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Non-linear associations of HOMA2-IR with all-
cause mortality in general populations:
insights from NHANES 1999-2006

Check for
updates

Aikai Zhang', Lingchen Huang? and Min Tang"”

Abstract

Background The association between homeostatic model assessment (HOMA2-IR) and mortality in obese and non-
obese populations has not been clearly explained.

Methods A total of 7,085 individuals aged > 20 years from the 1999-2006 National Health and Nutrition Examination
Survey were included in the study. Study endpoints were all-cause and cardiovascular mortality. Multivariate Cox
proportional hazards regression models with restricted cubic spline analysis were used for analysis.

Results In the study populations, a total of 1666 all-cause deaths and 555 cardiovascular (CV) deaths were recorded
during a mean follow-up of 195.53 months. Notably, a significant difference in obesity was observed in the association
between HOMA2-IR and mortality. After adjustment for multiple variables, HOMA2-IR was positively associated with
all-cause mortality in all participants, in those with normal BMI, and in those with obesity. Conversely, tertile 2 of
HOMA2-IR was associated with a lower risk of all-cause mortality in participants with obesity compared with tertile 1
(adjusted hazard ratio, 0.68; 95% confidence interval, 0.52-0.89; P=0.005). Results from restricted cubic spline analysis
showed a J-shaped association between HOMA2-IR and all-cause and CV mortality. In addition, a nonlinear U-shaped
correlation with all-cause (P for nonlinear <0.001) and CV (P for nonlinear=0.002) mortality was observed in the
population with obesity, with inflection points of HOMA2-IR identified at 1.85 and 1.75. Below the inflection point of
1.85, a negative relationship between HOMA2-IR and all-cause mortality was observed.

Conclusions Elevated HOMA2-IR showed a notable correlation with increased risk of all-cause mortality. It was
noteworthy that excessively reduced levels of insulin resistance showed a distinct association with increased mortality
in individuals with obesity.
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Introduction

Insulin resistance (IR) is emerging as an important factor
associated with increased susceptibility to cardiovascu-
lar (CV) disease and type 2 diabetes mellitus (T2DM). In
addition, IR is a central component within the diagnostic
framework of metabolic syndrome (MS) [1]. The preva-
lence of MS has been steadily increasing, in line with the
rising prevalence of obesity worldwide [2].

The association of homeostatic model assessment
(HOMAZ2-IR) was updated in 1998 and has been proved
to perform better than the original HOMA in assessing
IR or B-cell function and predicting T2DM progression
[3, 4]. This refined model has been carefully recalibrated
to account for shifts in plasma glucose-insulin dynamics,
particularly in cases where fasting plasma glucose (FPG)
exceeds the 10 mmol/L threshold. The distinguishing
feature of HOMAZ2-IR is that it illuminates the intricate,
non-linear interplay between plasma glucose, insulin,
and IR, providing a more comprehensive understand-
ing of these complex relationships [5]. The discrimina-
tory threshold of HOMAZ2-IR for the identification of IR
remained fixed at 1.7. Notably, within the cohort of non-
diabetic participants included in the Brazilian Metabolic
Syndrome Study, an alternative threshold of 1.8 emerged
as the recommended cut-off point for distinguishing IR
by HOMA2-IR assessments [6, 7].

Obesity orchestrates a peculiar landscape character-
ized by elevated visceral adipose tissue, precipitating
the release of an excessive cadre of free fatty acids, reac-
tive oxygen species, and pro-inflammatory cytokines
into extrinsic domains beyond adipose reserves. The
resulting effects manifest as a disruption in the seam-
less choreography of insulin within intricate signaling
pathways, thereby disrupting the delicate balance of glu-
cose homeostasis and promoting the emergence of wide-
spread systemic insulin resistance [8].

