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Abstract
Purpose—To determine the association of hip circumference with risk of type 2 diabetes in a
relatively lean population.

Methods—The relationship between hip circumference for a given waist circumference or BMI
and risk of type 2 diabetes was investigated in 56,100 men and 68,273 women, aged 40 to 74,
from the Shanghai Men’s Health Study and the Shanghai Women’s Health Study. Cox analyses
were used.

Results—During an average of 4.0 years and 7.8 years of follow-up of the men and women,
respectively, 2,754 new diabetes cases (955 males; 1,799 females) were documented. After
adjustment for BMI, waist circumference, and other potential confounders, the HRs (95% CIs) for
type 2 diabetes in quintiles 2 to 5 compared to the first quintile of hip circumference were 0.95
(0.76–1.18), 0.72 (0.57–0.91), 0.83 (0.67–1.04), 0.78 (0.63–0.97), respectively, in men and 0.83
(0.72–0.96), 0.74 (0.64–0.86), 0.72 (0.62–0.84), and 0.65 (0.56–0.75) in women. This relationship
was stronger in men and women with a BMI ≤ the median (23.6 kg.m2 in each sex; interaction p-
value = 0.04 for men and 0.01 for women).

Conclusion—A larger hip circumference for a given waist circumference and BMI is associated
with a reduced risk of type 2 diabetes.
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Type 2 diabetes is becoming an increasing problem worldwide. The rise in Asian
populations is particularly alarming, with China accounting for 12% of the global annual
increase in diabetes and arguably the highest prevalence worldwide (1). The increased risk
of diabetes associated with body mass index (BMI) and abdominal adiposity is well
established and is thought to be primarily mediated through increased circulating levels of
non-esterified fatty acids, or free fatty acids (FFA), released from the more lipolytically
active visceral and abdominal subcutaneous adiposity depots (2–5). FFA interfere with
intracellular insulin signaling and increase hepatic gluconeogenesis (6); overexposure of the
liver and muscle tissue to FFA leads to hepatic (3, 7) and muscle insulin resistance (3, 8). In
addition to the insulin resistance resulting from long term exposure to high FFA levels, high
FFA levels are also thought to be toxic to the pancreatic islets (2, 9). In contrast to
abdominal fat, gluteofemoral subcutaneous fat is less lipolytically active and appears to
serve as a metabolic sink, trapping excess FFA and thus protecting other body tissues and
organs from chronic exposure to high levels of FFA. Increased thigh fat is associated with
increased insulin sensitivity (10).

A few reports indicate that an increased hip circumference for a given waist circumference
is associated with a decreased risk of type 2 diabetes (11–14). However, these reports have
been based on European populations. To our knowledge, there has only been one report on
the relationship of hip circumference with the risk of type 2 diabetes in a Chinese
population; however neither waist circumference or BMI were accounted for (15).
Furthermore, it remains unknown whether the association between hip circumference and
type 2 diabetes risk may vary by BMI. We report here a comprehensive evaluation of the
relationship of hip circumference with the incidence of type 2 diabetes in two large cohort
studies of over 130,000 Chinese men and women. Because of the sexual dimorphism in fat
distribution (16) and FFA metabolism (16–17), analyses were conducted sex-specifically.

Methods
The Shanghai Women’s Health Study (SWHS) and the Shanghai Men’s Health Study
(SMHS) are population-based prospective studies of Chinese women aged 40 to 70 years
and men aged 40 to 74 years living in urban Shanghai. The two cohort studies were designed
to investigate the association of diet and lifestyle factors with chronic diseases. Details of the
study design, methods, and baseline questionnaires have been previously described (18–19).
Briefly, trained interviewers recruited 74,942 women between March 1997 and May 2000
and 61,500 men between March 2002 and June 2006 from urban Shanghai and conducted
in-person interviews following a standard protocol. The overall response rates were 92% for
women and 75% for men. Study protocols were approved by the institutional review boards
of all institutes involved; written informed consent was obtained from all participants prior
to interview. During the interview, data on dietary habits, physical activity, reproductive
history, educational attainment, income, occupation, and physician diagnosis of specific
chronic diseases, including diabetes, were collected using structured questionnaires (18, 20).
The cohorts were followed by biennial in-person survey and record linkage with the
Shanghai vital statistic registry. During follow-up, each participant was asked whether he/
she had been diagnosed by a physician to have diabetes since study enrollment. Participants
who reported having been diagnosed with diabetes by a physician were further asked to
provide information on symptoms, diagnostic tests, the date of first diagnosis, and the use of
oral hypoglycemic medications and insulin. The specific information asked for from the
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diagnostics were a blood glucose concentration ≥11.1 mmol/L, or on two separate occasions
a fasting glucose concentration of ≥7 mmol/L. Type 2 diabetes cases included in this study
met at least one of the following criteria: reporting a fasting glucose concentration of ≥7
mmol/L on two separate occasions, reporting ≥11.1 mmol/L glucose concentration on an
oral glucose tolerance test and/or reporting use of a hypoglycemic agent. All other self-
reported cases of diabetes were excluded from analyses.

