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NHANES 1999–2018
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Nanchang, China
Background: This study examines the association between Hemoglobin

Glycation Index (HGI) and the risk of mortality among individuals with

hypertension and to explore gender-specific effects.

Methods: Data from the National Health and Nutrition Examination Survey

(NHANES) from 1999 to 2018 were analyzed. Three models were constructed

to assess the relationship between HGI and mortality risks, controlling for various

covariates. Nonlinear relationships were explored using restricted cubic splines

(RCS) and threshold effect analysis.

Results: The findings reveal a U-shaped relationship between HGI and the

cardiovascular disease (CVD) and all-cause mortality after adjusting for multiple

covariates. Gender- specific analysis indicated a U-shaped relationship in men,

with threshold points of -0.271, and 0.115, respectively. Before the threshold

point, HGI was negatively associated with CVD mortality (HR: 0.64, 95%CI: 0.44,

0.93, P=0.02) and all-cause mortality (HR: 0.84, 95%CI: 0.71, 0.99), and after the

threshold point, HGI was positively associated with CVD mortality (HR: 1.48, 95%

CI: 1.23, 1.79, P<0.01) and all-cause mortality (HR: 1.41, 95%CI: 1.24, 1.60). In

contrast, HGI had a J-shaped relationship with CVD mortality and a L-shaped

relationship with all-cause mortality in females. Before the threshold points, the

risk of all-cause mortality decreased (HR: 0.66, 95%CI:0.56, 0.77, P=0.04) and

after the threshold points, the risk of CVD mortality increased (HR: 1.39, 95%

CI:1.12, 1.72, P<0.01) progressively with increasing HGI.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2024.1401317/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1401317/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1401317/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1401317/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1401317/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1401317/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1401317&domain=pdf&date_stamp=2024-06-10
mailto:ciwujia@foxmail.com
https://doi.org/10.3389/fendo.2024.1401317
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1401317
https://www.frontiersin.org/journals/endocrinology


Shangguan et al. 10.3389/fendo.2024.1401317

Frontiers in Endocrinology
Conclusion: The research highlights the significance of maintaining proper HGI

levels in individuals with hypertension and validates HGI as a notable indicator of

cardiovascular and all-cause mortality risks. It also highlights the significant role

of gender in the relationship between HGI and these risks.
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1 Introduction

Hypertension is a prevalent chronic condition that has a

significant impact on worldwide health and longevity. It is a

major risk factor for cardiovascular diseases (CVD) and is a

leading cause of death and disability worldwide (1, 2). Prompt

identification and management of hypertension are crucial for

improving health and reducing medical burdens, despite facing

many challenges (3). Many patients are unaware of their

hypertension until serious complications arise, leading to delayed

or missed diagnoses (4, 5). Individual differences can cause patients

to react differently to the same blood pressure medication (6),

requiring tailored treatment approaches.

The Hemoglobin Glycation Index (HGI) measures how well an

individual’s body processes glucose by comparing their actual

glycated hemoglobin levels to what is expected (7). The HGI is

calculated as the difference between an individual’s observed HbA1c

and the HbA1c predicted by a linear regression equation based on

the individual’s fasting plasma glucose (FPG) level (8). This

regression equation is derived from a reference population and

the HGI is expressed in units corresponding to a Gaussian

distribution with a mean of 0 and a standard deviation of 1. This

statistical method identifies individuals with HbA1c levels that

deviate from expected values based on fasting glucose, accounting

for biological variability in hemoglobin glycation. This variability,

affected by factors like red blood cell lifespan and glycation rate, can

cause discrepancies in diabetes management when using HbA1c

alone. The connection between HGI and hypertension may be due

to factors such as insulin resistance, a key mechanism in

hypertension (9); second, its correlation with inflammation levels

(10), a significant promoter of hypertension (11); and third, its

association with oxidative stress (7), another critical factor in the

development of hypertension. The HGI, reflecting cumulative

glycemic exposure, could enhance understanding of long-term

metabolic health in hypertensive individuals and complement

traditional cardiovascular risk factors. Some studies have found a

positive link between HGI and hypertension, but results vary (12).

