planning.

The study also reiterates the need for timely identifica-
tion and treatment of pre-operative anaemia and malnu-
trition as well as smoking cessation. Although these
factors have been previously shown to adversely affect
30-day mortality, we have shown that this extends be-
yond the immediate perioperative period into longer
term outcomes.

We acknowledge the limitations of a retrospective
study. However, as mortality is a rare and unpredictable
outcome, it would be challenging to conduct such a
study prospectively.

Furthermore, unlike studies done on large databases,
the integrity of our data was ensured by having members
of the research team manually verify the variables and
outcomes against patients’ medical records to ensure
accuracy.
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Appendix

Table 4 Table showing demographic, clinical and surgical data
that were analysed

Univariate analysis Mulivariabe analsis
Variable Odds atio Adjusted odds ratio
(Confidence | prvalue | (confidence pvatue
Intervah) interval)
Ave 04100 | <0001 | 1080106 | 0008
Niaiay, Tndian and other | TRT(L3280) | 007 | Z6S(15968 | 0000
“minor cihaicities
Chinese cthaicity Refernce
Asa3d LT | | e | o
AsaL2 Reference
Female ender e e e )
Male gender Reference
Body mass ndes’ omiomom [ omn | omesam | e
Body Mass index (WHO
cassifcaion), Normal Reference
BMI (185 249)
Body Miass indes, % B
000 oot
(188476) (62612
[ b
000 ois
022052 ©025.085)
Ref
B (185-229)
Body M ndex, 2 2
o0 002
Underweight (<18.5) 129337) (12438
Body M [ o
000 000
Overweght ©17037) ©15050)
Emergency surgery 97299 | 000 | 236(1539% | 0008
John Hopkins las 1 Reference
o Tiopkins cass 2 317242 | 0362 | L0236 | 0708
John Hopkins cass TR0 | 00m | 166077 | o2
Congenive fare | SA3@RETIT) | 0001 | 295051595 | 0070
s et s TS(LISI |00l | osi@aLIs | 05
Valvular heart disease | 236109477 | 005 | 108503927 | 087
Peripheral vascular disease | 536 (2 oo | 216z | 000
Other cardiovascalar
253020480 | o001 | 17070400 | 024
disease
Smoker TR0 | 001 | 20700445 | 008
Respiratory discase I (AT6A | 0005 | LI0@AIZT) | 080
“Transient ischemie attack/
55000320 | 005 | 0s03eles) | 0557
Stroke
18 000015
Endocrine discase 0113 | 01100007-107) | 0089
133)
Liver discase 22090510 | 007 | 163055425 | 039
Haematological or
386095729 | 000 | 197086420 | o108
congulation disorders
Mlignaney S2Q0SI0) | 0001 | 32008555 | <0001
General amaesthesia Referencs
General amaesthesia with
380097113) | 0055 | 20804474n | 03
esthesia
Rogi s [ O55550) | 03 | 08s0aiaan | 07
Monitored anaesthesia
0602115 | 035t | 0s2014s) | ozt
Duration o surgery 24
106063170 | 0m6 | 1209 | o7l
hours
Duration o surgery =4
20000369 | 00l6 | 196092414 | 008l
hours
Hacmoglobin® T O6TORT) | <0001 | 076 065086) | <0000
Haemogiovin
(Female Hb 2120 gaL; Reference
Male Hb 130 gdL)
Ansemia, mild
(Female Hb 110119 gl | 352016574 | <0001 | 147070310 | oo
Male Hb 110-12.9 gal)
Ansemi, moderate (>
602697-915) | <0001 | 405@19750 | <0001
#0109 gal)
Anacmia, severe W<
1385637:30.19), | <0001 | 920(CE:30527.70) | <0001
waL)
Glomerutar fitration rate | 099 0980999) | 0052 | 101 (099102 | 049
Urea 66 (1or2en | 00w
Hypertension 095 s
Tiyperiipidacnia % o
] o
0s6 10
030 036
050 oat
Thyroid discase Tor o

°For every 1 point increase in BMI
PFor every 1 g/dL drop in haemoglobin
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