Anthropometric data was collected during the baseline interview. Height, weight, and waist
and hip circumferences were measured by trained interviewers. Measurements of waist
circumference were taken 2.5 cm above the umbilicus and hip circumference at the
maximum width of the buttocks. Circumferences were measured to the nearest 0.1 cm.
Weight was measured to the nearest 0.1 kg. BMI was calculated (kg/m2).

Detailed assessment of physical activity was obtained using a validated questionnaire (PAQ)
(21–22), which evaluated regular exercise and sports participation during the last 5 years.
Exercise/sports energy expenditure was estimated, using standard metabolic equivalent
values (METs) (23), by the weighted average of energy expended in all activities reported
over the last 5 years preceding the survey (MET-hours/day/year). Information on daily life
activities was also collected and METs calculated using a compendium of physical activity
values (23). Total physical activity (MET/hr/day/year) was calculated by combining leisure
time physical activity, daily living physical activity and commuting physical activity.
Energy intake was estimated based on a validated food frequency questionnaire (24) and
nutrient information from the Chinese Food Composition Tables (25).

There were 7,357 (3,865 men; 3,492 women) participants who reported having diabetes at
baseline and another 2,081 tested positive for glucose in their urine at baseline; these
participants were excluded from analyses. Further exclusions included baseline cancer cases
(n=1,415), those with missing follow-up data on diabetes (n=77), self-reported incident
diabetes cases not meeting the above listed criteria for a diabetes case (n=980), and
individuals with missing anthropometric data (n=2).

The student’s t test and the chi-square test were used to compare differences in continuous
and categorical data, respectively. Cox proportional hazards analysis with age as the time
scale was used to determine the association of each anthropometric index with diabetes risk.
Covariates adjusted in the analysis included educational attainment level, occupational
status, income, hypertension, a family history of diabetes, energy intake, total physical
activity, current smoking status, and alcohol consumption. To control for BMI and waist
circumference in the association of hip circumference with type 2 diabetes, models included
both waist circumference and the residuals of BMI after being regressed on waist
circumference as covariates. To maximize the number of participants in each group, the
median BMI (23.6 kg/m2 in both men women) and median waist circumference (85 cm in
men and 77 cm in women) were used in stratified analyses. A high BMI were defined as
being above the median BMI and a high waist circumference as above the median waist
circumference. The restricted cubic spline function in Cox proportional hazards analyses,
with follow-up time as the time scale, was also used to evaluate the shape of the association
of hip circumference residuals with type 2 diabetes risk. Knots were placed at the 5th, 27.5th,
50th, 72.5th, and 95th percentiles of hip circumference residuals. The 50th percentile of hip
circumference residuals was used as the reference (26). The variance inflation factor (VIF)
was used to evaluate multicollinearity in models including more than one anthropometric
measurement. The VIF for the various anthropometric variables was ≤ 2, suggesting that
multicollinearity was not a significant concern. A p-value of <0·05 was considered
statistically significant. All analyses were conducted using SAS 9·1·3 (Cary, N.C.).
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Results
During follow-up (an average of 4.0 years in men and 7.8 years in women), 2,760
individuals developed diabetes. Baseline characteristics of study participants are presented
in Table 1. Incident cases of type 2 diabetes were older, had a higher BMI, waist
circumference, hip circumference, and waist-to-hip ratio, compared with participants who
did not develop diabetes. They were less educated, more likely to come from lower income
families, and were more likely to have a history of smoking and a family history of type 2
diabetes. Physical activity was slightly lower in men, but not women, who developed type 2
diabetes.

Table 2 shows the multivariable adjusted risk of type 2 diabetes, by sex, for each of the four
anthropometric indices. For each of the anthropometric indices, type 2 diabetes risk
increased with increasing adiposity. All four anthropometric measures similarly predicted
type 2 diabetes risk.