Previous studies have shown that both metabolically
healthy obesity and metabolically abnormal obesity were
associated with an increased risk of mortality compared
with their healthy counterparts. Notably, within the obe-
sity domain, the dynamics of all-cause and CV mortality
remained relatively stable regardless of metabolic health
[9]. In individuals with a body mass index (BMI)<25 kg/
m2, the risk of stroke and myocardial infarction was even
higher in the highest quartile of IR than in the subgroup
with a BMI=25 kg/m2 [10]. Reduced IR levels showed a
striking correlation with reduced fasting glucose concen-
trations, a dynamic that could have potentially adverse
implications. Taken together, these studies revealed a
labyrinthine interrelationship among BMI, IR, and met-
abolic processes that exerts a multifaceted influence on
mortality outcomes.

However, there is a lack of studies to elaborate on
the long-term effects of IR, especially low IR level, in
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individuals contending with obesity. Here, data from
the National Health and Nutrition Examination Survey
(NHANES) were collected to investigate the effect of low
HOMAZ2-IR levels on mortality in the individuals with
obesity.

Methods

Study design and population

The data used in this study were all from the 1999-2006
NHANES database. NHANES is a periodic cross-sec-
tional health survey program that uses a complex mul-
tistage probability sampling design to assess the health
and nutrition status of adults and children in the United
States. The Ethics Review Board of the National Cen-
ter for Health Statistics approved the research protocol.
Written informed consent was signed by all participants.
This study followed the reporting guideline Strengthen-
ing the Reporting of Observational Studies in Epide-
miology [11]. NHANES data used in this study can be
extracted from DataDryad (https://doi.org/10.5061/
dryad.d5h62).

Of the 41,474 participants in NHANES between 1999
and 2006, we excluded 21,163 participants who were less
than 20 years old. We also excluded participants with:
(1) pregnancy status or tumor (n=2946); (2) missing
fasting serum insulin and glucose data (n=10,040); (3)
missing BMI data (n=151); (4) extreme BMI (BMI<15
or BMI>60) (n=11); (5) noncalculable HOMA2-IR (fast-
ing serum glucose<3. 0 mmol/L or >25 mmol/L, fasting
serum insulin<20 pmol/L or >400 pmol/L) or extreme
HOMA2-IR (up to 1%) (n=69); (5) missing survival
data (n=9). The final study included 7085 adult subjects
(Fig. 1).

Exposure variable and outcome variables

The exposure variable was the HOMAZ2-IR, which
was mathematically derived from the calculator
obtained from the website(https://www.dtu.ox.ac.uk/
homacalculator/). Based on the value of HOMA2-IR,
all individuals were divided into three tertiles: ter-
tile 1(HOMA2-IR<0.82), tertile 2(0.82<HOMA2-
IR<1.45), tertile 3(HOMAZ2-IR>1.45). Participants with
BMI<25 kg/m2 were defined as having normal BML
Participants with BMI>25 and <30 kg/m2 were defined
as overweight. Participants with BMI=30 kg/m2 were
defined as obese. The study endpoint was all-cause and
CV mortality. All-cause mortality was caused primar-
ily by heart disease, malignant neoplasms, chronic lower
respiratory disease, and cerebrovascular disease. CV
mortality was caused by heart disease and cerebrovascu-
lar disease. Death data were extracted from the National
Center for Health Statistics 2019 public-use linked mor-
tality files.
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NHANES 1999-2006
n=41474
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Aged less than 20 years, n=21163;
Pregnancy or tumor status, n=2946

Excluded:

NHANES 1999-2006
17365 subjects included

Missing data of insulin, glucose and BMI,
n=10191

Excluded:

NHANES 1999-2006

7174 subjects included

NHANES 1999-2006

BMI>60 or <15, n=11;
Uncalculable or excessive HOMA2-IR , n=69;
Missing survival data, n=9

Excluded:

