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Abstract 

Background  Longevity, combined with a higher prevalence of obesity, particularly visceral obesity, has been associated with an in-

creased risk of cardiovascular diseases. Insulin resistance (IR) is an important link between visceral obesity and cardiovascular diseases. An 

important association has been found between sagittal abdominal diameter, visceral obesity and IR. The objective of this study is to evaluate 

sagittal abdominal diameter as a marker of visceral obesity and correlate it with IR in older primary health care patients. Methods  A 

cross-sectional study was performed with 389 patients over 60 years of age (70.6 ± 6.9), of whom 74% were female. Their clinical, anthro-

pometric and metabolic profiles were assessed and their fasting serum insulin level was used to calculate the homeostasis model assessment 

insulin resistance (HOMA-IR). Sagittal abdominal diameter was measured in the supine position at the midpoint between the iliac crest and 

the last rib with abdominal calipers. Results  Sagittal abdominal diameter was significantly correlated with anthropometric measures of 

general and visceral obesity and with HOMA-IR in both genders. There was no change in the association between sagittal abdominal diame-

ter and HOMA-IR after adjusting for age, sex, diabetes and hypertension. Conclusion  It is feasible to use sagittal abdominal diameter in 

older primary care patients as a tool to evaluate visceral obesity, which is an indicator of cardiovascular risk. 
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1  Introduction 

According to the World Health Organization, the world-
wide prevalence of overweight and obesity are approaching 
39% and 13%, respectively, and continue to rise.[1,2]  

Obesity, especially visceral obesity, is associated with an 
increased risk of cardiovascular and metabolic diseases. 
Hypertension, diabetes mellitus, dyslipidemia, atheroscle-
rotic disease and non-alcoholic fatty liver disease are fre-
quent in individuals with visceral obesity.[3] Insulin resis-
tance (IR) is an important link between visceral obesity and 
these diseases.[4] 

Several studies have shown that anthropometric indices 
are an alternative, accessible, fast, non-invasive and inex-
pensive way to identify visceral obesity and IR.[5] Waist 
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circumference (WC) has traditionally been used to measure 
visceral obesity.[6–8] However, aging causes a reduction of 
lean mass and an increase in body fat, especially in the ab-
dominal region, which could impede accurate WC meas-
urement.[9,10] Sagittal abdominal diameter (SAD), also re-
ferred to as “abdominal height”, provides a better intra-ab-
dominal or visceral obesity estimate than WC.[11] SAD is an 
anthropometric measure associated with IR, glucose intol-
erance, cardiovascular risk and general mortality.[12,13] 

Identifying older individuals at high cardiovascular risk 
through simple and non-invasive anthropometric measures 
is an important strategy for preventing cardiovascular dis-
ease. Thus, SAD has been considered a good method for 
assessing visceral obesity.[14] 

The aim of this study was to assess visceral obesity with 
SAD and correlate it with IR in older primary health care 
patients. 

2  Methods 

This cross-sectional, observational study included a con-
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venience sample of 411 older patients (over 60 years old) 
assisted in a geriatric clinic, from March 2011 until March 
2013. Patients with grade III obesity (four), hepatic (two) or 
renal insufficiency (four), cognitive deficit (two), or who 
were on corticosteroids or immunosuppressants (four) were 
excluded. Six patients lost the follow-up and were excluded 
from the analysis (Figure 1). 

Patient’s clinical information, anthropometric, and meta-
bolic profiles were assessed and their fasting serum insulin 
levels were determined. With the patient seated and after at 
least five minutes of rest, blood pressure was measured in 
the left arm with an automatic OMRON HEM 742INT 
sphygmomanometer (OMRON, Bannockburn, IL, USA), 
and the mean of the last two measurements was used.[15] 
Weight (kg) and height (cm) were used to calculate the 
body mass index (BMI), presented in kg/m², with a cali-
brated anthropometric scale (FILIZOLA, São Paulo, SP, 
Brazil) according to National Institute of Metrology guide-
lines. WC was measured at the midpoint between the iliac 
crest and the last rib at the end of expiration with the patient 
in the orthostatic position.[16] Neck circumference (NC), arm 
circumference (AC), thigh circumference (TC) and hip cir-
cumference (HC) were measured with an inelastic measur-
ing tape (SANNY, São Bernardo do Campo, SP, Brazil). 
SAD or abdominal height, is the distance between the dor-
sum and the apex of the abdomen, which was measured in 
the supine position at the midpoint between the iliac crest 
and the last rib[17] with an abdominal caliper (Holtain Ltd., 
Crosswell, Wales, UK) that had a mobile stem and a fixed 
base. The SAD cut-offs for men and women were 20.5 cm 
and 19.3 cm, respectively.[11] 

Fasting insulin levels were measured with the electro-
chemiluminescence method (ELECSYS, Roche, Japan).  

