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Mitochondrial Haplogroup and 
the Risk of Acute Kidney Injury 
Following Cardiac Bypass surgery
Nigel s. Kanagasundaram  1,2, Simon V. Baudouin2,3, Sarah Rowling4, Mahesh prabhu4, 
John H. Dark2,4, Timothy H. J. Goodship1,5, Patrick F. Chinnery6 & Gavin Hudson5

Although mitochondrial dysfunction plays a key role in the pathophysiology of acute kidney injury 
(AKI), the influence of mitochondrial genetic variability in this process remains unclear. We explored 
the association between the risk of post-cardiac bypass AKI and mitochondrial haplotype – inherited 
mitochondrial genomic variations of potentially functional significance. Our single-centre study 
recruited consecutive patients prior to surgery. Exclusions included stage 5 CKD, non-Caucasian 
race and subsequent off-pump surgery. Haplogroup analysis allowed characterisation of the study 
population using the common mutations and by phylogenetic supergroup (WXI and HV). Chi-square 
tests for association allowed the identification of potential predictors of AKI for use in logistic regression 
analysis. AKI occurred in 12.8% of the study population (n = 881; male 69.6%, non-diabetic 78.5%, 
median (interquartile range) age 68.0 (61.0–75.0) years). The haplogroup profile comprised H (42.7%), J 
(12.1%), T (10.9%), U (14.4%) and K (7.6%). Although the regression model was statistically significant 
(χ2 = 95.483, p < 0.0005), neither the phylogenetic supergroups nor any individual haplogroup was a 
significant contributor. We found no significant association between common European haplogroups 
and the risk of post-cardiac bypass AKI. However, given the major role of mitochondrial dysfunction in 
AKI, there is a need to replicate our findings in other cohorts and with other aetiologies of AKI.

Acute kidney injury (AKI) is a common adverse outcome of cardiac surgery and affects around 18% of patients1. 
The incidence of more severe AKI, requiring renal support, has been reported at 1–2% across various series2–5 and 
is associated with mortality rates of at least 45%2,4,5.

The pathogenesis of the AKI occurring after cardio-pulmonary bypass may include ischaemia-reperfusion 
injury, inflammation induced in the extracorporeal blood circuit, haemolysis, embolization and 
medication-related injury1. Disruption of cellular energetics appears to be a common pathway for many of these 
factors, as it is in all forms of ischaemic AKI6, with mitochondria playing a pivotal role in this process7. Subtle 
differences in mitochondrial function may, therefore, affect susceptibility to AKI through their impact on cellular 
energy production, free radical generation and metabolic uncoupling.

With this in mind, inherited variation in the mitochondrial genome has not only allowed human populations 
to be categorized into different mitochondrial haplogroups, but may also be of functional significance8; associ-
ations have been found, for instance, between mitochondrial haplotype and Alzheimer’s disease9, Parkinson’s 
disease10 and ischaemic stroke11, and with physiological functions such as sperm motility12. Work undertaken 
within our group has also shown that haplogroup H – the commonest haplotype in European populations12 - was 
associated with improved survival after sepsis in comparison to non-haplogroup H subjects13. This observation 
has physiological credibility as subjects with this haplotype have higher respiratory chain activity12 and so may be 
less prone to the risks of the tissue dysoxia that occurs in sepsis14.

A relationship between mitochondrial genetic variability, mitochondrial function and susceptibility to AKI is, 
therefore, biologically plausible. Our study tested the hypothesis that the development of post-cardiopulmonary 
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bypass AKI was associated with mitochondrial haplogroup. We chose this particular model of AKI because of the 
easy identifiability and relative homogeneity of the renal insult.

Results
AKI, as defined by KDIGO (Kidney Disease Improving Global Outcomes) criteria15, occurred in 12.8% (113) of 
the 881 patients retained for final analysis. Demographics and baseline clinical details are shown in Table 1 with 
a breakdown of their mitochondrial haplogroup profile in Table 2 and clinical outcomes in Table 3. A total of 
990 patients had been recruited between 3rd March 2007 and 28th August 2009 with 41 excluded after failing to 
proceed to surgery (7 died before surgery, in 32 surgery was no longer needed, 2 were withdrawn due to the long 
gap between recruitment and surgery), 49 excluded after proceeding to off-pump surgery and with 19 excluded 
due to failed mitochondrial haplotyping.

A Chi-square test for homogeneity compared the haplogroup distributions of the study and published control 
populations16 for haplogroups H, U, K, J, T and ‘other’ – the latter comprising those with either low numbers or 
lack of data in the control population. A significant difference was found (χ2 = 11.845, p = 0.037) although, on 
post hoc analysis using the z test of two proportions with a Bonferroni correction, this seemed to be due to differ-
ences in the proportions of haplogroup K (study vs control, 7.6 vs 11.7%) and those in the ‘other’ category (12.3 
vs 5%). The frequencies of haplogroup H were comparable (42.7 vs 41.3%).

Chi-square tests for association conducted between KDIGO AKI and the categorical variables shown in 
Table 4 allowed the identification of potential predictor variables for use in logistic regression analysis (Table 5). 
These were chosen on the basis of significance (e.g. age, estimated glomerular filtration rate (eGFR) and bypass 
time categories) or near-significance (e.g. Body Mass Index (BMI) > 30) in the Chi-square analyses or Fisher’s 
Exact test. The non-binary categorisation of surgery type was chosen over the dichotomous alternative due to the 
greater clinical credibility of the association.