7085 subjects included

Fig. 1 Flow chart of participants included from the NHANES 1999-2006

Covariates

All participants were measured for height, waist cir-
cumference (WC), weight, and systolic blood pressure
(SBP) by trained examiners at the mobile examination
center. Blood pressure was measured three times to
obtain an average. BMI was calculated using the follow-
ing formula BMI=body weight (kg)/height* (m?). Fasting
venous blood samples were collected for measurement
of total cholesterol (TC, mmol/L), high-density lipopro-
tein cholesterol (HDL-C, mmol/L), serum creatinine
(SCr, umol/L), glucose (mmol/L), and insulin (pmol/L)
according to NHANES quality assurance and quality
control protocols. Estimated glomerular filtration rate
(eGFR) was calculated using the 4-variable MDRD equa-
tions [12]. Education level was categorized as less than
high school, high school or equivalent, college or higher.
Poverty ratio was calculated as the ratio of monthly fam-
ily income to the poverty line and divided into 3 groups:
<1.0, 1.0-2.0, and >3.0. Marital status was divided into
married, never married and other marital status (wid-
owed, divorced, separated and living with partner) [13].
Participants were classified as never smokers (smoked
less than 100 cigarettes in lifetime), former smokers
(smoked>100 cigarettes in lifetime but did not smoke
currently), and current smokers (average current smok-
ing>1/day) [14]. There were five races, including Mexi-
can American, other Hispanic, non-Hispanic white,
non-Hispanic black, and other race. Hypertension was
defined as self-reported history of hypertension or use
of antihypertensive medication. Diabetes mellitus was
defined as self-reported status of diabetes mellitus diag-
nosis, current use of hypoglycemic therapy, or glycosyl-
ated hemoglobin (HbAlc) level=26.5%, FPG level>7.0
mmol/L.

Statistical analysis

Baseline characteristics are presented as weighted means
and standard deviations (SDs) for continuous variables.
Unweighted numbers and weighted proportions were
also presented for categorical variables. The test for dif-
ferences in categorical variables was the chi-squared test
with Rao & Scott’s second order correction. The signifi-
cant difference between the baseline data of the groups
was determined by the t-test for data with normal dis-
tribution and by the Mann-Whitney U test for data with
skewed distribution. Adjusted variables in multivariate
Cox regression models were based on clinical correlation,
and the final regression model was determined based on
the number of events [15]. The results of COX regression
analysis were expressed as hazard ratio (HR) and 95%
confidence interval (CI). Restricted cubic spline was used
to analyze the nonlinear association of HOMAZ2-IR with
HR of all-cause mortality and CV mortality. Propensity
score matching was performed at a ratio of 1:1:1 for sta-
tistical adjustment of original participant data in three
groups. All statistical analysis for this study was com-
pleted by R (version 4.2.2, http://www.R-project.org) and
STATA (versionl7). Two-sided P<0.05 indicated statisti-
cally significant.

Results

Baseline characteristics

A total of 7,085 eligible participants aged 20 years or
older were enrolled into the study cohort. The baseline
characteristics of this diverse assembly were categorized
based on distinct HOMAZ2-IR tertiles. The weighted
mean age of the study participants was 45.14+15.97
years, with females representing 49.30% of the weighted
composition, for a total of 3,434 individuals. Within this
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cohort, a notable subset of 797 participants were diag-
nosed with diabetes mellitus, representing a weighted
percentage of 7.85%. Compared with participants in ter-
tile 2, those in tertile 3 had a higher prevalence of older
age, fewer females, less non-Hispanic white ethnicity, less
college education, and higher BMI, WC, SBP, HbA1C,
FPG, and fasting insulin. In addition, a higher proportion
of individuals in tertile 3 had a diagnosis of hypertension
and diabetes mellitus. Notably, individuals in tertile 3 had
increased use of antihypertensive, hypoglycemic, and
lipid-lowering medications (Table 1).