In a cross-sectional study, high HGI independently associated with

risk of hypertension (13).In another cross-sectional study, HGI was

also found to be predictive of the development of heart failure in a

hypertensive population (14). Research on how HGI affects CVD
02
and all-cause mortality in hypertensive patients is limited.

Addressing this gap could enhance clinical practice by making

HGI a valuable tool for early identification and optimization of

interventions in high-risk hypertensive patients. This study aims to

examine the relationship between HGI and the risk of

cardiovascular and all-cause mortality in individuals with

hypertension. By analyzing data from National Health and

Nutrition Examination Survey (NHANES), we investigated the

association between HGI and CVD and all-cause mortality in

hypertension to provide valuable information for the prevention

and management of hypertension.
2 Methods

2.1 Data source

This study used data from NHANES, a survey by NCHS

(National Center for Health Statistics) in the US that evaluates

the health and nutrition of Americans. The study used NHANES

data from 1999 to 2018, consisting of ten two-year survey cycles.

We followed NHANES guidelines to maintain data consistency

and accuracy.
2.2 Sample selection

This study used the hypertension guidelines published by the

American Heart Association in 2017 (15), which defined

respondents with systolic blood pressure ≥140 mmHg or diastolic

blood pressure ≥90 mmHg, or who were taking antihypertensive

medication, as hypertensive. The study conducted blood pressure

assessments using qualified personnel or physicians within mobile

testing centers. Participants rested for 5 minutes before

measurements were taken using a mercury sphygmomanometer.

Three consecutive readings were obtained using an appropriately

sized cuff on the right arm. An additional measurement was taken if

a reading was disrupted or not fully captured. For our analysis, we

calculated the mean of these readings for each participant.

Participants who answered positively to any of the following

questions were identified as having hypertension: “Have you ever
frontiersin.org
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been told by a doctor or other health professional that you have

hypertension, also called high blood pressure?”; “are you now taking

prescribed medicine for high blood pressure?”; or if they had a high

biological measurement value (systolic blood pressure ≥ 140 mm

Hg and/or diastolic blood pressure ≥ 90 mm Hg).

Based on this criterion, 22877 eligible hypertensive patients

were screened from the NHANES 1999–2018 as the sample for

analysis in this study. Since not all hypertensive patients had

complete data for all variables in the NHANES data, only those

hypertensive patients with complete data for all variables were

selected for this study. After screening, 7607 people with

hypertension were finally included (Supplementary Figure 1).
2.3 Parameter calculation: linear regression
analysis of the relationship between FBG
and HbA1c

The study calculated the HGI by subtracting the predicted

HbA1c value from the actual HbA1c value. The relationship

between FBG and actual HbA1c was analyzed using a linear

regression model. The overall significance of the linear regression

model was checked by F-test and it was found to be significant

(F=16020, p<0.001). After extracting the residual values for each

sample again, we found that the residual values were normally

distributed by plotting the histogram (Supplementary Figure 2A)

and normal QQ plot (Supplementary Figure 2B) of the residuals.

Finally, several outliers were found in plotting the residual leverage

plot (Supplementary Figure 2C). Due to our large sample size, the

removal of the outliers did not affect the regression equation.

Finally, a linear regression equation was obtained: predicting

HbA1c = 0.441*FPG+3.14 (Figure 1).
Frontiers in Endocrinology 03
2.4 Outcome

The study investigates cardiovascular and all-cause mortality

among hypertensive individuals using NHANES follow-up data up

to December 31, 2018, categorizing deaths via the NCHS system.

