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Abstract 

Insulin-like growth factors are polypeptides, with arrays similar to insulin, 

and insulin-like growth factor 1 (IGF-1) is secreted by the stimulation of 

growth hormone (GH) in the liver. The lack of both GH and IGF-1 leads to 

physiological age-related changes in the cardiovascular system; however, the 

role of IGF-1 and GH in hypertension has not been fully elucidated. Thus, 

we examined the association between plasma IGF-1 and GH levels and 

hypertension. Among 1,368 participants of a health check-up examination in 

the town of Tanushimaru, 1,094 subjects were analyzed, after excluding 

subjects with diabetes mellitus or impaired liver function. Multiple linear and 

logistic regression analyses were performed for factors related to systolic and 

diastolic BPs. Characteristics of participants stratified by IGF-1 and GH 

quartiles were compared using analysis of co-variance. We calculated odds 

ratios per 1-standard deviation increase of IGF-1 and GH levels for 

hypertension, which was defined as those with BP≥140/90mmHg and/or 

those receiving antihypertensive medication. Multivariable analysis showed 

that, FPG, insulin, HOMA-IR, eGFR, total cholesterol, triglycerides, and 

medication for hypertension were associated with Z-score of IGF-1 
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measurement quartiles. Next, we found that BMI, systolic and diastolic BPs, 

insulin, HOMA-IR, total cholesterol, HDL-cholesterol, triglycerides, 

smoking, and alcohol intake were associated with GH quartiles, indicating 

that hypertensive subjects were inversely associated with GH level but not 

IGF-1. A significant and inverse relationship between serum GH and 

hypertensives was found after adjustment for confounders. In conclusion, 

decreased GH levels, but not IGF-1, were associated with hypertensives in a 

general population. 

 

Keywords: Epidemiology•Insulin-like growth factor 1•Growth hormone•

Hypertension 
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Introduction 

Growth hormone (GH) is secreted in pulses, mostly during the early hours 

of sleep; however, after about the age of 30 years, the secretion of GH by the 

pituitary gland tends to decline [1,2]. Further, after the age of 60 years, serum 

insulin-like growth factor 1 (IGF-1) levels also decline with age in healthy 

adults [1-3], which supports the idea that the decrease of IGF-1 results from 

diminished GH secretion [4]. The diminished secretion of GH is 

accompanied not only by a decrease of IGF-1, but also by atrophy of the lean 

body mass and expansion of the mass of adipose tissue [1]. Based on the 

relationship between GH and IGF-1, subjects with diminished GH and low 

circulating IGF-1 concentrations are documented to have an increased risk 

of developing cardiovascular diseases (CVD) and cerebrovascular diseases 

[5]. The lack of both GH and IGF-1 leads to physiological age-related 

changes in the cardiovascular system, such as a decrease in the number of 

cardiomyocytes, fibrosis, collagen accumulation, as well as a physiological 

decrease in the synthesis of proteins, including contractile action and myosin 

[6,7]. 
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On the other hand, increased serum levels of GH within the 

physiologic range can cause insulin resistance, due to the decrease in both 

hepatic and extrahepatic effects of insulin [8]. The lack of GH in adults is 

characterized by central obesity, hypertension, dyslipidemia, and glucose 

intolerance, all features of the metabolic syndrome [9]. Isgaard J [10] also 

examined the various roles of GH on CVD and its the risk factors, and 

reported that GH-deficient subjects were at risk of hypertension. 

Still, it is unknown whether serum GH is associated with 

hypertension in the general population. Thus, we carried out an 

epidemiological survey to investigate the role of GH on hypertension in a 

Japanese general population, in whom the prevalence of obesity was low. 

 

Methods 

Study population 

A periodic epidemiological survey was performed in 2018 in a rural farming 

community located in southwestern Japan (Tanushimaru, a cohort of the 

Seven Countries Study [11-14]). The study subjects were 1,368 participants 

(554 males and 814 females: mean age 68.8 years) of a health check-up 
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examination in a Japanese general population aged over 40 years. 

Of 1,368 subjects, we excluded 147 diabetic subjects, namely 

subjects with high fasting plasma glucose (FPG) ≥126 mg/dl, subjects with 

hemoglobin A1c (HbA1c) ≥6.5% and/or those taking oral hypoglycemic 

agents or receiving insulin injections. Further, because their GH/IGF-1 levels 

in subjects with liver dysfunction might be lower than healthy subjects, we 

also excluded 127 subjects with Fib-4 index≥2.67 [15]. Eventually, 1,094 

subjects were analyzed. 