HOMAZ2-IR and mortality

Before multivariate-adjusted Cox regression analysis,
we confirmed that all covariates met the proportional
hazards assumption. In the first model (model 1), a dis-
cernible association between HOMA2-IR and all-cause
mortality emerged. This association persisted even after
extensive adjustment for a constellation of variables,
including smoking status, educational attainment, family
income, marital status, blood pressure, BMI, blood lipid
levels, and other relevant factors. Specifically, HOMA2-
IR remained statistically significant and positively associ-
ated with all-cause mortality (HR:1.15;95%CI:1.07-1.24).
After HOMA2-IR was divided into three tertiles and
included in the model, compared with the tertilel ref-
erence in the fully adjusted model, the risk of all-cause
mortality was significantly reduced in participants with
obesity in tertile 2 (HR:0.68;95%CI1:0.52—0.89) (Table 2).
Notably, the initially observed association between
HOMAZ2-IR and CV mortality lost statistical significance
in the fully adjusted model (Table 3). In the stratified anal-
ysis, the significant association between HOMA2-IR and
all-cause mortality was present in all subgroups except
for male participants. There was a significant interaction
between HOMAZ2-IR and age for all-cause mortality (P
for interaction=0.016) (Figure S1). In participants with-
out diabetes, HOMA2-IR was still positively associated
with all-cause mortality (HR:1.12;95%CI:1.03-1.22). Ter-
tile 2 of HOMAZ2-IR showed decreased risk of all-cause
mortality in participants without diabetes with obesity
compared to tertile 1 (HR:0.72;95%CI1:0.52—0.98) (Table
S1). After we divided the participants into three tertiles
based on WC, a decreased risk of all-cause mortality was
observed in tertile 2 of HOMAZ2-IR among participants
with the highest WC tertile (HR:0.74;95%C1:0.60-0.92)
(Table S3). When we divided the study population into
three tertiles based on the TG/HDL-C ratio, another indi-
cator of insulin resistance, the risk of all-cause mortality
remained significantly reduced in tertile 2 of HOMA2-
IR among participants with the highest tertile of TG/
HDL-C (HR:0.78;95%CI:0.61-1.00) (Table S5). Propensity
score matching was used to adjust for demographic and
clinical characteristics for the three groups (Table S7).
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Among propensity score matched participants, a similar
reduction in all-cause mortality was observed in tertile 2
of participants with obesity (HR:0.58;95%CI:0.42—-0.79)
(Table S8). No similar result was found in the analysis for
CV mortality (Table S2, 4, 6, 9).

Non-linear relationships in obese participants

In the fully adjusted model, restricted cubic spline unrav-
eled a nonlinear J-shaped association between HOMA?2-
IR and all-cause mortality (P for nonlinearity<0.001).
This intricate pattern revealed that the risk of all-cause
mortality showed relative stability until a threshold
around 1.87 of HOMA2-IR was reached, after which it
began to rise. A linear association was observed between
HOMAZ2-IR and CV mortality (P for nonlinearity=0.072)
(Fig. 2). Participants were then divided into three groups
based on BMI. The strong U-shaped relationship of
HOMAZ2-IR with all-cause mortality in participants with
obesity indicated a substantial risk reduction before a
threshold of 1.85 of HOMA2-IR, followed by a subse-
quent increase (P for nonlinearity<0.001). In the lower
range of HOMAZ2-IR in participants with obesity, a grad-
ual reduction in CV mortality risk was observed, extend-
ing to approximately 1.75 (P for nonlinearity=0.002)
(Fig. 3).

Discussion
In our study, we found a remarkable positive association
between HOMAZ2-IR and all-cause mortality. In addition,
we categorized HOMAZ2-IR into three tertiles. Of par-
ticular importance, our investigation revealed a distinct,
non-linear, U-shaped association between HOMA2-IR
and both all-cause and CV mortality in the obese popu-
lation. This intricate pattern delineated a unique trajec-
tory in which mortality risk gradually decreased before
reaching a nadir and subsequently increased, provid-
ing a nuanced perspective on the complex relationship
between insulin resistance and mortality outcomes in the
context of obesity. To the best of our knowledge, this is
the first study to evaluate the nonlinear correlations of
HOMA2-IR with mortality in the obese population.
Many previous studies have shown that elevated lev-
els of insulin resistance were positively associated with
all-cause and CV mortality in both general and specific
populations [16, 17]. In young and middle-aged Chi-
nese, participants who progressed to T2D had higher
HOMAZ2-IR, an indicator of insulin resistance, while
T2DM patients with glycemic worsening had higher
HOMAZ2-IR and lower HOMA2-B [18]. A positive asso-
ciation between HOMAZ2-IR and all-cause mortality was
observed in our study, which is similar to previous stud-
ies. Higher levels of insulin resistance index were signifi-
cantly associated with reduced eGFR and chronic kidney
disease [19, 20]. Levels of estimated glucose disposal rate
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Table 1 The demographic and clinical characteristics of study population by baseline HOMA2-IR.
Characteristics Overall HOMA2-IR

