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Effects of Novel Insulin Resistance Indices on Early Renal
Functions in Donors
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ABSTRACT
Objective: To investigate the relationship between quickly calculable new insulin resistance (IR) indices used to evaluate IR in early
kidney functions after donor nephrectomy.
Study Design: Descriptive design.
Place and Duration of the Study: Department of Urology, Ufuk University Faculty of Medicine, Ankara, Turkiye, between January
2016 and August 2021.
Methodology: The preoperative biochemical analyses of patients undergoing open donor nephrectomies and estimated glomerular
filtration rates (eGFR) were recorded in the preoperative and first postoperative month. The IR indices (triglyceride glucose [TyG] index,
TyG-body mass index [TyG-BMI], triglyceride/HDL cholesterol ratio [TG/HDL-C], and metabolic score for IR [METS-IR]) were computed.
Additionally, the patients were separated into two categories. Group 1 had a less than 30% decrease in eGFR values in the postopera-
tive  first-month  period,  and  group  2  had  a  more  than  30%  decrease.  The  relationship  between  variables  was  analysed  using  the
Spearman correlation, and comparisons between groups were analysed using the independent t-test or Mann–Whitney U-test.
Results: A total of 107 patients were included in the study. The mean eGFR reduction rate was 31.81 ± 8.87 %. In the correlation anal-
yses,  an increase in the rate of  decrease in postoperative GFR was associated with higher IR indices,  specifically TyG (r  = 0.19,  p =
0.04), TG/HDL-C (r = 0.21, p = 0.02), and METS-IR (r = 0.21, p = 0.02). No statistically significant difference was found between the
groups regarding all the calculated IR indices (p < 0.05).
Conclusion: The results suggest a possible link between increased IR and postoperative renal function decline.
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INTRODUCTION
The prevalence of end-stage renal disease has been increasing in
recent  years  and  constitutes  a  significant  problem  for  health
systems globally. The preferred renal replacement therapy for
patients with end-stage renal disease is kidney transplantation
and  successful  kidney  transplantation  notably  enhances  the
patient’s quality of life. Donor safety is a priority during donor
nephrectomy operations, which only healthy individuals undergo.

The long-term morbidity and mortality results of kidney donation
are controversial.  Glomerulosclerosis,  which  can  progress  to
renal failure, may develop in the remaining kidney after donor
nephrectomy.1

According  to  the  Clinical  Practice  Guideline  on  the  Evaluation
and  Care of  Living  Kidney  Donors,  there  are  absolute  contra-
indications.
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However,  the  opinions  on  donor  candidates  with  diabetes,
metabolic syndrome, obesity, or hypertension were left to the
preference of the clinicians according to clinical and individual
conditions.2 As the transplant waiting list expands, the demand
for kidneys increases. Accordingly, transplant centres’ inclina-
tions to consider donors with potential risk factors for chronic
kidney disease have risen.

There is a relationship between elevated plasma glucose levels
and an increased risk of kidney dysfunction or kidney disease.
Insulin resistance (IR) is a fundamental contributor to the devel-
opment and progression of type 2 diabetes, plays a central role
in Type 2 diabetes’s pathogenesis, and represents a significant
metabolic condition that reduces the responsiveness of critical
organs such as the liver, skeletal muscle, and adipose tissue to
insulin’s physiological effects.3 Insulin resistance is an evident,
prevalent,  and  early  modification  in  chronic  kidney  disease
cases, even when the glomerular filtration rate (GFR) is in the
established normal range.4 As GFR levels decrease, IR becomes
more frequent, and it consistently manifests in individuals with
end-stage renal disease-it is nearly ubiquitous in such cases.5

The hyperinsulinemic-euglycemic clamp (HIEC) is currently the
established  gold  standard  for  identifying  IR.6  However,  this
approach is complex and time consuming and has limited rele-
vance under research conditions. The triglyceride (TyG) and
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glucose index, computed using fasting plasma glucose and trig-
lyceride levels, is a straightforward, cost-effective, and readily
accessible IR marker. Recent research suggests that TyG may
be a usable alternative IR marker.6 Additionally, new indirect IR
indices obtained using TyG and anthropometric values ​​were
introduced and found to have an essential value in diagnosing
metabolic syndrome.7 Evidence has shown that the metabolic
score for IR (METS-IR), another new score for evaluating IR, is
also associated with fasting insulin levels and that high METS-IR
scores represent a maximum risk of developing Diabetes.8

It is known that there is a tendency for decreased insulin sensi-
tivity in patients following donor nephrectomy.9,10 It has also
been shown that the TyG index increases more and the eGFR
decreases more in donors than in healthy people.11

The aim of this study was to investigate the correlation between
simple indices for assessing IR and early renal function after
donor  nephrectomy  and  examine  the  potential  of  these  IR
indices values as risk factors.