The logistic regression model (Table 5) was statistically significant (χ2 = 95.483, p < 0.0005), explained 19.2% 
of the variance in KDIGO AKI (Nagelkerke R2) and correctly classified 87.7% of cases. As shown in Table 5, six 
of the ten predictor variables were statistically significant: age, eGFR, the presence of insulin-treated diabetes, 
bypass time, balloon pump use and ‘other’ cardiac bypass surgeries (non-coronary artery bypass graft (CABG), 
non-valve procedures although numbers were small and 95% confidence intervals were wide). Neither the phy-
logenetic supergroups, WXI and HV, nor any individual haplogroup was a significant predictor of KDIGO AKI 
in this model.

Supplementary Chi-square tests for association showed no significant associations between higher stages of 
AKI and individual haplogroups or the phylogenetic groupings, WXI or HV, although numbers of cases were 
small (as shown in Table 3).

Chi-square tests for association undertaken between each of the 6 predictor variables identified above and 
haplogroup failed to reveal any significant association although at least 3 breaches of cell frequency assumptions 
were evident in each test.

In view of the failure of cell frequency assumptions in the Chi-square tests for association, noted above, sup-
plementary analyses were undertaken. Firstly, haplogroup:non-haplogroup variables were created for the com-
mon mutations within the dataset (e.g. H:non-H, etc.) and for phylogenetic supergroups, which also incorporated 
less common mutations (e.g. WXI:non-WXI) – an approach in keeping with our previous published work13. 
Each pairing was then utilised in Chi-square tests for association against KDIGO AKI. As shown in Table 4, 
none were significant but all met cell frequency assumptions. The WXI:non-WXI pairing was then substituted 
for the multinomial haplogroup variable used in our initial logistic regression model which remained statisti-
cally significant (χ2 = 92.695, p < 0.0005), now explained 18.7% of the variance in KDIGO AKI (Nagelkerke 
R2) and correctly classified 87.9% of cases. Regression analyses were repeated, sequentially, substituting each 
haplogroup:non-haplogroup pairing into the model. No pairing was a significant predictor of KDIGO AKI when 
introduced into this model.

Chi-square tests for association undertaken between each of the 6 predictor variables identified above and 
each of the 9 haplogroup:non-haplogroup pairings revealed significant associations between T:non-T and 
eGFR (χ2 = 8.425 (p = 0.015; Cramer’s V < 0.1)), and between HV:non-HV and both bypass time (7.783 (0.020; 
Cramer’s V < 0.1)) and balloon pump use (4.365 (0.037; Phi −0.07)) although the strength of these associations 
was weak. In view of the multiple hypotheses under test (n = 54), we applied a Bonferroni correction at a sig-
nificance level of α (0.05)/κ (54) and the Benjamini-Hochberg technique17, neither of which found any of these 
associations to remain significant.

Because of a biologically plausible association between haplogroup and the risk of chronic kidney disease 
(CKD), additional logistic regression analysis allowed further observations on T:non-T and eGFR. To facilitate 
this, eGFR was re-categorised as a binomial variable. This was undertaken at two, separate thresholds, chosen to 
map to the limits of the original multinomial function (Table 1): (1) eGFR < 60 vs ≥ 60, and (2) eGFR < 75 vs ≥ 75 
(‘eGFR 75’). The association between T:non-T and eGFR 75 was significant (χ2 8.120, p = 0.004; Phi 0.096). 
Logistic regression analysis, employing eGFR 75 as the dependent variable, identified the following significant 
predictor variables: the T:non-T pairing, age, gender and New York Heart Association (NYHA) class. The model 
was statistically significant, χ2 = 96.342, p < 0.0005, with non-T haplogroup observed as conferring a 1.86 times 
higher odds of a baseline eGFR < 75 (95% CI 1.162–2.973, p = 0.010).

Discussion
Human mitochondrial DNA (mtDNA) encodes 13 protein components of the mitochondrial respiratory chain18. 
Its matrilineal inheritance has led to the accumulation of specific single nucleotide polymorphisms (SNPs) which 
have allowed the mitochondrial genome to be characterized according to different mitochondrial haplogroups19. 
These haplotypes may well be of functional significance9–13 although an association between mitochondrial 
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haplogroup and susceptibility to AKI has yet, to our knowledge, to be described. Nevertheless, it is clear that 
mitochondria play a critical role in both tissue injury and repair in AKI7.

Structural abnormalities such as swelling of individual mitochondria, depletion in total numbers and disrup-
tion of cristal architecture have been noted from the early stages of disease, particularly in the proximal tubule, 
and appear to accompany a marked reduction in respiratory chain activity7. As well as deficits in adenosine 
triphosphate production, mitochondrial disruption leads to the accumulation and release of molecules that can 
propagate inflammation, cell injury and apoptosis; these include non-esterified free fatty acids, reactive oxygen 
species, cytochrome c and mtDNA, itself7. Conversely, their importance in recovery from AKI is evidenced by 

Variable N
Median (25th–75th 
percentiles) Range

eGFR (ml/min/1.73 m2) 881

66.0 (56.0–76.0) 23–125
  <60 290 (32.9%)

  ≥60 < 75 342 (38.8%)

  ≥75 249 (28.3%)

BMI (kg/m2) 881

29.0 (26.2–32.1) 16–45

  <20 10 (1.1%)

  20–25 133 (15.1%)

  >25 </=30 373 (42.3%)

  >30 365 (41.4%)

Total bypass time (min) 881

78.0 (62.0–97.0) 5–406
  ≤60 197 (22.4%)

  >60 ≤ 100 489 (55.5%)

  >100 195 (22.1%)

Number previous heart surgeries 881
0.0 (0- 0) 0–6

  ≥1 37 (4.2%)