Tertile 1 Tertile 2 Tertile 3 Pvalue
Participants 7085 2356 2351 2378
Age(years) 4514+1597 43.89+15.70 4473+16.18 4701+1586" <0.001
Male, n (%) 3651(50.70) 1205(47.96) 1187(49.86) 1259(54.71) * <0.001
Race, n (%) <0.001
Non-Hispanic White 3407(70.99) 1306(76.11) 1145(7094) 956(65.38) *
Mexican American 1647(7.70) 416(5.77) 566(7.86) 665(9.67)
Non-Hispanic Black 1477(11.14) 465(9.78) 430(9.61) 582(14.42)
Other Hispanic 296(5.55) 69(3.12) 119(6.92) 108(6.66)
Other Race 258(4.61) 100(5.21) 91(4.68) 67(3.88)
Education level, n (%) <0.001
High school or equivalent 3580(56.29) 1178(52.94) 1192(57.41)" 1210(58.68) *
Less than high school 2238(20.16) 648(17.16) 736(19.74) 854(23.96)
College or above 1267(23.56) 530(29.90) 423(22.85) 314(17.35)
Family income to poverty ratio, n 0.004
(%)
>18&<3 2972(36.57) 939(34.92) 967(36.04) 1066(39.01) *
>3 2889(51.19) 1018(54.62) 987(51.34) 884(47.21)
<1 1224(12.24) 399(10.46) 397(12.62) 428(13.78)
Marital status, n (%) 0.875
Married 3970(59.81) 1288(59.50) 1331(60.35) 1351(59.51)
Others 1952(23.64) 645(23.62) 641(22.90) 666(24.53)
Never married 1163(16.55) 423(16.88) 379(16.75) 361(15.96)
Smoking status, n (%) 0.002
Never 3624(49.94) 1175(49.24) 1205(49.59) 1244(51.11)
Former 1806(24.90) 538(22.09) 608(25.42) 660(27.41)
Current 1655(25.16) 643(28.67) 538(24.99) 474(21.48)
BMI (kg/m?) 27.00(23.70,31.09) 23.88(21.58,26.47) 26.96(24.40,30.23) " 31.50(28.01,36.01) ¥ <0.001
WC (cm) 95.00(84.80,105.50) 85.50(77.60,93.50) 95.00(87.00,103.00) * 106.70(97.60,116.30) ¥ <0.001
SBP (mmHg) 119.33(110.00,132.00)  115.33(106.67,127.33)  11867(110.00,131.33) " 124.00(114.67,13467) ¥ <0001
DBP (mmHg) 723741098 70.54+10.64 724741046 7427 +11.60% <0.001
Hypertension, n (%) 2200(25.92) 527(16.66) 685(23.88) " 988(38.54) <0.001
Diabetes, n (%) 797(7.85) 110(2.75) 181(4.92)" 506(16.87) * <0.001
Antihypertensive drugs, n (%) 1537(18.17) 333(9.88) 478(16.50) " 726(29.46) <0.001
Glucose-lowering drugs, n (%) 426(3.86) 54(1.23) 98(2.40) 274(8.52) * <0.001
Lipid-lowering drugs, n (%) 840(12.11) 193(7.04) 282(11.82)" 365(18.28) * <0.001
HbA1C (%) 5.30(5.10,5.50) 5.20(5.00,5.40) 5.22(5.00,5.50) 5.50(5.20,5.80) <0.001
Glucose (mmol/L) 5.32(4.96,5.74) 5.07(4.79,5.38) 5.33(4.99,5.69) " 5.66(5.26,6.26) * <0.001
Insulin(pmol/L) 54.30(36.83,84.90) 31.50(24.30,37.20) 55.93(48.84,65.34) " 109.29(8844,144.66) ¥ <0.001
TC (mmol/L) 5.14+106 502+1.03 516+1.04" 524+1.10" <0.001
LDL-C (mmol/L) 3.15+095 3014091 3214092 3.25+099" <0.001
HDL-C (mmol/L) 1.27(1.06,1.56) 1.45(1.22,1.76) 1.24(1.06,1.53) " 1.11(0.95,1.32) ¥ <0.001
TG (mmol/L) 1.21(0.82,1.80) 0.90(0.67,1.28) 1.24(0.86,1.71) " 1.65(1.16,2.39) ¥ <0.001