All-cause mortality was determined using records from the

National Death Index (NDI) up to December 31, 2019. These

records were linked to the 1999–2018 NHANES data using an

algorithm to confirm occurrences of death. Cardiovascular (I00-I09,

I11, I13, I20-I51) mortality were defined according to the

International Classification of Diseases, Tenth Clinical Revision

(ICD-10) system codes and the NCHS classified heart diseases

(054–064).
2.5 Assessment of covariates

We included a variety of covariates that could affect the results,

including age, sex, race, education level, family poverty income ratio,

smoking status, drinking status, body mass index (BMI), total

cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL)

cholesterol, low-density lipoprotein (LDL) cholesterol, included

aspartate aminotransferase (AST), alanine aminotransferase (ALT),

Serum creatinine (Scr), blood urea nitrogen (BUN). Data for these

covariates were obtained from the NHANES questionnaire and

laboratory test results(https://www.cdc.gov/nchs/nhanes/index.htm).
3 Statistical analysis

We used R software (version 4.3.0) and Empower (version 4.1)

for data analysis. Continuous variables were described using means

and standard deviations for normal distribution and medians and
FIGURE 1

Linear regression analysis of the effect of fasting blood glucose (FBG) on glycated hemoglobin (HbA1c) levels.
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interquartile ranges for non-normal distribution. Categorical

variables were reported with absolute frequencies and

percentages. The t-test compared normally distributed variables,

while the U and Kruskal-Wallis tests were used for non-normally

distributed data. We categorized HGI into quintiles to assess its

predictive value for all-cause and cardiovascular mortality, with Q0

and Q4 representing the lowest and highest levels. Cox proportional

hazards regression analysis was conducted to assess the association

between HGI and the endpoints. The Schoenfeld residual method is

a type of residual used to test whether the residual terms of a Cox

model are time-dependent. If the p-value of the test is >0.05

suggesting that the residual is stochastically related to time, it

means that the proportional risk assumption is met. To mitigate

confounding effects, multiple models were constructed. Model 1

was unadjusted; Model 2 adjusted for gender, age, and race; Model 3

expanded on Model 2 by adjusting for educational attainment,

income ratio, BMI, lifestyle habits, lipid profiles, liver enzymes

(ALT, AST), kidney function markers (BUN, serum creatinine),

employing restricted cubic splines (RCS) for non-linear correlations

and piecewise linear regression to identify inflection points,

considering significant(P<0.05).
4 Results

4.1 Baseline characteristics of
study participants

Supplementary Table 1 shows the baseline characteristics of 7607

hypertensive patients, divided into quintiles based on the HGI. The

average age of participants was 59.73 years, with males making up

51.77% of the group. Participants in the high HGI group were more

likely to be female and non-Hispanic white. During a median follow-

up period of 101 months, there were 531 CVD deaths and 1884 all-

cause deaths. Participants with higher HGI were more likely to have

obesity, high blood sugar, dyslipidemia, liver damage, and renal

insufficiency compared to those with lower HGI. Additionally,

significant differences in biochemical markers were found between

the groups, with those in the highest quintile having higher levels of

various markers compared to those in the lowest quintile(P<0.001).
4.2 Stratified effects of HGI quintiles on
CVD and all-cause mortality risk

This study constructed three models to examine the relationship

between the HGI and the risks of CVD and all-cause mortality. In the

proportional risk assumption, the linear relationship between

residuals and time was found to be insignificant (P>0.05) by the

Schoenfeld residuals test, and the model met the proportional risk

assumption (Supplementary Figure 3). After adjusting for multiple

covariates, compared to the lowest quintile group (Q0), the highest

quintile group (Q4) showed a significantly increased risk of

cardiovascular disease mortality (HR: 1.34; 95% CI, 1.01–1.76)

(Table 1). In contrast, all-cause mortality risk was significantly
Frontiers in Endocrinology 04
reduced in the Q2 (HR: 0.79; 95% CI, 0.69–0.92) and Q3 groups

(HR: 0.86; 95% CI, 0.74–0.99) (Table 1).
4.3 Threshold effect analysis of HGI levels
and their impact on mortality risk

Our analysis initially indicated a potential non-linear

relationship between the HGI and both CVD mortality and all-

cause mortality rates. Utilizing RCS and threshold effect analysis, we

identified an inflection point in the impact of HGI on both all-cause

(Figure 2A) and CVDmortality (Figure 2B). For all-cause mortality,

on the left side of the inflection point=0.115, the risk of death

decreased with increasing HGI, with a multivariable-adjusted

hazard ratio (HR) of 0.75 (95% CI=0.67–0.84, P<0.01, Table 2).