METHODOLOGY

This  retrospective  study  was  conducted  after  obtaining
approval from the institutional Ethics Board of the Ufuk Univer-
sity Faculty of Medicine in compliance with the 1964 Declara-
tion  of  Helsinki  and  its  subsequent  amendments  (Date:
11.11.2021,  decision  no:  2021.11.11.01/14).  Patients  who
underwent  open  donor  nephrectomies  and  had  follow-ups
between January 2016 and August 2021 were retrospectively
evaluated. All patients who fulfilled the kidney donation criteria
and underwent surgery were included in this study. Patients
who did not undergo postoperative follow-up examinations at
the institution and for whom results were inaccessible were
excluded from the study.

Data were collected from the patients’ medical records. The
living donors were the first- and second-degree relatives of the
respective  kidney  transplant  recipients.  The  preoperative
fasting glucose, serum triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C), and haemaglobinA1c (HbA1c) anal-
ysis results of all patients using standard methods, as well as
body  mass  index  (BMI),  were  computed  using  the  patients’
recorded  heights  and  weights.  Using  the  Chronic  Kidney
Disease  Epidemiology  Collaboration  (CKD-EPI)  equation  in
accordance with the Kidney Disease guidelines, the estimated
glomerular filtration rate (eGFR) levels from laboratory exami-
nations during both the preoperative and one-month postopera-
tive control periods were calculated for white men and women,
as all donors belonged to the white ethnicity.12 The decrease
rates for the preoperative and postoperative eGFR values ​​were
expressed  as  percentages.  In  this  retrospectively  designed
study, IR indices were selected from formulae defined in the liter-
ature and which could be calculated from the data of routine
blood analyses of patients. The IR indices mentioned in the litera-
ture were calculated using the following formulae:13 TyG = Ln
[fasting  TG  (mg/dL) × FPG  (mg/dL)/2];  TyG-BMI = TyG × BMI;
TG/HDL-C = fasting  TG  (mg/dL)/fasting  HDL  cholesterol

(mg/dL);  and  METS-IR = Ln  [(2 × FPG  (mg/dL) + fasting  TG
(mg/dL)] × BMI (kg/m2))/(Ln[HDL-C (mg/dL]).

The correlations between all variables and the rates of decrease
in eGFR were investigated. Additionally, patients were segre-
gated into two categories: Group 1 with less than 30% decrease
and Group 2 with more than 30% decrease in eGFR values in the
postoperative  first  month  period.  An  assessment  was
conducted to determine any disparity between the two groups
regarding the variables.

All data analyses were processed using SPSS software version
22.0 (IBM SPSS Statistics, IBM Corporation, Armonk, NY, USA).
The distribution of data was examined using the Kolmogorov–S-
mirnov test. Categorical data were expressed as counts with
percentages, while normally distributed continuous variables
were shown as mean ± standard deviation (SD), and non-nor-
mally distributed continuous variables were shown as median
and interquartile range (IQR). The relationship between vari-
ables and the eGFR decrease rate was evaluated using Spear-
man’s correlation. Group comparisons were analysed with an
independent t-test or a Mann–Whitney U-test. A p < 0.05 was
considered statistically significant.

RESULTS

A total of 107 patients were included in the concluding analyses.
The average age of the patients was 46.82 ±12.82 years; 69
(64.4%) were females, and 38 (35.5%) were males. None of the
patients had metabolic syndrome or diabetes or other systemic
diseases, except for controlled hypertension in 5 patients and
hypothyroidism in another 5 patients in 4 due to thyroidec-
tomy). While the mean preoperative eGFR value was 99.71 ±
15.66 mL/min/1.73m2, the mean eGFR value during the first
postoperative month was 68.16 ± 14.78 mL/min/1.73m2. The
decrease rate in the mean eGFR was calculated as 31.81% ±
8.87% (median; IQR 33.09; 25.55 – 38.64). The demographic
traits of the study cohort and laboratory values are shown in
Table I as mean and percentage values.
Table  I:  General  characteristics  of  the  study  population.