Age (years) 881

68.0 (61.0–75.0) 20–89
  ≤60 212 (24.1%)

  >60 < 75 444 (50.4%)

  ≥75 225 (25.5%)

Male gender 613 (69.6%)

Emergency surgery 51 (5.8%)

NYHA class 4 (vs. 1–3) 74 (8.4%)

Hypertensive 575 (65.3%)

Extra-cardiac arteriopathy present 107 (12.1%)

COPDa present 77 (8.7%)

Surgery type

  CABG alone 431 (48.9%)

  Valve alone 287 (32.6%)

  CABG + valve 152 (17.3%)

  Other alone 11 (1.2%)

Interval from MIb to surgery

  No MIb or MI >30 days prior 848 (96.3%)

  MI 1–30 days prior 33 (3.7%)

Cerebrovascular disease present 102 (11.6%)

Left ventricular ejection fraction (%)

  ≥30 836 (94.9%)

  <30 44 (5.0%)

  Not measured 1 (0.1%)

Diabetes management

  Not diabetic 692 (78.5%)

  Diet 33 (3.7%)

  Oral therapy 128 (14.5%)

  Insulin 28 (3.2%)

Intra-aortic balloon pump (IABP) used 15 (1.7%)

Table 1. Demographics and baseline clinical details of study population (n = 881). Median, 25th and 75th 
percentiles and range are shown for continuous variables* and frequencies for categorical variables. *Of the 
continuous variables, only eGFR was normally distributed (Kolmogorov-Smirnov and Shapiro-Wilk test p 
values > 0.05). aCOPD = chronic obstructive pulmonary disease. bMI = myocardial infarction.

https://doi.org/10.1038/s41598-018-37944-2


www.nature.com/scientificreports/

4Scientific RepoRts |          (2019) 9:2279  | https://doi.org/10.1038/s41598-018-37944-2

both increases in mitochondrial biogenesis and the negative impact of reduced mitophagy on renal recovery7. 
Therapeutic manipulation of both injury and recovery processes is now being explored and is discussed in more 
detail in reference7. Interestingly, mitochondrial dysfunction may be important in increasing even the suscepti-
bility to AKI with experimental in vitro and in vivo work describing the ‘priming’ of mitochondria to apoptosis in 
hyperglycaemic environments20.

Beyond AKI, both inherited and acquired mitochondrial abnormalities have been described in a range of 
other renal diseases. These often occur as part of multi-system disorder in children and young adults and are 
frequently clinically silent7. Disorders of tubular function predominate, as might be expected given the high local 
energy demands, but mitochondrial dysfunction is also evident in different cystic and glomerular diseases (see 
references in7).

A number of SNPs in the mitochondrial and nuclear genomes affecting mitochondrial function have also 
been associated with more prevalent renal diseases such as type 121 and type 2 diabetic nephropathy22, with 
reduced kidney survival in CKD23 and as predictors of chronic dialysis24. The common, acquired mtDNA4977 
deletion mutation was found to be associated with improved survival in a patient cohort from the HEMO study 
and, although the explanation for this preliminary observation was not clear, there was a trend for these patients 
to have higher mtDNA copy number25. The potential importance of epigenetic factors, has been illustrated by 
an association between type 1 diabetic kidney disease and the DNA methylation of nuclear genes influencing 
mitochondrial function26.

Beyond these genetic factors, mitochondrial dysfunction appears to increase with worsening CKD (see refer-
ences in27) and seems to have a central role in the development of the oxidative stress associated with deteriorat-
ing renal function (see references in28).

To our knowledge, the present study is the first examination of the hypothesis that mitochondrial haplogroup 
influences the risk of developing AKI. The supposition carries biological plausibility given the pivotal role of 
mitochondria in pathogenesis and because subtle differences of function across haplogroups may confer differing 
levels of risk8. We found no influence on the risk of post-cardiac bypass AKI or, in supplementary analysis, on the 
severity of AKI. Our negative findings should be viewed in the context that this was a single-centre study exam-
ining a specific aetiology of AKI.

We also note that, although the main logistical regression model was sufficiently powered for the number of 
potential predictors (Table 5) and AKI incidence (see ‘Statistical analysis’, below), a more subtle effect of hap-
logroup may have been detected in a larger cohort. This should be placed in the context of ours being one of the 
larger cohorts with this phenotype, though.

Our primary analysis utilised the ‘haplogroup’ variable, comprising the different haplogroups and phyloge-
netic supergroups as described under ‘Statistical analysis’, below, and elsewhere29. This multinomial categorisation 
did lead to a failure of cell frequency assumptions in the Chi-square tests for association although this was entirely 
due to inclusion of the single case with ‘R’ haplotyping. Our supplementary analysis, substituting the ‘haplogroup’ 
variable with ‘haplogroup:non-haplogroup’ was conducted with the aim of increasing the denominator (by cre-
ating the ‘non-haplogroup’ category) – a technique used, extensively, including in previous published work from 
our group13. However, this approach assumes an independence between categories that may not be correct as the 
‘non-haplogroup’ category may contain states that have evolutionary proximity to the ‘haplogroup’ state of the 

Mitochondrial haplogroup N

HV 411 (46.7%)

J 107 (12.1%)

T 96 (10.9%)

U 127 (14.4%)

K 67 (7.6%)

R 1 (0.1%)

WXI 72 (8.2%)

Table 2. Mitochondrial haplogroup breakdown of study population (n = 881).