Conversely, when HGI was greater than or equal to 0.115, a higher

HGI was associated with an increased risk of death, with HR being

1.24 (95% CI=1.14–1.35, P<0.01, Table 2). For CVD mortality, the

inflection point was -0.271. When HGI was less than -0.271, an

increase in HGI was associated with a reduced risk of death, with

HR being 0.65 (95% CI=0.57–0.75, P<0.01, Table 2); when HGI was

greater than or equal to -0.271, an increase in HGI correlates with

an increased risk of death, with HR being 1.19 (95% CI=1.10–1.28,
TABLE 1 HRs (95% CIs) for mortality according to the HGI 5 quartiles.

Model 1 Model 2 Model 3

CVD morality

Q0 1.0 1.0 1.0

Q1
1.01 (0.77, 1.34)
0.92

1.02 (0.77, 1.35)
0.89

1.02 (0.77, 1.35)
0.91

Q2
1.04 (0.79, 1.38)
0.76

0.96 (0.72, 1.27)
0.76

0.95 (0.72, 1.26)
0.71

Q3
1.07 (0.81, 1.42)
0.63

0.96 (0.72, 1.27)
0.78

0.93 (0.70, 1.23)
0.61

Q4
1.53 (1.18, 2.00)
<0.01

1.53 (1.16, 2.01)
<0.01

1.34 (1.01, 1.76)
0.04

P for trend <0.01 0.01 0.12

All-cause morality

Q0 1.0 1.0 1.0

Q1
0.88 (0.77, 1.02)
0.08

0.88 (0.76, 1.01)
0.07

0.88 (0.76, 1.01)
0.08

Q2
0.87 (0.75, 1.00)
0.05

0.79 (0.69, 0.91)
<0.01

0.79 (0.69, 0.92)
<0.01

Q3
0.97 (0.84, 1.12)
0.65

0.86 (0.74, 0.99)
0.04

0.86 (0.74, 0.99)
0.03

Q4
1.09 (0.94, 1.25)
0.25

1.05 (0.90, 1.21)
0.55

0.99 (0.85, 1.14)
0.87

P for trend 0.13 0.83 0.64
Model 1 adjusted for: None.
Model 2 adjusted for: Gender; Age; Race.
Model 3 adjusted for: Gender; Age; Race; Education; PIR; BMI; Drinking; Smoking; TG; TC;
HDL; LDL; ALT; AST; BUN; Scr.
HGI, hemoglobin glycation index; HR, Hazard ratio; CI, Confidence interval.
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P<0.01, Table 2). This suggests that the relationship between HGI

and mortality risk was not simply linear but exhibits a U-shaped

relationship. Relevant data are presented in Table 3.
4.4 Gender differences in the relationship
between HGI levels and mortality

We re-evaluated the relationship between HGI levels and the risks

of cardiovascular and all-cause mortality in patients with hypertension,

specifically focusing on gender-specific data. This analysis revealed

distinct relationship patterns under the lens of gender differences

(Table 3). In men, the analysis demonstrated a U-shaped

relationship between HGI and mortality risk. Specifically, the HR

(95%CI) for CVD mortality was 0.64 (0.44, 0.93) and all-cause

mortality was 0.84 (0.71,0.99), and for the right side was 1.48 (1.23,

1.79) and 1.41 (1.24, 1.60), respectively. This indicates that both

extremely low and high levels of HGI contribute to elevated

mortality risks in men.
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For women, a J-shaped (or threshold effect) relationship between

HGI and cardiovascular mortality risk was observed. Notably, an

increase in cardiovascular mortality risk significantly correlated with

HGI levels above -0.271 (HR=1.39, 95% CI= 1.12–1.72, P<0.01,

Table 3). In the context of all-cause mortality, women exhibited an

L-shaped (or saturation effect) relationship. On the left of the

inflection point, there was a reduction in all-cause mortality risk

(HR=0.66, 95% CI=0.56–0.77, P=0.04, Table 3), whereas the trend of

increased mortality risk was not significantly evident when HGI

exceeded 0.115 (HR=1.11, 95% CI=0.97–1.26, P=0.13, Table 3).
4.5 Sensitivity analysis