Pearson correlation analyses revealed strong correlations between hip circumference and
waist circumference (r=0.81 and 0.82 for men and women, respectively), hip circumference
and BMI (r=0.76 and 0.80 for men and women, respectively), and waist circumference and
BMI (r=0.84 for both men and women); a moderate correlation between WHR and BMI
(r=0.57 and 0.46 for men and women, respectively); and a modest correlation between WHR
and hip circumference (r=0.27 and 0.19 for men and women, respectively).

The effect of hip circumference on type 2 diabetes risk after accounting for the effects waist
circumference and BMI are presented in Tables 3–5. The first model in each table
demonstrates the univariate risk of type 2 diabetes by quintiles of hip circumference. Model
2 demonstrates this risk after the effect of waist circumference has been accounted for.
Model 3 shows the effect of hip circumference on risk of type 2 diabetes after accounting for
both waist circumference and BMI. The final model further controls for hypertension,
physical activity, caloric consumption, smoking, a family history of type 2 diabetes,
education, and income.

Model 1 in Table 3 shows that with each quintile of hip circumference, type 2 diabetes risk
increased in both men and women. Model 2 shows that when the risk associated with waist
circumference was accounted for, the increased risk associated with hip circumference
disappeared in men, while in women a protective effect emerged. Model 3 shows that a
protective effect of hip circumference emerged in men after further controlling for BMI,
while this additional adjustment appeared to strengthen the protective association in women.
Further adjustment for other potential confounders added no additional information (model
4).

When stratified by median BMI (Table 4), the protective effect of a higher hip
circumference appeared to be stronger in those with a BMI ≤ the median (p-values for
interaction terms=0.04 for men and 0.01 for women), although for men this was only
significant in the two highest quintiles (models 2–4). For women, this significant protective
effect was observed beginning in quintile 3. Controlling for BMI (model 3) and other
potential confounders (model 4) did not appear to have any further effect beyond that of
waist circumference (model 2), with exception of that of women above the median BMI,
where further controlling for BMI appeared to strengthen the protective association in the
highest quintile (model 3).

When stratified by median waist circumference (Table 5), in men with a waist
circumference below the median, hip circumference demonstrated a linearly protective
relationship with type 2 diabetes risk once the effect of waist circumference was accounted
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for (model 2), which was strengthened after further controlling for BMI (model 3), but no
significant association was seen in men with a waist circumference > the median (p-value
for interaction term=0.02). In women with a waist circumference ≤ the median, after
adjusting for waist circumference (model 2) there was a strong reduction in risk compared to
the first quintile, which was strengthened after further controlling for BMI (model 3). In
women with a waist circumference > the median, there was also a reduction in risk after
adjusting for waist circumference (model 2), which was also strengthened after further
controlling for BMI (model 3) (p-value for interaction term=0.13) (Table 5). Further
adjustment for other potential confounders added not additional information in either sex
(model 4). In all models in which waist circumference or BMI was a covariate, waist
circumference and BMI remained positively associated with the incidence of type 2
diabetes.

Ten percent of men and 14% of women had BMI greater than or equal to the World Health
Organization’s (WHO) Asian-specific threshold for obesity (27.5 kg/m2), while 29% of the
men and 40% of the women had a waist circumference ≥ of the WHO Asian-specific
threshold for abdominal obesity (90 cm for men and 80 cm for women). When the data was
reanalyzed stratified by these cutpoints, similar results were obtained. Figures 1 and 2, by
use of cubic splines, graphically depict the multivariable association of the residuals of hip
circumference, after being regressed on waist circumference, with type 2 diabetes risk in
men in women, respectively.

Discussion
The increased risk of type 2 diabetes associated with increased BMI and abdominal
adiposity are well established. Consistent with this, we found that all three of the commonly
used anthropometric risk markers, i.e. BMI, waist circumference, and the waist-to-hip ratio,
similarly predicted type 2 diabetes (27). In this large Asian population, we also found that a
larger hip circumference was associated with a reduced type 2 diabetes risk after accounting
for overall and central obesity and also found that this relationship was greater in lean
individuals. Furthermore, in mutually adjusted analyses, although a larger hip circumference
was associated with a lower risk, waist circumference and BMI remained positive risk
factors for type 2 diabetes.