Outcome measure N Mean (SD) Range

KDIGO AKI within 1st 7 days 113 (12.8%)

Renal support within 1st 7 days 25 (2.8%)

Maximum AKI stage

  1 85

  2 20

  3 (Cr criteria only) 8

Hospital mortality 21 (2.4%)

Hospital length of stay (days) 881 10 (5.6) 1–36

Table 3. Outcome measures of study population (n = 881).
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pairing (e.g. ‘non-J’ includes ‘T’, with both ‘J’ and ‘T’ classifiable in the same phylogenetic supergroup, ‘JT’; simi-
larly ‘non-U’ including ‘K’ and ‘non-T’ including ‘J’).

We believe, however, that the approach in this supplementary analysis is justified as a means of further explor-
ing potential associations of interest and note, also, that the multinomial categorisation used for the primary 
‘haplogroup’ variable (HV, J, T, U, K, R, WXI) does not fully resolve the issue of association between different 
states (‘J’ and ‘T’, ‘U’ and ‘K’, etc.).

Given the major role of mitochondrial dysfunction in AKI, our findings require replication in other patient 
groups, including in other types of AKI, and should extend to other abnormalities of mitochondrial and related 
nuclear genetics beyond, simply, haplotype.

Our finding of an association between mitochondrial haplogroup T (versus ‘non-T’) and CKD was unex-
pected and could only be regarded as anecdotal in the context of multiple hypothesis testing. In contrast to AKI, 
however, inherited differences in the mitochondrial genome have, indeed, been associated with CKD.

For instance, haplogroup D was found to be a risk marker for end-stage renal disease in young, Han Chinese 
subjects30. Further, mtDNA haplogroups J and V have been associated with reduced susceptibility to chronic 
renal allograft dysfunction in comparison to haplogroup H31 which has also been associated with a higher risk of 
the development of post-renal transplant diabetes32. Finally, a gene-environment interaction study suggested an 
association between the longevity-associated mt5178A genotype, regular alcohol consumption and better renal 
function in non-diabetic Japanese men33.

Variable (dichotomous ‘yes’ vs. ‘no’, unless otherwise stated)
Pearson Chi-
square (χ2) P value

Strength of 
association (Phi or 
Cramer’s V **) P value

Haplogroup* (HV, J, T, U, K, R, WXI) 4.523 0.606

Gender 1.949 0.163

Age (≤60 years, >60 < 75, ≥75) 18.736 <0.0005 0.146 <0.0005

Urgency (elective, emergency) 0.442 0.506

eGFR category (<60 ml/min/1.73 m2, ≥60 < 75, ≥75) 40.819 <0.0005 0.215 <0.0005

New York Heart Association (NYHA) class (NYHA 1–3, NYHA 4) 0.294 0.588

BMI* (<20 kg/m2, 20–25, >25–30, >30) 6.082 0.108

BMI > 30 3.529 0.06

BMI > 25 0.528 0.468

Diabetic status 2.752 0.097

Diabetes management* (not diabetic, diet, oral therapy, insulin) 18.149 <0.0005 0.144 <0.0005

Diabetes management*a (not diabetic or non-insulin-treated, insulin-treated) 18.107 <0.0005 0.143 <0.0005

Hypertension 1.748 0.186

Extra-cardiac arteriopathy 1.739 0.187

COPD 0.574 0.449

Surgery type* (CABG alone, Valve alone, CABG + valve, other surgery alone) 13.543 0.004 0.124 0.004

Surgery type (CABG + valve, single procedure) 4.004 0.045 0.067 0.045

Total bypass time (≤60 mins, >60 ≤ 100, >100) 24.84 <0.0005 0.168 <0.0005

Interval between surgery and MI*b (No MI or MI > 30 days pre-surgery, MI 
within 30 days pre-surgery) 0.015 0.902

Cerebrovascular disease 1.522 0.217

Left ventricular ejection fraction* (≥30%, <30%, not measured) 6.271 0.043 0.084 0.043

Left ventricular ejection fraction (≥30%, <30%) n.b. 1 missing 6.118 0.013 0.083 0.013

Number previous heart surgeries*c (0, ≥1) 4.567 0.033 0.072 0.033

IABP use* (none, pre-operative, intra-operative, post-operative, intra- & 
post-operative) 25.971 <0.0005 0.172 <0.0005

Any IABP use*a 22.393 <0.0005 0.159 <0.0005

H: non-H 0.319 0.572

J: non-J 0.007 0.932

T: non-T 0.56 0.454

U: non-U 0.137 0.711

K: non-K 0.972 0.324

HV: non-HV 0.067 0.795

JT: non-JT 0.238 0.626

UK: non-UK 0.891 0.345

WXI: non-WXI 3.071 0.08

Table 4. Chi-square test for association between KDIGO AKI and the categorical variables, indicated. *Failed 
assumption that all expected cell counts > 5. **See text for explanation. aFisher’s exact test significant at 
p = <0.0005 (2-sided). bFisher’s exact test non-significant. cFisher’s exact test significant at p = 0.043 (2-sided).
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In conclusion, the present study has found no significant association between common European haplogroups 
and the risk of AKI after cardiac bypass surgery. Our observations require replication in other patient cohorts and 
with different aetiologies of AKI.

Methods
Ethical approval for the study protocol and procedures was received from the Northumberland Local Research 
Ethics Committee (ref: 07/Q0902/30) in accordance with their ethical standards and with the Helsinki 
Declaration of 1975, as revised in 2000.