Age (years) (mean ± SD) 46.82 (±12.84)
Gender (male/female, %) 38 (35.5%) / 69 (64.4%)
Side (right/left, %) 20 (18.6%) / 87 (81.3%)
BMI (mean ± SD) 27.51 (±4.84)
Preoperative eGFR (mL/min/1.73m2) (mean ± SD) 99.71 (±15.66)
Postoperative eGFR (mL/min/1.73m2) (mean ± SD) 68.16 (±14.78)
Fasting plasma glucose (mg/dL) (mean ± SD) 92.06 (±9.93)
HbA1c (%) (mean ± SD) 5.48 (±0.52)
Triglycerides (mg/dL) (median, IQR) 107 (78–165)
HDL-C (mg/dL) (median, IQR) 47 (39–57.8)
TyG (mean ± SD) 4.62 (±0.28)
TyG-BMI (mean ± SD) 127.61 (±24.86)
TG/HDL-C (median, IQR) 2.28 (1.6-3.82)
METS-IR (mean ± SD) 41.06 (±8.6)
eGFR decrease rate (%) (median, IQR) 33.09 (25.55 – 38.64)

When the correlations of eGFR decrease rate with other vari-
ables were examined, weak positive correlations with age, trig-
lyceride, HDL-C, TyG, TG/HDL-C, and METS-IR were found (Table
II). A scatter plot of the IR indices that were significantly corre-
lated with the rate of eGFR decline is shown in Figure 1.
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In the groups separated according to eGFR decrease rate, no
statistically significant associations with age, BMI, FPG, HbA1c,
TG, HDL-C, TyG, TyG-BMI, TG/HDL-C, and METS-IR were observed
between the groups (p > 0.05, Table III).
Table  II:  Correlations  between  eGFR  decrease  rate  and  variables.

 eGFR decrease rate
Age p

r
0.01*
0.24

BMI p
r

0.1
0.15

Fasting plasma glucose p
r

0.58
0.05

HbA1c p
r

0.06
0.18

Triglyceride p
r

0.04*
0.19

HDL-C p
r

0.04*
-0.19

TyG p
r

0.04*
0.19

TyG-BMI p
r

0.05
0.19

TG/HDL-C p
r

0.02*
0.21

METS-IR p
r

0.02*
0.21

*p <0.05
 

Figure  1:  Scatter  plot  of  eGFR  reduction  rate  and  IR  indices.

Table  III:  Comparison  of  IR  indexes  and  variables  in  groups  separat-
ed by  eGFR  decrease  rate.

 Group 1 (n = 45)
(eGFR decrease
rate <30%)

Group 2 (n = 62)
(eGFR decrease
rate ≥30%)

p-value

Age (years)
(mean ± SD)

44.4 (±13.86) 48.58 (±11.85) 0.09 a

BMI (mean ± SD) 27.12 (±5.68) 27.79 (±4.16) 0.47 a

Fasting plasma glucose
(mg/dL) (mean ± SD)

91 (±10.68) 92.82 (±9.36) 0.35 a

HbA1c (%)
(mean ± SD)

5.37 (±0.51) 5.56 (±0.52) 0.06 a

Triglycerides
(mg/dL) (median, IQR)

103 (74–147) 114 (83–176) 0.41 b

HDL-C
(mg/dL) (median, IQR)

48.6 (43.5–57.9) 44.8 (38.15–57.2) 0.31 b

TyG
(mean ± SD)

4.59 (±0.29) 4.65 (±0.27) 0.34 a

TyG-BMI
(mean ± SD)

124.92 (±27.78) 129.57 (±22.53) 0.34 a

TG/HDL-C
(median, IQR)

2.3 (1.59–3.4) 2.24 (1.59–4.3) 0.39 b

METS-IR
(mean ± SD)

40.08 (±9.25) 41.78 (±8.1) 0.31 a

a Independent t-test,  b Mann–Whitney U-test.
 

DISCUSSION

Insulin resistance is defined as the inability of fat, muscle, and
liver cells to generate a necessary or adequate response to
insulin released by the pancreas. The association of chronic
kidney disease with IR, even in the absence of diabetes, has long
been known.5 The effective mechanism of IR in kidney injury
involves activating the sympathetic nervous system, retaining
sodium, diminished sodium-potassium adenosine triphospha-
tase  activity,  and  worsening  renal  haemodynamic  through
increased GFR.14 It has been suggested that IR plays an essen-
tial role in the pathogenesis of Type 2 Diabetes and the develop-
ment of microvascular complications associated with it.15

Insulin resistance reportedly is both a marker of microalbumin-
uria and a factor contributing to the development of microalbu-
minuria in non-diabetic individuals.16 In fact, it is known that the
presence of albuminuria is also an important marker for the risk
of developing end-stage renal disease.