Our results are in agreement with a few European studies that have shown a protective effect
of a larger hip circumference on type 2 diabetes risk. In an analysis of 1405 Swedish
women, narrower hips were associated with the 24-year incidence of diabetes after
controlling for BMI, waist circumference, age, and smoking status (14). A smaller hip
circumference for a given waist circumference was also predictive of the incidence of type 2
diabetes in 1357 men and women from the Horne Study (11). To our knowledge, only one
other study has looked at hip circumference as a predictor of type 2 diabetes in a Chinese
population. Wang et al prospectively followed 2,190 Taiwanese men and women and found
that a larger hip circumference was positively associated with the incidence of type 2
diabetes (15). However, waist circumference was not accounted for. In our study, the
association of a larger hip circumference with a lower risk of developing type 2 diabetes
only emerged after accounting for waist circumference.

The association of a larger hip circumference with a lower risk of developing type 2 diabetes
may be attributed to gluteofemoral subcutaneous fat functioning as a ‘metabolic sink’,
entrapping FFA (28–29). In women, the increased lipoprotein lipase activity in this region
increases the catabolism of triglycerides and their storage into adipocytes. In both men and
women, adipocytes in gluteofemoral adipose tissue are less lipolytically active than
abdominal visceral or subcutaneous adipose tissue (30–31). Gluteofemoral subcutaneous
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adipose tissue has been shown to be more insulin sensitive than upper body adipose tissue.
Lower fasting insulin levels (32), lower blood glucose concentrations (33), a lower HbA1c
(33), and increased insulin sensitivity are observed in those with a larger hip circumference.
In particular, greater thigh subcutaneous adipose tissue is associated with lower insulin
levels and increased insulin sensitivity (34–35). Thus the reduced incidence of type 2
diabetes associated with a larger hip circumference in our population, when other
anthropometric measures were held constant, may relate to protective effects of
subcutaneous fat.

The stronger relationship of hip circumference with a reduced risk of type 2 diabetes in
those with a BMI below the median may be due to larger hips potentially reflecting
increased gluteofemoral muscle mass, particularly in men. Skeletal muscle is the
predominant target of insulin action; decreased thigh muscle mass, independent of
abdominal fat, is a strong correlate of insulin resistance (36). However, skeletal muscle is
also the main site of insulin resistance, postulated to be due to intramyacellular lipid
derivatives of FFA interfering with insulin signaling (37–38) and with the oxidative capacity
of muscle tissue (39). As muscle mass increases with weight even in the obese, and hip
circumference generally increases with waist circumference and BMI, increased
intramuscular fat in those with a high BMI or waist circumference may have counteracted
the effect of increased muscle mass and/or subcutaneous fat observed in participants with a
larger hip circumference in our population.

The sex difference observed in this study, particularly at a high BMI or waist circumference,
may be due to hip circumference better reflecting peripheral adipose tissue in women (40)
and better reflecting muscle mass in men (41). Lipoprotein lipase activity is increased in the
peripheral adipose tissue in women and in abdominal adipose tissue in men. Thus a larger
hip circumference may indicate increased storage of FFA in, and slower release from,
gluteofemoral subcutaneous adipose tissue in women. In men, a larger hip circumference
and a high BMI or waist circumference may reflect increased muscle mass as well as an
increase in FFA stored in, and released from, the more lipolytically active abdominal fat,
thus offsetting the increased skeletal muscle insulin sensitivity. The lack of a relationship
between hip circumference with type 2 diabetes risk in men with a BMI or waist
circumference greater than the median seems to support this. In the Atherosclerosis Risk in
Communities study, the protective effect of a larger hip circumference for a given waist
circumference and BMI was only observed in women (42).

A strength of this study is its prospective design; thus our results are not likely to be due to
reverse causality. Additionally, residual analysis was employed in order to avoid the
multicollinearity of the anthropometric indices. Finally, all height, weight, and waist and hip
circumferences in this large study population were measured by trained personnel. However,
a major limitation of this study was that diabetes status was based on self-reported survey
responses. Nevertheless, our results are consistent with previous reports showing a
protective effect of hip circumference on type 2 diabetes risk determined by an oral glucose
tolerance test (11–12). Finally, we had no direct measures of FFA, gluteofemoral fat mass,
or muscle mass and therefore could not provide direct evidence supporting the proposed
underlying biological mechanisms.