We confirmed the U-shaped relationship of the HGI with CVD

and all-cause mortality through sensitivity analyses that took into

account participants who died within two years prior to follow-up

and participants with diabetes. Findings remained unchanged after

adjusting for potential confounders, underscoring the credibility of

our primary outcomes (Supplementary Table 2).
5 Disucssion

This study examined the nonlinear relationship between HGI

and cardiovascular and all-cause mortality rates in patients with

hypertension using analysis of NHANES data. The study found a U-

shaped correlation between HGI and mortality in hypertensive

pat ients , showing that optimal HGI levels minimize

cardiovascular risk, highlighting HGI’s importance as a

mortality predictor.

Several studies have yielded results similar to ours. Zeng and

colleagues found a U-shaped relationship between HbA1c levels

and mortality rates in patients with hypertension. Below a certain

threshold, increasing HGI levels reduce mortality risk, but above

that threshold, they increase mortality risk (16). Jian-di Wu’s team

discovered that high HGI is linked to higher risks of CVD and

mortality, especially when HbA1c levels are considered (17). Kim

MK and others concluded that HGI is independently associated

with CVD events in patients with type 2 diabetes, with patients

having high HGI at baseline possessing a higher inherent risk of
A B

FIGURE 2

The association between high glycemic index (HGI) and mortality rates related to cardiovascular events (A) and all-cause (B).
TABLE 2 Threshold effect analysis of HGI on all-cause and
CVD mortality.

Adjusted HR (95% CI) P-value

All-cause mortality

Inflection point 0.115

HGI < 0.115 0.75 (0.67, 0.84) <0.01

HGI ≥ 0.115 1.24 (1.14, 1.35) <0.01

P for Log-
likelihood ratio

< 0.01

CVD mortality

Inflection point -0.271

HGI < -0.271 0.65 (0.57, 0.75) <0.01

HGI ≥ -0.271 1.19 (1.10, 1.28) <0.01

P for Log-
likelihood ratio

< 0.01
Cox proportional hazards models were used to estimate HR and 95% CI. Adjusted for gender,
age, race, education, PIR, BMI, drinking, smoking, TG, TC, HDL, LDL, ALT, AST, BUN, Scr.
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CVD (18). Moreover, Cheng and colleagues analyzed the

association between HGI and the long-term prognosis of patients

with coronary artery disease (CAD) after percutaneous coronary

intervention (PCI). They observed that, compared to patients with

moderate HGI, those with low and high HGI had a significantly

increased risk of all-cause mortality (19). Possible explanations for

these findings include: Firstly, Higher HGI can signal metabolic

instability linked to insulin resistance, blood sugar fluctuations,

energy metabolism disorders, and oxidative stress, a major risk

factor for cardiovascular diseases (20). Oxidative stress,

characterized by an imbalance between oxidants and antioxidants

within the body, results in cellular damage and dysfunction, thereby

serving as a significant risk factor for cardiovascular disease (21).

Lastly, these factors, such as insulin resistance and oxidative stress,

may collectively lead to endothelial dysfunction and increase the

risk of atherosclerosis (22, 23). Chronic inflammation can also

promote vascular inflammation and plaque formation, further

increasing the risk of cardiovascular events (24).

Alternatively, Jing-Lu Jin proposed that for patients with newly

diagnosed stable CAD and type 2 diabetes mellitus (T2DM), the

TyG index might have a better prognostic value than HGI (25).

Other studies suggest that, akin to HbA1c, elevated HGI links to

increased cardiovascular risk in T2DM patients without prior CVD.

Given HbA1c’s established risk role and the challenges in assessing

and interpreting HGI, its extra clinical utility may be minimal (26).

van Steen SC further pointed out that given the inconsistent results

and uncertain correlations beyond HbA1c, the clinical use of HGI

in type 2 diabetes is currently not recommended (27).