Consecutive patients were screened for inclusion from the institution’s adult cardiac surgery pre-assessment 
clinic and in-patient wards prior to elective or emergency cardiac bypass surgery. Exclusion criteria comprised: 
age <18 years, pre-existing chronic dialysis or renal transplant, stage 5 CKD (eGFR < 15 mL/min/1.73 m2), 
pre-existing AKI (defined by contemporary consensus criteria34), patients undergoing cardiac or lung transplan-
tation, participation in other studies and non-Caucasian race. After signed, written informed consent, a 10 mL 
EDTA blood sample was collected from each recruited patient. Genomic DNA was extracted (“Nucleon® Total 
Genomic DNA Extraction Kit:” product 44100, Tepnel Life Sciences PLC) and mitochondrial DNA haplotype 
analysis performed using polymerase chain reaction and restriction fragment polymorphism analysis as previ-
ously described35,36.

Data extracted from the clinical record included demographics, pre-operative co-morbidity, surgery type, the 
presence of recognised risk factors for post-cardiac bypass AKI2–5,37–39 and outcome measures (the need for renal 
replacement therapy (RRT) within the 1st 7 post-operative days, hospital length of stay, and in-hospital mortality). 
Post-bypass AKI was determined using the baseline of the pre-operative serum creatinine (SCr) from the day 
prior to surgery or sooner or, if unavailable, the pre-assessment clinic SCr. KDIGO (Kidney Disease Improving 
Global Outcomes) criteria15 were utilised in our analyses to diagnose AKI and stage its severity over the 7 days 

Potential predictor 
variable Category* n B SE Wald df p

Odds 
Ratio 
(OR)

95% C.I. for OR

Lower Upper

Surgery type

CABG alone 431 6.775 3 0.079

Valve alone 287 0.173 0.267 0.423 1 0.516 1.189 0.705 2.005

CABG + valve 152 −0.045 0.328 0.019 1 0.891 0.956 0.503 1.818

Other alone 11 1.811 0.729 6.179 1 0.013 6.119 1.467 25.524

Age (years)

≤60 212 10.674 2 0.005

>60 < 75 444 0.266 0.332 0.640 1 0.424 1.304 0.680 2.501

≥75 225 0.965 0.358 7.260 1 0.007 2.626 1.301 5.300

Ejection fraction (%)

≥30 836 2.788 2 0.248

<30 44 0.700 0.419 2.788 1 0.095 2.014 0.885 4.582

Not measured 1

Total bypass time category 
(mins)

≤60 197 7.591 2 0.022

>60 ≤ 100 489 0.375 0.324 1.336 1 0.248 1.455 0.770 2.747

>100 195 0.956 0.369 6.724 1 0.010 2.603 1.263 5.363

eGFR (ml/min/1.73 m2)

≥75 249 16.739 2 <0.0005

≥60 < 75 342 0.881 0.370 5.660 1 0.017 2.412 1.168 4.984

<60 290 1.445 0.367 15.507 1 <0.0005 4.242 2.066 8.707

Intra-aortic balloon pump 
use

No 866

Yes 15 1.203 0.608 3.917 1 0.048 3.329 1.012 10.953

BMI > 30 kg/m2
No 516

Yes 365 0.394 0.227 3.020 1 0.082 1.483 0.951 2.313

Insulin-treated diabetes
No 853

Yes 28 1.433 0.465 9.499 1 0.002 4.190 1.685 10.419

Number of previous heart 
operations

0 844

≥1 37 0.013 0.469 0.001 1 0.977 1.013 0.404 2.542

Haplogroup**
HV 411 4.899 6 0.557

WXI 72 0.442 0.357 1.533 1 0.216 1.555 0.773 3.129

J 107 −0.111 0.352 0.100 1 0.752 0.895 0.449 1.782

T 96 −0.040 0.387 0.011 1 0.918 0.961 0.450 2.052

U 127 −0.222 0.339 0.431 1 0.512 0.801 0.412 1.556

K 67 −0.718 0.494 2.111 1 0.146 0.488 0.185 1.285

Constant −4.156 0.493 71.137 1 <0.0005 0.016

Table 5. Logistic regression predicting likelihood of KDIGO AKI. Forty-two studentized residuals with 
values > 2.5 standard deviations (range 2.582–6.079) were all retained. *The first category for each potential 
predictor variable represents the reference category (e.g. “CABG alone” for “Surgery type”). **The study cohort 
also included a single case with haplogroup ‘R’ which did not contribute, significantly, to the model.
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post-surgery. Patients listed for cardiac bypass surgery but subsequently undergoing an off-pump procedure were 
excluded from further analysis because of the possible impact on AKI risk1.

SCr was measured using the Jaffé method on an Olympus AU Analyser (Beckman Coulter (UK) Ltd, High 
Wycombe). In order to determine baseline eGFR, the corresponding SCr was adjusted to harmonise with gold 
standard methodology (Isotope Dilution Mass Spectrometry) using the following correction factor, provided by 
the UK-accredited Wales External Quality Assessment Scheme40 in 2006:

− × .(SCr 11) 1 04

Baseline eGFR was then calculated using the revised four-variable MDRD 175 formula for SI units41.

statistical analysis. An independent, multinomial variable, ‘haplogroup’ was created comprising the fol-
lowing categories: J, T, U, K, WXI, R and HV, with the latter used as reference.

The primary, dichotomous dependent variable was post-operative AKI (‘KDIGO AKI’) defined solely by SCr 
criteria15, namely: a rise from baseline of ≥26.5 μmol/L within 48 hours or ≥1.5 fold within 7 days.

A Chi-square test for homogeneity42 compared the haplogroup distributions of the study population and a 
previously described local control population16.