 

Data collection 

The subjects’ medical history, history of cardio-cerebrovascular diseases, use 

of alcohol and smoking were ascertained by questionnaire. Alcohol intake 

and smoking were classified as current habitual use or not. Height and weight 

were measured, and body mass index (BMI) was calculated as weight 

(kilograms) divided by the square of height (square meters) as an index of 

obesity. Waist circumference was measured at the level of the umbilicus in 

the standing position. Blood pressure (BP) was measured in the supine 

position twice at 3-min intervals using an upright standard 
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sphygmomanometer. Vigorous physical activity and smoking were avoided 

for at least 30 min before BP measurement. The second BP with the fifth-

phase diastolic pressure was used for analysis. Hypertensive subjects were 

defined as those with systolic BP≥140mmHg and/or those with diastolic 

BP≥90mmHg and/or those receiving antihypertensive medication. Subjects 

with FPG ≥6.99mmol/l (126mg/dl) and/or subjects taking oral hypoglycemic 

agents or receiving insulin injection were considered diabetic. Subjects with 

dyslipidemia were defined as those with low density lipoprotein cholesterol 

(LDL-c) ≥3.62mmol/l (140mg/dl) and/or triglycerides ≥1.69mmol/l 

(150mg/dl) and/or high-density lipoprotein cholesterol (HDL-c) 

<1.03mmol/l (40mg/dl) and/or those taking lipid-lowering drugs. 

Fasting blood samples were taken in the morning and centrifuged 

within 1 hour after collection. Serum levels of IGF-1 and GH were measured 

by ELISA and ECLIA methods in 1,368 subjects who were able to provide 

blood for testing. The blood was submitted to a commercially available 

laboratory (SRL Inc. Fukuoka, Japan), and the intra- and inter-assay 

coefficient of variations of IGF-1 and GH at the laboratory that performed 

the assays were 2.56%, 0.75% and 3.06%, 0.73%, respectively [16,17]. The 
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homeostasis model assessment index (HOMA-IR) [FPG (mg/dl) × insulin 

(μU/ml)/405] was calculated from fasting glucose and insulin level as a 

marker of insulin resistance [18]. Estimated glomerular filtration rate (eGFR) 

was calculated by the following estimation formula that has been 

recommended by the Japan Society of Nephrology: eGFR (ml/min/1.732) = 

(194×Scr-1.094×age-0.287) × (0.739 for females) [19]. 

This study was approved by the Tanushimaru branch of the Japan 

Medical Association and by the local mayor, as well as by the ethics 

committee of Kurume University School of Medicine. All the participants 

gave informed consent. The Research Ethics Committee of the Kurume 

University School of Medicine (Process numbers 09019/2018) approved the 

study in conformity with the principles embodied in the declaration of 

Helsinki. 

 

Statistical analysis 

Because of skewed distributions, the natural logarithmic transformation was 

performed for GH, FPG, HOMA-IR and triglycerides. The standard 

deviation (SD) score (Z-score) of serum IGF-1 measurement was calculated 
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from LMS method reported by Isojima T, et al. [20]. Mean values and upper 

and lower 95% confidence limits were exponentiated and presented 

geometric mean (SD), where the SD was approximated as the difference of 

the exponentiated confidence limits divided by 3.92, the number of SD in a 

95% confidence interval for normally distributed data. Chi-square tests were 

used for evaluation of categorical parameters. Mean Z-score of serum IGF-

1 and GH levels were classified into quartiles. Characteristics of participants 

stratified by GH quartile were compared using analysis of covariance 

adjusted for age and sex. Multiple logistic regression analyses were 

performed for factors related to hypertensive subjects after adjustment for 

confounding factors. Eventually, odds ratios per 1-SD increase of Z-score of 

serum IGF-1 and GH levels for hypertensives were calculated after 

adjustment for confounding factors. All statistical analyses were performed 

using SAS version 9.4 (SAS Inc., Cary, NC, USA). 