 

Figure 1.  The Consort flow diagram of the studied population. 

The homeostasis model assessment-insulin resistance (HOMA- 
IR) was calculated by multiplying the fasting glucose level 
(mg/dL) by the fasting insulin level (μU/mL) and dividing 

˃by 22.5; values  2.71 were considered positive for IR.[18] 
Risk scores and global cardiovascular risk stratification 

were calculated according to Framingham Heart Study cri-
teria[19] and included the following variables: age, HDL 
cholesterol, total cholesterol, hypertension (treated or not), 
smoking and diabetes mellitus. Patients were stratified as 
low, intermediate, or high risk. 

Statistical analyses were performed in SPSS 21.0 (SPSS, 
Chicago, IL, USA). The entire analysis was performed by 
gender due to the unbalance of the sample. Continuous va-
riables were expressed as mean ± SD, while categorical va-
riables were expressed as absolute numbers and percent-
ages.  

For comparisons between groups (categorical variables), 
we used chi-square tests with continuity correction and 
Fisher’s exact test when necessary. Student’s t-test was used 
to verify the existence of differences between means. Sim-
ple and multiple gamma regression (generalized linear 
model) with log-link, were used to identify factors associ-
ated with SAD. Simple gamma regression was applied to 
select the variables that could confuse the association be-
tween SAD and HOMA-IR (dependent variable) and multi-
ple gamma regression aimed to test the independent effect 
of SAD on HOMA-IR. The generalized linear model gam-
ma regression was chosen because HOMA-IR did not pre-
sent a distribution nor was it approximately normal (P < 
0.0001 value with the Kolmogorov Smirnov test).  

To avoid multi-collinearity between anthropometric 
variables, we tested Spearman's correlation between them. 
The Rho of the correlation between SAD and anthropomet-
ric measurements ranged from 0.56 to 0.89. As our objec-
tive was not to test the association of SAD as HOMA-IR 
independently from other anthropometric measures, we 
chose to leave it as the only anthropometric measure in the 
multiple models. Bilateral tests with a significance level of 
5% were used in all comparisons. 

This study was approved by the institutional research 
ethics committee (0183.0.258.258.10) and all participants 
provided written informed consent. 

3  Results 

The sample was predominantly female (74%) and the 
mean age was 70.6 ± 6.9 years. The anthropometric data and 
cardiovascular risk factors are listed in Table 1. The mean 
waist circumference for women and men was 94.9 ± 12.2 
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Table 1.  Metabolic profile and anthropometric and cardio-
vascular risk factors according to gender. 

Variable Female, n = 290 Male, n = 99 *P-value

Age, yrs 70.6 ± 6.9 69.8 ± 6.8 0.304 

SBP, mmHg 137.1 ± 21.8 138.7 ± 18.9 0.522 

DBP, mmHg 74.8 ± 10.0 77.9 ± 9.6 0.008 

Anthropometry    

BMI, kg/m2 28.9 ± 5.6 28.4 ± 4.4 0.348 

NC, cm 33.9 ± 2.9 39.4 ± 3.1 < 0.0001

AC, cm 29.8 ± 4.2 30.0 ± 3.3 0.662 

WC, cm 94.9 ± 12.2 100.0 ± 11.4 < 0.0001

SAD, cm 21.9 ± 3.4 22.2 ± 3.2 0.465 

HC, cm 101.7 ± 11.0 99.0 ± 8.6 0.029 

TC, cm 50.1 ± 6.1 48.8 ± 5.2 0.054 

Laboratory    

Fasting glucose, mg/dL 105.1 ± 29.4 110.2 ± 38.1 0.174 

Cholesterol, mg/dL 208.6 ± 44.6 188.6 ± 36.1 < 0.0001

Triglycerides, mg/dL 137.1 ± 66.8 145.9 ± 80.0 0.271 

HDL-C, mg/dL 57.9 ± 13.3 47.3 ± 11.6 < 0.0001

LDL-C, mg/dL 122.9 ± 39.6 111.5 ± 32.6 0.01 

TSH, µU/mL 2.5 ± 2.0 3.3 ± 7.6 0.132 

HOMA-IR 3.7 ± 4.4 4.8 ± 10.9 0.147 

Risk factors, %    

Smoking 5 5 0.600 

Diabetes 22 22 0.510 

Hypertension 72 64 0.074 

MS-NCEP 71 57 0.003 

Visceral obesity (SAD) 75 67 0.058 

Cardiovascular risk, %   0.011 

Low 1.5 0  

Medium 24 11  

High 74.5 89  

AC: arm circumference; BMI: body mass index; DBP: diastolic blood pressure; 