Chi-square tests for association43 were then undertaken between KDIGO AKI and each potential predictor 
variable, including the multinomial haplogroup variable. Continuous variables (e.g. age, eGFR) were converted 
to categorical variables for these analyses. Tests were conducted under the assumption that expected cell frequen-
cies were >5 but where this failed, Fisher’s Exact test was undertaken if the tested variable was dichotomous. The 
strength of any significant association was tested using the Phi statistic for dichotomous variables and Cramer’s V, 
otherwise, with both measures interpreted in the same manner as a correlation (i.e. ranging from −1 to +1 and 
from 0 to +1, respectively). Sensitivity analyses, involving re-categorisation of other variables with potentially 
significant associations, allowed identification of additional potential predictors for use in the regression analysis.

Supplementary Chi-square tests for association were performed to evaluate the association of the multinomial 
haplogroup variable with stage 2 and/or stage 3 AKI.

Binomial logistic regression analysis was then performed44 using KDIGO AKI as the dependent variable and, 
as independent variables, the multinomial haplogroup variable and any other independent variables, found to be 
significant in the Chi-square tests for association, described above.

The impact of haplogroup on any other significant predictors identified from the regression model was then 
explored with further Chi-square tests for association (predictor variable vs haplogroup) and binomial logistic 
regression (if the association was significant and clinically credible).

Supplementary analyses were then performed.
Firstly, haplogroup:non-haplogroup variables were created for the common mutations within the dataset 

(e.g. H:non-H, etc.) and for phylogenetic supergroups, which also incorporated less common mutations (e.g. 
WXI:non-WXI). Chi-square tests for association43 were then undertaken between KDIGO AKI and each hap-
logroup:non-haplogroup pairing. Each binomial pairing was then, sequentially, substituted for the multinomial 
‘haplogroup’ variable used in the primary logistic regression model for prediction of KDIGO AKI. Finally, the 
impact of each haplogroup:non-haplogroup pairing on other, significant predictors of KDIGO AKI, identified 
from this regression model was then explored with further Chi-square tests for association (predictor variable 
vs haplogroup:non-haplogroup pairing) and binomial logistic regression (if the association was significant and 
clinically credible).

Following the recommendation that there should be at least 10 events per variable studied45, for a 10 variable 
model, 100 events would have to occur in the study population; thus, for the reported AKI incidence of 18%1, 
target recruitment would be 556 whilst lower incidences of 15, 12.5 and 10% would increase target recruitment to 
667, 800 and 1000 patients, respectively.

Analyses were performed using the SPSS statistics package (version 22, IBM Corporation) with p < 0.05 being 
regarded as statistically significant. Where percentages are reported (e.g. Tables 1–3), these are rounded to one 
decimal place.

Data Availability
The datasets generated during and analysed during the current study are available from the corresponding author 
on reasonable request.

References
 1. Thiele, R. H., Isbell, J. M. & Rosner, M. H. AKI associated with cardiac surgery. Clin J Am Soc Nephrol 10, 500–514, https://doi.

org/10.2215/CJN.07830814 (2015).
 2. Eriksen, B. O., Hoff, K. R. & Solberg, S. Prediction of acute renal failure after cardiac surgery: retrospective cross-validation of a 

clinical algorithm. Nephrology Dialysis Transplantation 18, 77–81 (2003).
 3. Thakar, C. V., Arrigain, S., Worley, S., Yared, J. P. & Paganini, E. P. A clinical score to predict acute renal failure after cardiac surgery. 

J Am Soc Nephrol 16, 162–168, https://doi.org/10.1681/ASN.2004040331 (2005).
 4. Bove, T. et al. The incidence and risk of acute renal failure after cardiac surgery. J Cardiothorac Vasc Anesth 18, 442–445 (2004).
 5. Chertow, G. M. et al. Preoperative renal risk stratification. Circulation 95, 878–884 (1997).
 6. Kanagasundaram, N. S. Pathophysiology of ischaemic acute kidney injury. Annals of clinical biochemistry 52, 193–205, https://doi.

org/10.1177/0004563214556820 (2015).
 7. Emma, F., Montini, G., Parikh, S. M. & Salviati, L. Mitochondrial dysfunction in inherited renal disease and acute kidney injury. Nat 

Rev Nephrol 12, 267–280, https://doi.org/10.1038/nrneph.2015.214 (2016).
 8. Gomez-Duran, A. et al. Unmasking the causes of multifactorial disorders: OXPHOS differences between mitochondrial 

haplogroups. Human molecular genetics 19, 3343–3353, https://doi.org/10.1093/hmg/ddq246 (2010).

https://doi.org/10.1038/s41598-018-37944-2
https://doi.org/10.2215/CJN.07830814
https://doi.org/10.2215/CJN.07830814
https://doi.org/10.1681/ASN.2004040331
https://doi.org/10.1177/0004563214556820
https://doi.org/10.1177/0004563214556820
https://doi.org/10.1038/nrneph.2015.214
https://doi.org/10.1093/hmg/ddq246


www.nature.com/scientificreports/

8Scientific RepoRts |          (2019) 9:2279  | https://doi.org/10.1038/s41598-018-37944-2

 9. van der Walt, J. M. et al. Analysis of European mitochondrial haplogroups with Alzheimer disease risk. Neuroscience letters 365, 
28–32, https://doi.org/10.1016/j.neulet.2004.04.051 (2004).

 10. Pyle, A. et al. Mitochondrial DNA haplogroup cluster UKJT reduces the risk of PD. Annals of neurology 57, 564–567, https://doi.
org/10.1002/ana.20417 (2005).

 11. Chinnery, P. F., Elliott, H. R., Syed, A. & Rothwell, P. M. Mitochondrial DNA haplogroups and risk of transient ischaemic attack and 
ischaemic stroke: a genetic association study. Lancet neurology 9, 498–503, https://doi.org/10.1016/S1474-4422(10)70083-1 (2010).