Conclusion
In this report, a larger hip circumference was associated with a reduced type 2 diabetes risk
once waist circumference and BMI were accounted for. This association was stronger in
women and men below the median BMI or waist circumference. In addition to the
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established protective effect of greater muscle mass, these findings support the evolving
knowledge of the protective role gluteofemoral subcutaneous fat in diabetes.
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Figure 1.
Cubic Splines of Risk Diabetes in Men by the Residuals of Hip Circumference Regressed on
Waist Circumference. Knots were placed at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles
of hip circumference residuals. The 50th percentile of hip circumference residuals was used
as the reference. Multivariable Cox proportional hazards model additionally controlled for
waist circumference, residuals of BMI regressed on waist circumference, education, income,
occupational status, energy intake, physical activity, current smoker status, alcohol
consumption, hypertension, and a family history of type 2 diabetes.
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Figure 2.
Cubic Splines of Risk of Diabetes in Women by the Residuals of Hip Circumference
Regressed on Waist Circumference. Knots were placed at the 5th, 27.5th, 50th, 72.5th, and
95th percentiles of hip circumference residuals. The 50th percentile of hip circumference
residuals was used as the reference. Multivariable Cox proportional hazards model
additionally controlled for waist circumference, residuals of BMI regressed on waist
circumference, education, income, occupational status, energy intake, physical activity,
current smoker status, alcohol consumption, hypertension, and a family history of type 2
diabetes.
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Table 1

Baseline Characteristics of Study Participants, mean (SE) or % (n)

Men Women

Cases (n=955) Non-cases (n=55,148) Cases (n=1799) Non-cases (n=66,474)

Age, yr 56.9 (0.31) 54.4 (0.04) § 56.0 (0.20) 51.4 (0.03) §

BMI, kg/m2 26.0 (0.10) 23.6 (0.01) § 26.8 (0.09) 23.8 (0.01) §

Waist, cm 91.3 (0.27) 84.7 (0.04) § 85.6 (0.21) 77.2 (0.03) §

Hip, cm 98.2 (0.21) 94.3 (0.03) § 101.2 (0.20) 95.6 (0.03) §

WHR 0.93 (0.002) 0.90 (0.0002) § 0.85 (0.001) 0.81 (0.0002) §

Education

 College+ 24.5 (229) 23.6 (12,818) 10.3 (186) 13.9 (9,267) §

 <Middle school 7.3 (68) 6.3 (3,422) 35.7 (643) 19.3 (12,823)

 Middle/high school 68.2 (638) 70.1 (38,141) 53.9 (970) 66.8 (44,372)

Income

 High income 9.7 (92) 9.7 (5,352)* 28.0 (504) 34.4 (22,883) §

 Low income 51.2 (488) 55.2 (30,369) 33.2 (598) 26.7 (17,744)

 Middle income 39.1 (373) 35.1 (19,307) 38.7 (697) 38.9 (25,832)

Occupation

 Professional 28.9 (276) 26.1 (14,375)* 25.3 (455) 29.0 (19,275) §

 Clerical 23.5 (224) 21.9 (12,055) 18.8 (339) 20.8 (13,810)

 Manual laborer 47.6 (454) 52.0 (28,654) 55.5 (998) 49.9 (33,161)

 Housewife N/A N/A 0.39 (7) 0.34 (228)

Current smoker 51.7 (494) 59.8 (32,988) § 2.5 (44) 2.2 (1,490)

Ever smoker 65.6 (626) 70.2 (38,732) † 3.5 (62) 2.6 (1,721) *

Current drinker 24.8 (237) 29.9 (16,477) ‡ 1.8 (32) 2.0 (1,335)

Tertiles of total physical activity (mets)

 Tertile 1 36.7 (350) 32.9 (18,162) * 32.0 (575) 33.0 (21,956)

 Tertile 2 31.6 (302) 33.0 (18,206) 34.7 (625) 33.0 (21,909)

 Tertile 3 31.7 (303) 34.1 (18,780) 33.0 (599) 34.0 (22,609)

Energy intake, kcal 1935.5 (16.03) 1917.2 (2.06) 1,696.3 (9.9) 1,680.0 (1.6)

Family history of diabetes 26.0 (246) 16.0 (8,782) § 29.1 (502) 15.2 (9,344) §

*
p<0.05

†
p<0.01

‡
p<0.001

§
p<0.0001

Energy intake natural logarithmically transformed before analyses
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Table 2

Risk of Diabetes by Anthropometric Index

Men Women

HR 95% CI HR 95% CI

BMI, kg/m2* 1.88 1.76–2.01 1.70 1.63–1.77

Waist circumference, cm* 1.89 1.77–2.03 1.88 1.80–1.97

Hip circumference, cm* 1.59 1.49–1.70 1.56 1.50–1.63

WHR * 1.66 1.55–1.77 1.50 1.45–1.55

*
Expressed as per standard deviation change.

Multivariable analyses also controlled for education, income, occupational status, energy intake, physical activity, current smoker status, alcohol
consumption, hypertension, and a family history of type 2 diabetes.
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