eGFR(ml/min/1.73m?) 100.84+29.10 9947 £26.25 101.61+£29.74 101.47+31.22 0.178

HOMA2-IR homeostatic model assessment, BM/body mass index, WCwaist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, HbA1C glycosylated
hemoglobin, TC total cholesterol, LDL-C low-density lipoprotein, LDL-C high-density lipoprotein, TG triglycerides, eGFR estimated glomerular filtration rate. Weighted
means and standard deviation (SD) for continuous variables. Unweighted numbers and weighted proportions for categorical variables. *: P value between tertile1
and tertile2<0.05. #: P value between tertile1 and tertile3<0.05. £: P value between tertile2 and tertile3<0.05

(eGDR) were independently associated with micro- or
macroalbuminuria, the albuminuric diabetic kidney dis-
ease (DKD) phenotypes, eGFR, and the non-albumin-
uric DKD phenotype [21]. In patients with obesity, the
level of insulin resistance correlated with nonalcoholic

steatohepatitis [22]. In females with breast cancer, ele-
vated HOMA scores were associated with increased
cancer-cause all-cause mortality after adjustment for
potential confounders [23]. Endogenous insulin receptor/
insulin-like growth factor-I receptor/Akt may mediate
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Table 2 The associations of HOMA2-IR with all-cause mortality in study participants
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HOMA2-IR Events, n (%) HR (95% CI), P value

Model 1 Model2 Model3
All-cause mortality
All participants
Per SD 1666(23.5%) 1.21(1.13-1.29) <0.001 1.21(1.13-1.28) <0.001 1.15(1.07-1.24) <0.001
Tertile 1 519(22.0%) Ref. Ref. Ref.
Tertile 2 520(22.2%) 1.01(0.86-1.19) 0.890 1.03(0.88-1.22) 0.682 0.96(0.81-1.13) 0.606
Tertile 3 627(26.4%) 1.14(0.96-1.36) 0.133 1.17(0.99-1.39) 0.065 0.94(0.79-1.13) 0.540
P for trend 0.127 0.063 0.544
BMI <25 kg/m2
Per SD 506(22.6%) 1.16(1.02-1.31) 0.019 1.15(1.03-1.29) 0.014 1.14(1.04-1.26) 0.007
Tertile 1 159(21.5%) Ref. Ref. Ref.
Tertile 2 147(19.9%) 0.88(0.63-1.23) 0452 0.91(0.64-1.29) 0.598 1.06(0.73-1.54) 0.745
Tertile 3 200(26.2%) 1.05(0.79-1.40) 0.749 1.07(0.79-1.46) 0.653 1.19(0.83-1.70) 0337
P for trend 0611 0.547 0.309
25<BMI <30 kg/m2
Per SD 621(24.4%) 1.18(1.08-1.28) <0.001 1.15(1.04-1.26) 0.006 1.12(1.00-1.25) 0.061
Tertile 1 184(22.1%) Ref. Ref. Ref.
Tertile 2 190(22.4%) 1.13(0.87-1.46) 0.366 1.07(0.84-1.36) 0.564 1.06(0.82-1.38) 0.639
Tertile 3 247(28.6%) 1.13(0.88-1.46) 0326 1.08(0.86-1.37) 0511 0.97(0.77-1.23) 0818
P for trend 0.350 0.529 0.795
BMI =30 kg/m2
Per SD 539(23.5%) 1.27(1.14-1.42) <0.001 1.26(1.14-1.38) <0.001 1.12(1.01-1.25) 0.031
Tertile 1 174(22.9%) Ref. Ref. Ref.
Tertile 2 153(19.9%) 0.75(0.56-1.00) 0.048 0.73(0.56-0.96) 0.024 0.68(0.52-0.89) 0.005
Tertile 3 212(27.6%) 1.30(0.99-1.73) 0.064 1.27(0.97-1.66) 0.080 0.92(0.71-1.20) 0.538
P for trend 0.052 0.065 0.645