A few epidemiological studies reported a positive association
between IR and the risk of microalbuminuria in non-diabetic
patients.16,17 In a 6-year prospective study of a small population,
Fujikawa  et  al.  showed  that  HOMA-IR  levels  were  notably
elevated in participants who developed microalbuminuria or
proteinuria.16 They also deduced that insulin resistance mani-
fests before the onset of microalbuminuria. In the Insulin Resis-
tance Atherosclerosis Study, Mykkanen et al., investigating the
correlation between insulin sensitivity and microalbuminuria
using a cross-sectional design, reported that decreased insulin
sensitivity levels were associated with an increased prevalence
of microalbuminuria.17  Given the retrospective nature of the
study, the evaluation of albuminuria levels was not feasible.
Nevertheless, the examination of eGFR reduction rates, along-
side findings from other studies, led to results for the hypoth-
esis, and an attempt was made to draw conclusions regarding
the outcomes of the study.
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The correlation between IR and the risk of chronic kidney disease
(CKD)  has  been  evaluated  in  several  published  studies.  The
Uppsala Longitudinal Study of Adult Men (ULSAM) and Strong
Heart Study (SHS) concluded that IR suggests high CKD risk.18,19

However,  controversial  results  have been reached in  studies
investigating the relationship  between IR  and eGFR.  A  study
conducted in a population of non-diabetic middle-aged adults
demonstrated that CKD risk ratios, evaluated via eGFR calcula-
tions in HOMA-IR quartiles, increased.20  Similarly, it has been
shown that insulin sensitivity evaluated by oral glucose tests in
an elderly population is inversely proportional to eGFR.21

Contrary to these results, Park et al., in a study conducted on
17,157  non-diabetic  individuals  who  underwent  voluntary
routine health check-ups, concluded that there was no signifi-
cant correlation between decreased kidney function and IR evalu-
ated with HOMA-IR.22 Moreover, a study by Mohteshamzadeh et
al. performed on a smaller number of normoglycemic men with
treated hypertension showed no relation between IR and eGFR at
5-year follow-up.23

There are studies in the literature with small populations. Tanri-
over et al. showed a tendency for a short-term decrease in insulin
sensitivity as assessed by HOMA-IR after donor nephrectomy,
especially in obese donors.9 Shehab-Eldin et al. compared donors
with healthy individuals in their study evaluating renal function
and reported a significant decrease in GFR while IR increased in
donors.  They  found  no  correlation  between  IR  and  spot  GFR
assessed in the first year in the donor group.10 However, preopera-
tive and postoperative GFR evaluation was not performed as in
this study. In a cohort study of Wuttiputhanun et al., the TyG
index of donors increased more than controls, the eGFR of 77
donors  decreased more than controls,  and insulin  resistance
increased after donor nephrectomy compared to healthy individ-
uals  at  1-year  follow-up.  They  concluded  that  kidney  donors
should be informed about these metabolic changes and told to
comply with lifestyle recommendations that may reduce insulin
resistance.11  The  study  found a  weak  correlation  between IR
indices and renal function.

Studies have shown that eGFR, which occurs shortly after donor
nephrectomy, decreases by up to 28% and stabilises kidney func-
tions approximately 1 month later.24 Further, it is known that 1
year after the operation, kidney functions decrease to about 30%
of preoperative values.25 Based on this information, the study
established a 1-month follow-up period as the stabilisation phase
for kidney functions, with the eGFR reduction rate of 30% serving
as the criterion for segregating the groups. However, the study
failed to discern a statistical disparity between the two groups
concerning the variables. Partial validation was observed to anti-
cipate  that  eGFR  values  would  undergo  a  more  pronounced
decrease in conjunction with heightened insulin resistance after
donor nephrectomy.

There are several limitations to the study. As this is a retrospec-
tive study, its outcomes are limited. This design limitation also
leads to drawbacks, such as the inability to assess microalbumin-
uria due to the retrospective nature of the study. Simple, inexpen-

sive, and easily applicable indices that can be obtained from
routine blood analysis were used instead of the gold standard
euglycemic  clamp  in  the  evaluation  of  IR.  The  fact  that  the
patients had not yet been diagnosed with other etiologic causes
of IR may have caused us to find a significant association in the
limited results of our study. Also, since donor nephrectomy is a
surgery  performed  on  healthy  individuals  and  thus  many
patients do not have long-term follow-ups, analyses were made
with early-term GFR values. This study contributes to the existing
knowledge in the literature, as well as guiding future research on
this topic.

CONCLUSION
While  there  are  guidelines  for  evaluating  current  risks  in
selecting living kidney donors, some findings are controversial.
Insulin resistance may be an evaluation parameter for donor
candidates. With the limited results obtained in this study, it is
suggested that a higher IR may be associated with the loss of post-
operative renal functions. Hence, large-scale prospective cohort
studies are required for the confirmation of these results, and
further research is required to elucidate the potential pathophysi-
ological mechanisms underlying the cause-and-effect relation-
ship between IR and renal functions in non-diabetic individuals.
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