 

Results 

Clinical characteristics of enrolled subjects were shown in Table 1. Mean age 

was 66.8 years. The systolic and diastolic blood pressures and body weights 

of the subjects were 138.1±20.9mmHg, 80.7±11.7mmHg, and 57.6±11.0kg, 
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respectively, and the distribution was normal. Significant associations were 

observed between Z-score of IGF-1 and FPG, insulin, HOMA-IR, eGFR, 

total cholesterol, triglycerides, and medication for hypertension (Table 2). 

Significant associations of GH were observed with BMI (inversely), systolic 

(inversely) and diastolic (inversely) BPs, insulin (inversely), HOMA-IR 

(inversely), total cholesterol (inversely), HDL-cholesterol, triglycerides 

(inversely), smoking (inversely), and alcohol intake (inversely) after 

adjustment for age and sex (Table 3). No significant association was seen 

between Z-score of serum IGF-1 levels and hypertension (Table 4); however, 

a significant and inverse association between serum GH levels and 

hypertension was observed in each model (Table 5). 

 

Discussion 

In the present study, we demonstrated for the first time that serum GH levels, 

but not IGF-1, was significantly and inversely associated with hypertensive 

subjects in a Japanese general population aged over 40 years. Compared to 

the previous studies [21-23], the subjects enrolled in the present study had 

comparatively lower BMI, and plasma IGF-1 and GH were measured 

simultaneously. 
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In human studies [24,25], IGF-1 may be directly or indirectly 

involved in the pathogenesis of atherosclerosis. However, Page JH, et al. [20] 

suggested that IGF-1 did not indicate a monotonic relationship with 

myocardial infarction among predominantly postmenopausal women. Ameri 

P, et al. [22] also suggested that IGF-1 was significantly and inversely 

associated with carotid intima-media thickness. Our data revealed that Z-

score of IGF-1 levels were not protective against increasing FPG, blood 

insulin levels, insulin resistance, eGFR, lipid profiles and medication for 

hypertension (Table 2). Based on the results shown in Tables 2 and 4, serum 

IGF-1 levels had no informative relationship with systolic and diastolic BPs. 

Also, the CARDIA Study did not support a strong link between IGF-1 and 

BP; however, it did support the possibility of an important relation between 

IGF-1 and lipid levels in young adult men [26]. Recently, Erlandsson MC, et 

al. have reported the association between serum IGF-1 and hypertension in 

female patients with rheumatoid arthritis or ischemic stroke without 

rheumatic disease [27], in which the impact of low IGF-1 on cardiovascular 

risk factors, including hypertension, was bigger in rheumatoid arthritis than 

ischemic stroke without rheumatic disease, indicating that IGF-1 might work 
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differently depending on the clinical background.  

Data to support a significant association between serum GH levels 

and hypertension has been scant. Strazhesko ID, et al. [28] suggested that 

GH/IGF-1 was the most important parameter of arterial aging. Subjects with 

GH deficiency were documented to have an increased risk of developing 

CVD and cerebrovascular diseases in the Rancho Bernardo Study [29]. 

Although hypertension is one of the main components of metabolic 

syndrome (MS), the prevalence of the MS in patients with GH deficiency 

was significantly higher than in healthy controls [30]. A survey study in 

Japan also reported that dyslipidemia and hypertension were more common 

in a GH deficiency group than in a GH intact group in 863 adult patients. 

Their results indicated that GH deficiency increased the prevalence of 

cardiovascular risk factors in Japan, as is the case in Western countries [31]. 

Our data showed that BMI, systolic and diastolic BPs, insulin, 

HOMA-IR, total cholesterol, and triglycerides except for HDL-cholesterol 

were significantly and inversely associated with plasma GH levels. These 

findings are consistent with previous studies [28-31]. The discrepancy 

between GH and IGF-1 in terms of the correlation with hypertension in our 
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study is still unclear. Many clinical studies [28-32] have supported the 

concept that normal levels of GH and IGF-1 are necessary to maintain 

endothelial function. IGF-1 is involved in the synthesis of nitrogen monoxide 

(NO) in endothelial cells, which causes additional vasodilation of the arteries, 

decreases the concentration of free fatty acids (FFA), and increases the 

sensitivity to insulin. Recently, the importance of activities of IGF-1 and GH 

as a key determinant of stroke risk has been reported [28,32]. Strazhesko ID, 

et al. [28] found that patients with GH deficiency and low circulating IGF-1 

had an increased risk of CVD. Although IGF-1 may promote the structural 

integrity of cerebral arteries, thereby offering protection from hemorrhagic 

stroke, GH deficiency increases the stroke risk. It is interesting to note that 

these two parameters showed entirely inverse findings with regard to blood 

pressure even in healthy Japanese participants. This inverse association of 

GH levels for hypertensive subjects may help to explain why GH deficiency 

increases stroke risk. 