Inconsistencies may arise from population diversity (variations in

geography, ethnicity, age affecting outcomes due to environmental
Frontiers in Endocrinology 06
and genetic influences) and research methods (data collection,

analysis techniques, and adjustments for confounders significantly

impact result consistency). Statistical considerations: The size of the

sample, choice of statistical methods, and their power could lead to

significant differences in outcomes between studies; Research

quality and bias: The quality of design and process bias directly

affect the credibility and consistency of study results.

In this study, we constructed three models (28) to thoroughly

explore the relationship between the HGI and both cardiovascular

mortality and all-cause mortality rates among patients with

hypertension. The findings reveal that after adjusting for multiple

covariates, the highest HGI quintile group (Q4) exhibited a

significantly increased rate of cardiovascular disease mortality

compared to the lowest HGI quintile group (Q0) (HR: 1.34; 95%

CI, 1.01–1.76). All-cause mortality rates were significantly reduced

in the Q2 and Q3 groups. These findings hold significant clinical

implications for the management of hypertension. Analyzing

gender differences, we discovered a U-shaped link between HGI

and mortality risks in men. A J-shaped (or threshold effect)

relationship between HGI and cardiovascular mortality risk and

an L-shaped (or saturation effect) relationship with all-cause

mortality were found. Moderate HGI levels in women were linked

to decreased cardiovascular and mortality risks, with estrogen

potentially safeguarding women’s heart health (29). Moreover,

there are differences in energy and lipid metabolism between men

and women (24). For instance, men have a higher tendency to store

visceral fat, whereas women typically have more subcutaneous fat

buildup (30). Visceral fat is linked to insulin resistance,

inflammation, and a higher l ikel ihood of developing

cardiovascular diseases (31, 32). Hormonal variations may clarify

the diminished mortality risk from elevated HGI in women. Limited

gender difference research necessitates further study to grasp its

impact on cardiovascular health.
5.1 Strengths and limitations

The study’s strength lies in its extensive sample size and

extended follow-up period, improving the statistical reliability and

generalizability of our findings. Moreover, thorough adjustment for

confounding variables enhances the precision of our analysis

results, providing a more accurate reflection of the association

between HGI and cardiovascular and all-cause mortality risk.

Moreover, these results have practical implications for primary

care practice. Primary care physicians may find it beneficial to use

HGI as a prognostic tool when treating hypertensive patients. This

could lead to better outcomes by categorizing risk according to HGI

levels. However, there are some limitations of our study. Firstly, the

parameters used to calculate the HGI, FPG and glycated

hemoglobin, had missing partial data that may have an impact on

mortality outcomes in diabetic populations. Second, the calculation

of the HGI index was based on single measurements of FPG and

HbA1c, which do not reflect dynamic changes during long-term

follow-up. Third, our study population was from the US population,

which may limit the generalizability of our findings to other ethnic

groups or other populations.
TABLE 3 Subgroup analysis based on gender.

Exposure Male female
P for
interaction

CVD mortality 0.50

Inflection point= -0.271

HGI < -0.271
0.64 (0.44, 0.93)
0.02

0.68 (0.42, 1.10)
0.12

HGI ≥ -0.271
1.48 (1.23, 1.79)
< 0.01

1.39 (1.12, 1.72)
< 0.01

P for Log-
likelihood ratio

< 0.01 0.03

All-
cause mortality

< 0.01

Inflection
point=0.115

0.03 0.87

HGI < 0.115
0.84 (0.71,0.99)
0.04

0.66 (0.56,0.77)
0.04

HGI ≥ 0.115
1.41 (1.24, 1.60)
<0.01

1.11 (0.97, 1.26)
0.13

P for Log-
likelihood ratio

<0.01 <0.01
Cox proportional hazards models were used to estimate HR and 95% CI. Adjusted for age,
race, education, PIR, BMI, drinking, smoking, TG, TC, HDL, LDL, ALT, AST, BUN, Scr.
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6 Conclusion

In conclusion, this study demonstrated a U-shaped relationship

between HGI and cardiovascular disease mortality and all-cause

mortality in a hypertensive population. It is important for

individuals with hypertension to regularly monitor their HGI and

make necessary adjustments to their treatment plans and

recommended to maintain stable levels when HGI is moderate in

order to minimize mortality risk.
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