HC: hip circumference; HDL-C: high density lipoprotein cholesterol; HOMA- 

IR: homeostasis model assessment insulin resistance index; LDL-C: low den-

sity lipoprotein cholesterol; MS: metabolic syndrome; NC: neck circumference; 

NCEP: National Cholesterol Education Program; SAD: sagittal abdominal 

diameter; SBP: systolic blood pressure; TC: thigh circumference; WC: waist 

circumference. *Student’s t-test and chi-square test. 

 
and 100.0 ± 11.4 cm, respectively (P < 0.0001). SAD did 
not differ significantly between men and women. 

SAD and other parameters were associated with HOMA- 
IR, in a statistically significant way, both in men and wo-
men, including all tested anthropometric measures (Table 2). 
In men, the crude association of HOMA-IR with SAD was 
1.134 (95% CI: 1.093–1.176; P < 0.0001) and in women, 
1.113 (95% CI: 1.086–1,141; P < 0.0001). In the multiple 
gamma regression (generalized linear model), the associa-
tion was 1.114 (95% CI: 1.079–1.150; P < 0.0001) for men 

and 1.091 (95% CI: 1.068–1.114; P < 0.0001) for women 
(Table 3). 

4  Discussion 

In agreement with the literature, SAD was correlated 
with Homa-IR and anthropometric measurement of visceral 
obesity in the elderly older, regardless of sex, age, hyperten-
sion or diabetes.[14,20] 

Changes occur with aging, such as decreased body mass 
and stature, reduced fat free mass and changes in body fat 
compartments. This study’s finding that decreased periph-
eral and increased visceral adipose tissue is aligned with 
SAD values applied to both genders. 

Visceral adipose tissue is an important secretor of several 
adipokines involved in the genesis of IR and pro-inflam-
matory or prothrombotic states.[21,22] Visceral obesity is also 
an important risk factor for cardiometabolic disorders and 
contributes to higher cardiovascular risk.[23] 

SAD has been identified as a marker of visceral obesity 
internationally.[9,11,24–27] Van der Kooy, et al.[26] demonstrat-
ed that SAD correlated better with male visceral fat. How-
ever, later studies have found a better correlation between 
SAD and visceral fat in females.[28,29] In the present study, 
SAD was correlated with IR regardless of gender.  

Previous studies have demonstrated an association be-
tween SAD and IR.[3,17,25,28] Ohrvall, et al.[30] presented a 
moderate correlation between SAD and fasting insulin lev-
els in women (r = 0.46, P < 0.05). In the Bogalusa Heart 
study, SAD was a better predictor of blood glucose and in-
sulin levels than other anthropometric measures.[21] Pouliot, 
et al.[27] concluded that SAD was significantly correlated 
with fasting hyperglycemia and other atherogenic metabolic 
disorders. According to Riserus, et al.,[22] SAD is a predictor 
of IR in obese men.  

SAD results also extend to cardiovascular disease. In a 
control case study, Kahn, et al.,[17] observed an association 
between high SAD and coronary artery disease. Empana, et 
al.,[31] and Dahlen, et al.,[12] demonstrated a relationship be-
tween SAD and sudden death and between SAD and arterial 
stiffness, respectively. A prospective study of 981 men at 
the U.S. National Institutes of Health found that SAD was a 
strong predictor of overall mortality and cardiovascular dis-
ease in young adults.[10] 

The strong association between SAD and insulin resis-
tance in individuals with visceral fat, imply that may pro-
gress for cardiovascular events. The increasing prevalence 
of cardiovascular disease and elevated overweight and 
obese patients in worldwide should consider using SAD 
measurement tool for older people.[32] The predictive power  
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Table 2.  Crude association between HOMA-IR and anthropometric and laboratory variables (A) and SAD with anthropometric 
and laboratory variables (B) by gender. 