There are several limitations in our study. First, the study design was 

cross-sectional. Thus, nothing conclusive can be stated with regard to the 

association of serum IGF-1 and GH. We are planning future prospective 
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studies to investigate the role of these markers in subjects with hypertension. 

Second, results from only a single blood testing were used to evaluate the 

association between serum IGF-1 and GH levels and hypertension. The third 

limitation was a relatively small sample size. This could have caused a 

selection bias. Nevertheless, a clear inverse relationship between serum GH 

and hypertension was striking and further investigation should be performed. 

In conclusion, decreased plasma GH levels, but not IGF-1, were 

associated with hypertensives in a general population. 
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Table 1. Clinical characteristics of 1,094 subjects 
Characteristics Total Males Females 

Age, years 66.8 (11.3) 67.5 (10.9) 66.5 (11.5) 

Sex, n (%) 1,094 (100.0) 402 (36.7) 692 (63.3) 

Body weight, kg 57.6 (11.0) 65.1 (9.9) 53.1 (8.9) 

BMI, kg/m2 22.9 (3.4) 23.5 (3.1) 22.6 (3.5) 

SBP, mmHg 138.1 (20.9) 139.8 (19.7) 137.1 (21.6) 

DBP, mmHg 80.7 (11.7) 82.7 (12.1) 79.6 (11.3) 

AST, IU/L 23.4 (6.8) 24.4 (7.0) 22.7 (6.6) 

ALT, IU/L 20.6 (11.6) 23.1 (13.8) 18.3 (9.7) 

γ-GTP, IU/L 30.9 (27.7) 40.5 (33.9) 25.3 (21.4) 

eGFR, ml/min/1.73m2 70.2 (15.3) 68.7 (16.5) 71.1 (14.5) 

TC, mg/dL 212.8 (35.5) 202.4 (32.6) 219.0 (35.7) 

TG, mg/dLa 104.6 (27-996) 113.1 (30-996) 99.9 (27-657) 

HDL-C, mg/dL 65.7 (17.2) 59.9 (15.3) 69.2 (17.4) 

LDL-C, mg/dL 127.8 (30.2) 122.0 (28.3) 131.2 (30.7) 

FPG, mg/dL 94.6 (12.6) 95.9 (13.2) 93.9 (12.3) 

Insulin, uU/mLa 5.6 (0.6-159.8) 5.7 (0.6-97.4) 5.5 (0.8-159.8) 

HOMA-IRa 1.3 (0.1-42.6) 1.3 (0.1-31.0) 1.3 (0.2-42.6) 

Hemoglobin A1C (%) 5.6 (0.3) 5.6 (0.3) 5.6 (0.3) 

Z score of IGF-1 -0.669 (0.941) -0.717 (0.860) -0.641 (0.985) 

GH (ng/mL)a 0.73 (0.03-18.5) 0.41 (0.03-12.6) 1.02 (0.03-18.5) 

Smoking, n (%) 115 (10.5%) 95 (23.6%) 20 (2.9%) 

Alcohol, n (%) 504 (46.1%) 278 (69.2.%) 226 (32.7%) 

Medication for HT, n (%) 346 (31.6%) 142 (35.3%) 204 (29.5%) 

Medication for HL, n (%) 231 (21.1%) 74 (18.4%) 157 (22.7%) 

Data are mean (SD), geometric mean, range, or percent. 
Abbreviations: BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure;  

AST: Aspartate transaminase; ALT: Alanine aminotransferase; γ-GTP: γ-glutamyl transpeptidase; 
eGFR: estimated glomerular filtration rate; TC: Total cholesterol; TG: Triglycerides;  
HDL: high-density lipoprotein; LDL: low-density lipoprotein; FPG: fasting plasma glucose; 
HOMA-IR: homeostasis model assessment; IGF-1: insulin-like growth factor 1; GH: Growth hormone; 
HT: Hypertensive; HL: Hyperlipidemic 
a These variables are shown in the original scale after analysis using log (natural)-transformed values. 