Model 1 was adjusted for age, gender, race; Model 2 was adjusted for age, gender, race, smoking status, education level, family income to poverty ratio, marital
status; Model 3was adjusted for age, gender, race, smoking status, education level, family income to poverty ratio, marital status, hypertension, diabetes, BMI, SBP,

LDL-C, HDL-C, TG, HbA1lc, eGFR

the effects in promoting tumorigenesis and progression
in animal models of insulin resistance [24]. The urinary
system, nervous system, motor system, digestive sys-
tem and tumor are all affected by insulin resistance and
serum glucose fluctuations, which may explain the stron-
ger significance of HOMA2-IR for all-cause mortality
than CV mortality. However, no significant association
between HOMAZ2-IR and CV mortality was observed in
our study. There were significant differences in the diag-
nostic yield of cardiometabolic diseases among different
tertiles of HOMAZ2-IR, as well as the use of antihyper-
tensive, hypoglycemic, and lipid-lowering medications,
which may affect the predictive power of HOMA2-IR for
CV mortality [25].

Our study showed a nonlinear U-shaped association
between HOMA2-IR and all-cause mortality in the popu-
lation with obesity. Compared with tertile 1 of HOMA2-
IR, tertile2 and tertile 3 did not show a significantly
elevated adjusted hazard ratio for all-cause mortality.
A previous study suggested that HOMA-IR was signifi-
cantly associated with all-cause mortality only in par-
ticipants with a BMI<25.2 kg/m?, but not in those with
a BMI>25.2 kg/m? [26]. In individuals without obesity,

IR may be caused by factors other than BMI, whereas
in individuals with IR associated with high BMI, IR did
not confer an independent additional risk of mortality. In
our study, the comparison between tertile 3 and tertile 2
did not show an increased risk of all-cause mortality in
individuals with obesity. This observation may be due to
the fact that the IR in the obese population was mainly
due to increased BMI. The triglyceride glucose index is
an indicator of insulin resistance, and the first and second
quartiles showed the increased risk of all-cause mortality
compared with the third quartile of the triglyceride glu-
cose index [27]. This finding is consistent with our study.
We found that excessively reduced levels of insulin
resistance were correlated with increased mortality in
individuals with obesity. We proposed several potential
mechanisms to explain our findings. Notably, lower IR
levels were associated with lower fasting glucose levels
[28, 29]. The increase in epinephrine caused by repeated
hypoglycemia promoted endometrial thickening and
smooth muscle cell proliferation in Goto-Kakizaki rats,
and glucose injection could inhibit hypoglycemia and
abolish endometrial thickening [30]. The U-shaped curve
suggested that both hypoglycemia and IR, represented
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Table 3 The associations of HOMA2-IR with CV mortality in study participants
HOMA2-IR Events, n (%) HR (95% CI), P value
Model 1 Model2 Model3

Cardiovascular mortality
All participants

Per SD 555(7.8%) 1.24(1.10-1.40) <0.001 1.24(1.11-1.39) <0.001 1.12(0.97-1.31) 0.130
Tertile 1 172(7.3%) Ref. Ref. Ref.

Tertile 2 166(7.1%) 0.95(0.74-1.22) 0.691 0.98(0.76-1.26) 0.859 0.86(0.65-1.13) 0.268
Tertile 3 217(9.1%) 1.22(0.92-1.61) 0.165 1.26(0.96-1.66) 0.098 0.91(0.63-1.30) 0.598
P for trend 0.147 0.089 0.621
BMI < 25 kg/m2

Per SD 148(6.6%) 1.17(0.96-1.43) 0.128 1.18(0.96-1.45) 0.121 1.15(1.00-1.33) 0.056
Tertile 1 47(6.3%) Ref. Ref. Ref.