 12. Ruiz-Pesini, E. et al. Human mtDNA haplogroups associated with high or reduced spermatozoa motility. American journal of human 
genetics 67, 682–696, https://doi.org/10.1086/303040 (2000).

 13. Baudouin, S. V. et al. Mitochondrial DNA and survival after sepsis: a prospective study. Lancet 366, 2118–2121, https://doi.
org/10.1016/S0140-6736(05)67890-7 (2005).

 14. Singer, M. & Brealey, D. Mitochondrial dysfunction in sepsis. Biochem Soc Symp 66, 149–166 (1999).
 15. KDIGO. KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney International Supplements 2, https://doi.org/10.1038/

kisup.2012.3 (2012).
 16. Chinnery, P. F. et al. Mitochondrial DNA haplogroups and susceptibility to AD and dementia with Lewy bodies. Neurology 55, 

302–304 (2000).
 17. Radua, J. et al. Seed-based d Mapping. Online calculator of FDR correction for multiple comparisons, https://www.sdmproject.com/

utilities/?show=FDR.
 18. DiMauro, S. & Schon, E. A. Mitochondrial respiratory-chain diseases. N Engl J Med 348, 2656–2668, https://doi.org/10.1056/

NEJMra022567 (2003).
 19. Ruiz-Pesini, E., Mishmar, D., Brandon, M., Procaccio, V. & Wallace, D. C. Effects of purifying and adaptive selection on regional 

variation in human mtDNA. Science 303, 223–226, https://doi.org/10.1126/science.1088434 (2004).
 20. Peng, J. et al. Hyperglycemia, p53, and mitochondrial pathway of apoptosis are involved in the susceptibility of diabetic models to 

ischemic acute kidney injury. Kidney International 87, 137–150, https://doi.org/10.1038/ki.2014.226 (2015).
 21. Swan, E. J. et al. Genetic risk factors affecting mitochondrial function are associated with kidney disease in people with Type 1 

diabetes. Diabetic Medicine 32, 1104–1109, https://doi.org/10.1111/dme.12763 (2015).
 22. Hatunic, M. et al. The Leu262Val polymorphism of presenilin associated rhomboid like protein (PARL) is associated with earlier 

onset of type 2 diabetes and increased urinary microalbumin creatinine ratio in an Irish case-control population. Diabetes Res Clin 
Pract 83, 316–319, https://doi.org/10.1016/j.diabres.2008.12.004 (2009).

 23. Xu, J. et al. Single nucleotide polymorphisms in the D-loop region of mitochondrial DNA is associated with the kidney survival time 
in chronic kidney disease patients. Ren Fail 37, 108–112, https://doi.org/10.3109/0886022X.2014.976132 (2015).

 24. Chen, J. B. et al. Sequence-based polymorphisms in the mitochondrial D-loop and potential SNP predictors for chronic dialysis. Plos 
one [Electronic Resource] 7, e41125, https://doi.org/10.1371/journal.pone.0041125 (2012).

 25. Rao, M. et al. Mitochondrial DNA injury and mortality in hemodialysis patients. J Am Soc Nephrol 20, 189–196, https://doi.
org/10.1681/ASN.2007091031 (2009).

 26. Swan, E. J., Maxwell, A. P. & McKnight, A. J. Distinct methylation patterns in genes that affect mitochondrial function are associated 
with kidney disease in blood-derived DNA from individuals with Type 1 diabetes. Diabetic Medicine 32, 1110–1115, https://doi.
org/10.1111/dme.12775 (2015).

 27. Gamboa, J. L. et al. Mitochondrial dysfunction and oxidative stress in patients with chronic kidney disease. Physiol Rep 4, https://
doi.org/10.14814/phy2.12780 (2016).

 28. Small, D. M., Coombes, J. S., Bennett, N., Johnson, D. W. & Gobe, G. C. Oxidative stress, anti-oxidant therapies and chronic kidney 
disease. Nephrology 17, 311–321, https://doi.org/10.1111/j.1440-1797.2012.01572.x (2012).

 29. Chalkia, D. et al. Association Between Mitochondrial DNA Haplogroup Variation and Autism Spectrum Disorders. JAMA 
Psychiatry 74, 1161–1168, https://doi.org/10.1001/jamapsychiatry.2017.2604 (2017).

 30. Zhang, Y. et al. Associations of mitochondrial haplogroups and mitochondrial DNA copy numbers with end-stage renal disease in 
a Han population. Mitochondrial DNA A DNA Mapp Seq Anal, 1–7, https://doi.org/10.1080/24701394.2016.1177038 (2016).

 31. Jimenez-Sousa, M. A. et al. Relationship between European mitochondrial haplogroups and chronic renal allograft rejection in 
patients with kidney transplant. Int J Med Sci 11, 1129–1132, https://doi.org/10.7150/ijms.9487 (2014).

 32. Tavira, B. et al. Mitochondrial DNA haplogroups and risk of new-onset diabetes among tacrolimus-treated renal transplanted 
patients. Gene 538, 195–198, https://doi.org/10.1016/j.gene.2014.01.036 (2014).

 33. Kokaze, A. et al. Combined effect of mitochondrial DNA 5178 C/A polymorphism and alcohol consumption on estimated 
glomerular filtration rate in male Japanese health check-up examinees: a cross-sectional study. BMC Nephrol 14, 35, https://doi.
org/10.1186/1471-2369-14-35 (2013).