Table 2. Means of parameters stratified by Z-score of IGF-1 measurement quartile 

Data are mean (SD), geometric mean, range, or percent. 
Abbreviations: IGF-1: insulin-like growth factor 1, SD: standard deviation; BMI: body mass index;  
SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose 
HOMA-IR: homeostasis model assessment; eGFR: estimated glomerular filtration rate;  
TC: Total cholesterol; TG: Triglycerides; HDL: high-density lipoprotein,  
HT: Hypertensive; HL: Hyperlipidemic; DM: Diabetic 
a Calculated from linear regression analysis for continuous variables and from logistic  
regression analysis for dichotomous variables. 
b These variables are shown in the original scale after analysis using log (natural)- 
transformed values. 

 IGF-1 Q1 IGF-1 Q2 IGF-1 Q3 IGF-1 Q4 p value 

Total number 273 273 274 274  

Z-score of IGF-1 -1.844(0.499) -0.987(0.177) -0.371(0.199) 0.517(0.487) <0.001 

Range -4.712, -1.279 -1.279, -0.691 -0.683, -0.026 0.000, 3.563  

BMI, Kg/m2 22.5 (3.6) 23.1 (3.5) 22.9 (3.2) 23.3 (3.4) 0.090 

SBP, mmHg 137.7 (21.5) 138.3 (22.4) 136.8 (18.2) 139.5 (21.6) 0.516 

DBP, mmHg 79.9 (12.3) 81.7 (12.4) 79.8 (11.2) 81.4 (10.9) 0.141 

FPG, mg/dL 93.1 (12.3) 93.7 (12.4) 95.0 (12.0) 96.7 (13.6) 0.006 

Insulin, μU/mLb 4.62 5.13 5.94 6.79 <0.001 

Range 0.6-159.8 0.8-99.9 0.8-50.1 1.6-62.9  

HOMA-IRb 1.05 1.18 1.38 1.61 <0.001 

Range 0.1-42.6 0.1-31.0 0.2-10.6 0.3-21.6  

eGFR, 
mL/min/1.73m2 

71.7 (15.1) 71.4 (15.4) 70.3 (14.7) 67.6 (15.6) 0.007 

TC, mg/dL 205.9 (32.4) 213.9 (37.4) 211.9 (34.0) 219.6 (36.7) <0.001 

HDL-C, mg/dL 64.9 (16.2) 66.2 (19.3) 64.7 (15.3) 67.1 (17.8) 0.304 

TG, mg/dLb 98.1 100.5 107.5 113.0 0.008 

Range 27-743 30-996 32-572 33-573  

Smoking, n (%) 29 (10.6) 28 (10.3) 38 (13.8) 19 (6.9) 0.061 

Alcohol, n (%) 117 (42.9) 125 (45.8) 136 (49.6) 124 (45.3) 0.386 

Medication for HT 73 (26.7) 76 (27.8) 100 (36.5) 95 (31.0) 0.024 

Medication for HL 48 (17.6) 49 (17.9) 67 (24.4) 66 (24.1) 0.074 



Table 3. Age and sex adjusted means of parameters stratified by GH quartile 

Data are mean (SD), geometric mean, range, or percent. 
Abbreviations: IGF-1: insulin-like growth factor 1, SD: standard deviation; BMI: body mass index;  
SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose 
HOMA-IR: homeostasis model assessment; eGFR: estimated glomerular filtration rate;  
TC: Total cholesterol; TG: Triglycerides; HDL: high-density lipoprotein,  
HT: Hypertensive; HL: Hyperlipidemic; DM: Diabetic 
a Calculated from linear regression analysis for continuous variables and from logistic  
regression analysis for dichotomous variables. 
b These variables are shown in the original scale after analysis using log (natural)- 
transformed values. 
 