Tertile 2 40(5.4%) 1.12(0.64-1.95) 0.702 1.12(0.61-2.05) 0.709 1.50(0.82-2.75) 0.189
Tertile 3 61(8.0%) 1.21(0.82-1.79) 0.343 1.20(0.79-1.83) 0.399 1.36(0.86-2.15) 0.195
P for trend 0.359 0417 0.244
25<BMI <30 kg/m2

Per SD 207(8.1%) 1.15(1.00-1.33) 0.053 1.11(0.97-1.28) 0.142 1.09(0.94-1.26) 0.252
Tertile 1 63(7.6%) Ref. Ref. Ref.

Tertile 2 63(7.4%) 0.96(0.65-1.41) 0.825 0.91(0.61-1.34) 0.619 0.89(0.59-1.34) 0573
Tertile 3 81(9.4%) 0.99(0.66-1.49) 0977 0.95(0.64-1.41) 0.785 0.85(0.54-1.34) 0491
P for trend 0.992 0813 0496
BMI =30 kg/m2

Per SD 200(8.7%) 1.25(1.02-1.53) 0.030 1.24(1.03-1.48) 0.022 1.06(0.85-1.32) 0.624
Tertile 1 74(9.8%) Ref. Ref. Ref.

Tertile 2 47(6.1%) 0.66(0.41-1.06) 0.084 0.65(0.42-1.00) 0.052 0.64(0.39-1.05) 0.078
Tertile 3 79(10.3%) 1.19(0.78-1.83) 0418 1.20(0.80-1.82) 0379 0.86(0.53-1.42) 0.566
P for trend 0.385 0.350 0611

Model 1 was adjusted for age, gender, race; Model 2 was adjusted for age, gender, race, smoking status, education level, family income to poverty ratio, marital
status; Model 3was adjusted for age, gender, race, smoking status, education level, family income to poverty ratio, marital status, hypertension, diabetes, BMI, SBP,
LDL-C, HDL-C, TG, HbA1lc, eGFR

A All-cause mortality B CV mortality
5-
P for overall<0.001 P for overall=0.014
P for nonlinear<0.001 P for nonlinear=0.072

s

©

3-

HR (95%Cl)

Q
I
red
2
o
T

4 4
HOMA2-IR HOMA2-IR

Fig. 2 Multivariable-adjusted hazard ratios for (A) all-cause and (B) CV mortality in general population based on restricted cubic spines for HOMA2-IR.
Adjusted model included age, gender, race, smoking status, education level, family income to poverty ratio, marital status, hypertension, diabetes, BMI,
SBP, LDL-C, HDL-C, TG, HbA1c, eGFR.

by low and high HOMAZ2-IR, may lead to adverse health There are several drawbacks to this study. First, we
outcomes. Clinicians can benefit specific groups in popu-  included only a subset of the population, and it could not
lation with obesity by targeting interventions to improve  be verified in the unselected population because of some
metabolic balance. missing insulin data. In addition, the mechanism of the

relationship between HOMA2-IR and mortality in people
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A All-cause mortality

P for overall<0.001
P for nonlinear<0.001

HR (95%Cl)

4
HOMA2-IR

Page 8 of 9

B CV mortality

P for overall=0.005
P for nonlinear=0.002

HR (95%Cl)
4

4
HOMA2-IR

Fig. 3 Multivariable-adjusted hazard ratios for (A) all-cause and (B) CV mortality among participants with obesity based on restricted cubic spines for
HOMAZ2-IR. Adjusted model included age, gender, race, smoking status, education level, family income to poverty ratio, marital status, hypertension,

diabetes, BMI, SBP, LDL-C, HDL-C, TG, HbA1c, eGFR.

with obesity could not be confirmed in this study and
needs to be explored by subsequent animal experiments.
Finally, HOMAZ2-IR may not reflect long-term levels of
insulin resistance when calculated from a single measure-
ment of plasma glucose and insulin concentrations.

Conclusions

HOMAZ2-IR stratification was associated with all-cause
mortality. Excessively low levels of IR were correlated
with increased mortality in individuals with obesity. It
may be worth noting that maintaining these levels above
excessively low thresholds could potentially be beneficial
in improving the well-being of populations with obesity.
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