 34. Bellomo, R. et al. Acute renal failure - definition, outcome measures, animal models, fluid therapy and information technology 
needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 8, 
R204–R212 (2004).

 35. Torroni, A. et al. Classification of European mtDNAs from an analysis of three European populations. Genetics 144, 1835–1850 
(1996).

 36. Lamminen, T. et al. mtDNA haplotype analysis in Finnish families with leber hereditary optic neuroretinopathy. European journal 
of human genetics: EJHG 5, 271–279 (1997).

 37. Chertow, G. M., Levy, E. M., Hammermeister, K. E., Grover, F. & Daley, J. Independent association between acute renal failure and 
mortality following cardiac surgery. Am J Med 104, 343–348 (1998).

 38. Rosner, M. H., Portilla, D. & Okusa, M. D. Cardiac surgery as a cause of acute kidney injury: pathogenesis and potential therapies. J 
Intensive Care Med 23, 3–18, https://doi.org/10.1177/0885066607309998 (2008).

 39. Candela-Toha, A. et al. Predicting acute renal failure after cardiac surgery: external validation of two new clinical scores. Clin J Am 
Soc Nephrol 3, 1260–1265, https://doi.org/10.2215/CJN.00560208 (2008).

 40. Barzilay, E., Weksler, N., Kessler, D. & Prego, J. The use of continuous arteriovenous hemodialysis in the management of patients 
with oliguria associated with multiple organ failure. Intensive Care Medicine 14, 444–445 (1988).

 41. Levey, A. S. et al. Using standardized serum creatinine values in the modification of diet in renal disease study equation for 
estimating glomerular filtration rate. Ann Intern Med 145, 247–254 (2006).

 42. Chi-square test of homogeneity using SPSS Statistics. Statistical tutorials and software guides, https://statistics.laerd.com/ (2016).
 43. Chi-square test for association using SPSS Statistics. Statistical tutorials and software guides, https://statistics.laerd.com/ (2016).
 44. Binomial logistic regression using SPSS Statistics. Statistical tutorials and software guides, https://statistics.laerd.com/ (2016).
 45. Peduzzi, P., Concato, J., Kemper, E., Holford, T. R. & Feinstein, A. R. A simulation study of the number of events per variable in 

logistic regression analysis. J Clin Epidemiol 49, 1373–1379 (1996).

Acknowledgements
We are extremely grateful to the Northern Counties Kidney Research Fund for their generous support for 
this study and to Mrs. Julie Day, Consultant Clinical Scientist, for her assistance with data interpretation. The 
Northern Counties Kidney Research Fund (UK registered charity number 700037).

https://doi.org/10.1038/s41598-018-37944-2
https://doi.org/10.1016/j.neulet.2004.04.051
https://doi.org/10.1002/ana.20417
https://doi.org/10.1002/ana.20417
https://doi.org/10.1016/S1474-4422(10)70083-1
https://doi.org/10.1086/303040
https://doi.org/10.1016/S0140-6736(05)67890-7
https://doi.org/10.1016/S0140-6736(05)67890-7
https://doi.org/10.1038/kisup.2012.3
https://doi.org/10.1038/kisup.2012.3
https://www.sdmproject.com/utilities/?show=FDR
https://www.sdmproject.com/utilities/?show=FDR
https://doi.org/10.1056/NEJMra022567
https://doi.org/10.1056/NEJMra022567
https://doi.org/10.1126/science.1088434
https://doi.org/10.1038/ki.2014.226
https://doi.org/10.1111/dme.12763
https://doi.org/10.1016/j.diabres.2008.12.004
https://doi.org/10.3109/0886022X.2014.976132
https://doi.org/10.1371/journal.pone.0041125
https://doi.org/10.1681/ASN.2007091031
https://doi.org/10.1681/ASN.2007091031
https://doi.org/10.1111/dme.12775
https://doi.org/10.1111/dme.12775
https://doi.org/10.14814/phy2.12780
https://doi.org/10.14814/phy2.12780
https://doi.org/10.1111/j.1440-1797.2012.01572.x
https://doi.org/10.1001/jamapsychiatry.2017.2604
https://doi.org/10.1080/24701394.2016.1177038
https://doi.org/10.7150/ijms.9487
https://doi.org/10.1016/j.gene.2014.01.036
https://doi.org/10.1186/1471-2369-14-35
https://doi.org/10.1186/1471-2369-14-35
https://doi.org/10.1177/0885066607309998
https://doi.org/10.2215/CJN.00560208
https://statistics.laerd.com/
https://statistics.laerd.com/
https://statistics.laerd.com/


www.nature.com/scientificreports/

9Scientific RepoRts |          (2019) 9:2279  | https://doi.org/10.1038/s41598-018-37944-2

Author Contributions
Conception or design (S.R.), or analysis and interpretation of data (G.H.), or both (N.S.K., S.V.B., M.P., J.H.D., 
T.H.J.G., P.F.C.). Drafting the article (all authors). Providing intellectual content of critical importance (all 
authors). Final approval of the version submitted (all authors).

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-018-37944-2
http://creativecommons.org/licenses/by/4.0/

	Mitochondrial Haplogroup and the Risk of Acute Kidney Injury Following Cardiac Bypass Surgery
	Results
	Discussion
	Methods
	Statistical analysis. 

	Acknowledgements
	Table 1 Demographics and baseline clinical details of study population (n = 881).
	Table 2 Mitochondrial haplogroup breakdown of study population (n = 881).
	Table 3 Outcome measures of study population (n = 881).
	Table 4 Chi-square test for association between KDIGO AKI and the categorical variables, indicated.
	Table 5 Logistic regression predicting likelihood of KDIGO AKI.