 GH Q1 GH Q2 GH Q3 GH Q4 p value 
Total number 273 273 274 274  
GH, ng/mLb 0.131 0.526 1.193 3.263 <0.001 
Range 0.03-0.29 0.30-0.84 0.85-1.78 1.79-18.5  

BMI, Kg/m2 24.1 (3.4) 23.1 (3.3) 22.6 (3.3) 22.1 (3.4) <0.001 
SBP, mmHg 141.8 (20.8) 140.2 (19.9) 137.4 (20.0) 133.0 (20.4) <0.001 
DBP, mmHg 83.1 (11.9) 82.0 (11.4) 79.6 (11.4) 78.0 (11.6) <0.001 
FPG, mg/dL 96.6 (12.7) 93.9 (12.2) 93.9 (12.3) 94.4 (12.5) 0.055 
Insulin, μU/mLb 7.15 5.29 4.98 5.08 <0.001 
Range 1.5-97.4 0.6-58.9 0.6-37.8 0.8-159.8  

HOMA-IRb 1.69 1.22 1.14 1.17 <0.001 
Range 0.3-29.8 0.1-17.7 0.1-11.1 0.2-42.6  

eGFR, 
mL/min/1.73m2 

68.2 (14.4) 70.2 (13.8) 71.3 (13.9) 71.0. (14.1) 0.074 

TC, mg/dL 218.1 (35.7) 213.6 (34.2) 212.2 (34.3) 207.3 (34.9) 0.009 
HDL-C, mg/dL 62.3 (17.1) 65.3 (16.4) 65.7 (16.5) 69.8 (16.8) <0.001 
TG, mg/dLb 129.5 105.4 96.7 90.0 <0.001 
Range 34-996 27-519 32-501 31-573  

Smoking, n (%) 46 (16.8) 42 (15.4) 27 (9.9) 22 (8.0) 0.003 
Alcohol, n (%) 202 (74.0) 178 (65.2) 124 (45.2) 131 (47.8) 0.001 
Medication for HT 84 (30.8) 92 (33.7) 84 (30.7) 83 (30.3) 0.798 
Medication for HL 55 (20.1) 57 (20.9) 63 (23.0) 54 (19.7) 0.763 



Table 4. Odds ratios per 1-SD increase of Z-score of serum IGF-1 levels  
in hypertensive subjects 

 
 Model           Beta          Odds ratio (95% CI)       p value 
 Unadjusted      0.144          1.145 (1.011-1.297)        0.033 
 Model 1         0.120          1.119 (0.979-1.280)        0.098 
 Model 2         0.059          1.057 (0.921-1.213)        0.433 
 Model 3         0.047          1.045 (0.909-1.202)        0.535 
 Model 4        -0.023          0.978 (0.830-1.153)        0.794 
 Hypertensive subjects were defined as those with BP≥140/90mmHg  

and/or those receiving antihypertensive medication. 
Abbreviations: IGF-1; insulin-like growth factor 1, CI, confidence intervals 
FPG; fasting plasma glucose, eGFR; estimated glomerular filtration rate, HT; Hypertensive 

  Model 1: Adjusted for age and sex 
Model 2: Adjusted for age, sex, FPG, insulin, and eGFR 
Model 3: Adjusted for age, sex, FPG, insulin, eGFR, total cholesterol and triglycerides 
Model 4: Adjusted for age, sex, FPG, insulin, eGFR, total cholesterol, triglycerides,  

and medication for HT 



Table 5. Odds ratios per 1-SD increase of serum GH levels in hypertensive subjects 
 
 Model           Beta          Odds ratio (95% CI)       p value 
 Unadjusted     -0.106          0.821 (0.735-0.916)       <0.001 
 Model 1        -0.149          0.758 (0.670-0.858)       <0.001 
 Model 2        -0.088          0.849 (0.746-0.965)        0.012 
 Model 3        -0.086          0.852 (0.747-0.971)        0.016 
 Model 4        -0.084          0.855 (0.750-0.975)        0.019 
 Hypertensive subjects were defined as those with BP≥140/90mmHg 

and/or those receiving antihypertensive medication. 
Abbreviations: GH; growth hormone, CI, confidence intervals 
BMI; body mass index, HDL; high-density lipoprotein 

  Model 1: Adjusted for age and sex 
Model 2: Adjusted for age, sex, BMI, and insulin 
Model 3: Adjusted for age, sex, BMI, insulin, total cholesterol,  

HDL-cholesterol, and triglycerides 
Model 4: Adjusted for age, sex, BMI, insulin, total cholesterol,  

HDL-cholesterol, triglycerides, smoking, and alcohol intake 
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