 (A) Outcome: HOMA-IR (B) Outcome: SAD 

 
Female 

Exp (B) (95% CI) 

Male 

Exp (B) (95% CI) 

Female 

Exp (B) (95% CI) 

Male 

Exp (B) (95% CI) 

Age, yrs 1.007 (0.994–1.021) 0.974 (0.953–0.996) 0.999 (0.997–1.002) 0.998 (0.994–1.001) 

BMI, kg/m2 1.063 (1.046–1.079) 1.103 (1.074–1.134) 1.025 (1.024–1.027) 1.028 (1.025–1.031) 

NC, cm 1.156 (1.123–1.190) 1.119 (1.082–1.158) 1.038 (1.034–1.043) 1.032 (1.026–1.038) 

AC, cm 1.074 (1.053–1.096) 1.133 (1.092–1.175) 1.028 (1.025–1.031) 1.032 (1.027–1.038) 

WC, cm 1.034 (1.027–1.041) 1.039 (1.029–1.050) 1.011 (1.011–1.012) 1.011 (1.010–1.012) 

HC, cm 1.022 (1.014–1.031) 1.049 (1.034–1.064) 1.012 (1.011–1.013) 1.013 (1.011–1.015) 

TC, cm 1.022 (1.007–1.037) 1.057 (1.030–1.084) 1.018 (1.015–1.020) 1.017 (1.013–1.021) 

SBP, mmHg 0.999 (0.995–1.003) 0.996 (0.988–1.005) 1.000 (0.999–1.001) 1.000 (0.999–1.002) 

DBP, mmHg 0.995 (0.987–1.003) 1.023 (1.008–1.037) 1.002 (1.001–1.004) 1.003 (1.000–1.006) 

HOMA-IR   1.012 (1.008–1.017) 1.021 (1.015–1.027) 

SAD 1.113 (1.086–1.141) 1.134 (1.093–1.176)   

Fasting glucose, mg/dL 1.016 (1.013–1.019) 1.006 (1.003–1.010) 1.001 (1.000–1.002) 1.000 (0.999–1.001) 

Cholesterol, mg/dL 0.997 (0.995–0.998) 1.000 (0.996–1.005) 1.000 (0.999–1.000) 1.000 (0.999–1.001) 

Triglycerides, mg/dL 1.003 (1.001–1.004) 1.004 (1.002–1.006) 1.000 (1.000–1.001) 1.000 (1.000–1.001) 

HDL-C, mg/dL 0.984 (0.978–0.991) 0.975 (0.963–0.987) 0.997 (0.996–0.999) 0.996 (0.994–0.998) 

LDL-C, mg/dL 0.996 (0.994–0.998) 0.997 (0.993–1.002) 1.000 (0.999–1.000) 1.000 (0.999–1.001) 

AC: arm circumference; BMI: body mass index; DBP: diastolic blood pressure; HC: hip circumference; HDL-C: HDL cholesterol; HOMA-IR: homeostasis model 

assessment insulin resistance index; LDL-C: LDL cholesterol; NC: neck circumference; SAD: Sagittal abdominal diameter (simple gamma regression (generalized 

linear model) with Log-link); SBP: systolic blood pressure; TC: thigh circumference; WC: waist circumference. 

 
Table 3.  Adjusted association between HOMA-IR and SAD 
by sex. 

HOMA-IR 

Interception Men 

Exp (B) (95% CI) 

Women 

Exp (B) (95% CI) 

 0.044 (0.016–0.122) 0.095 (0.058–0.156)

Fasting glucose, mg/dL 1.007 (1.004–1.010) 1.014 (1.011–1.017)

Triglycerides, mg/dL 1.002 (1.001–1.004) 1.001 (1.000–1.002)

SAD 1.114 (1.079–1.150) 1.091 (1.068–1.114)

DBP, mmHg 1.010 (0.999–1.021)  

DBP: diastolic blood pressure; HOMA-IR: homeostasis model assessment 

insulin resistance index; SAD: Sagittal abdominal diameter (multiple gamma 

regression (generalized linear model) with Log-link). 
 
of the SAD to evaluate visceral adiposity and association 
with risk factors of morbidity and mortality has been well 
established in the scientific literature. More than two thirds 
of deaths related to overweight or obesity were due to car-
diovascular disease, thus become a significant public health 
challenge to recognize those older people with elevated car-
diovascular risk to avoid an increase in hospital services 
demands.[33] 

SAD is a relevant non-invasive cardiovascular risk 
marker that is easy to measure in the older and can be used 
in clinical practice to identify and stratify the individual risk 
of cardiovascular disease in primary care patients. 

The main limitation of this study is the predominance of 
female and the probable reason would be that women seek 
more for medical care than men. The study did not compare 
imaging methods, such as computed tomography and nu-
clear magnetic resonance, which are considered the gold 
standards for identifying visceral obesity. 

In conclusion, SAD is an anthropometric measure that 
correlates with visceral obesity as estimated by HOMA-IR 
and is feasible to identify cardiovascular risk in older pri-
mary care populations. 
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