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Higher income is more strongly associated with
obesity than with obesity-related metabolic disorders
in Jamaican adults
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OBJECTIVE: This study compares how income is related to obesity vs two obesity-related cardiovascular disease (CVD) risk
factorsFdiabetes and hypertensionFin adults from Jamaica.
DESIGN: A cross-sectional population-based survey was used. In total, 847 men and 1249 women aged 25–74 y were randomly
recruited from a periurban area in 1993–1998.
MEASUREMENTS: Trained interviewers measured anthropometry and blood pressure, obtained fasting blood and collected self-
reported data on income and disease history.
RESULTS: Income was strongly and positively associated with obesity in men. In women, obesity levels were high even among
the very poor, and the income gradient was more moderate. Although obesityFand particularly central fatnessFwas strongly
associated with diabetes and hypertension prevalence, income was not significantly related to these disorders.
CONCLUSIONS: Future research in developing countries should independently explore associations between income and
obesity vs obesity-related disorders, and identify factors that explain any disparities.
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Introduction
In developing countries undergoing rapid socioeconomic

change, lifestyle changes such as increased sedentarism and

rising consumption of fats and refined carbohydrates are

thought to be fueling an epidemic of obesity.1,2 In the past,

studies in developing countries generally found higher levels

of obesity in upper socioeconomic status (SES) groups,

suggesting that these lifestyle changes were largely adopted

in relatively well-off groups.3,4 However, recent studies in

several middle-income countries have reported dramatic

increases in obesity in low-SES groups, attenuating the

SES-obesity association.5–7 Studies in other middle-income

countries are needed to assess the extent to which obesity is

increasing in low-income groups. A better understanding

of the changing SES distribution of obesity may also

provide insights on the sociocultural etiology of the obesity

epidemic.

Rising obesity prevalence in developing countries is of

particular concern because of the strong link between

obesityFin particular abdominal obesityFand metabolic

disorders associated with cardiovascular disease (CVD) risk,

such as hypertension, diabetes and dyslipidemia.8–10 Increas-

ing obesity in low-SES strata may well contribute to increases

in these disorders among the poor. Since few recent studies

have examined relationships between SES and CVD risk

factors in developing countries, however, it is uncertain to

what extent emerging obesity patterns reflect the distribu-

tion of these disorders.11–15

This paper examines how income is related to prevalent

obesity and two CVD risk factorsFdiabetes and hyperten-

sionFamong adults in Jamaica, a middle-income develop-

ing country in the Caribbean. We describe the income

distributions of both general and central obesity. Several

studies have found central obesity to be a better predictor of

chronic disease risk than measures based on body mass indexReceived 13 December 2002; revised 24 June 2003; accepted 13 July 2003
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(BMI) alone.16,17 Thus, it is important to evaluate whether

the SES distribution of more generalized overweight and

obesity adequately reflects the distribution of excessive

central fat distribution. In addition to obesity, we describe

the distribution of hypertension and diabetes across income

strata, and compare the direction and magnitude of these

patterns with the distribution of various indices of obesity.

Finally, we estimate associations between different types of

obesity and prevalence of these disorders, and use stratified

analysis to examine whether there is evidence of dispropor-

tionately high adverse effects among the poor.

Subjects and methods
Data for this analysis come from an ongoing survey initiated

as part of the International Collaborative Study on Hyper-

tension in Blacks (ICSHIB). A stratified sample of men and

women in four age groups (25–34, 35–44, 45–54 and 55–74 y)

was recruited from randomly selected census enumeration

areas in and around Spanish Town, a periurban area

neighboring the capital city of Kingston. A total of 2096

subjects were recruited between January 1993 and January

1998. The response rate was 61%. Further details on the

design have been published previously.18,19

All data were collected by trained staff using standardized

procedures. Height (to the nearest 0.1 cm) and weight (to the

nearest 0.1 lbs) were measured without shoes and with light

clothing. Digital scales were calibrated daily. Weight was

converted to kilograms by dividing by 2.2046. Circumfer-

ences (hip and waist) collected as prescribed by Lohman

et al20 were duplicated and the mean (in cm) was used. If

measures differed by 40.5 cm, a third circumference was

obtained and the mean of the two closest measures was used.

BMI was used as an indicator of general excess in total

body fat. Standard cutpoints (weight (kg)/height2 (meters))

were used to define general overweight (25–o30) and

obesity (Z30).21 Underweight (BMIo18.5 kg/m2; 6.5% of

men and 4.8% of women) and normal weight subjects were

pooled since separating this group had little effect. As few

men were obese (n¼ 60 with income data), overweight and

obesity were combined in most models; when cell sizes were

sufficient, supplementary analysis was used to verify that

patterns for overweight and obese men were similar. Waist

circumference (WC) provides an index of abdominal fatness,

while waist-to-hip ratio (WHR) measures the ratio of upper

body fat to lower body fat and muscle mass. Large WC was

defined as 494 cm for men, and 480 cm for women;21,22

WHR was categorized as high if 40.94 for men and 40.80

for women.23–25 Incorporating action level 2 cutpoints of

WC4102 cm in men and 88 cm in women, and correspond-

ing cutpoints of 1.02 and 0.88 for WHR did not meaningfully

influence results. The use of standard cutpoints allows

comparisons across countries,26 although they may not

maximize sensitivity or specificity for predicting risk in this

population. Results were similar using continuous variables

(not shown).

Obesity indices were moderately to highly correlated. The

Spearman correlations between categorical variables in men

were: 0.46 between overweight/obese and high WHR; 0.57

between overweight/obese and large waist and 0.66 between

high WHR and large WC. In women, correlations were 0.30,

0.76, and 0.48, respectively. Although models that adjusted

simultaneously for multiple indices of obesity did not have

collinearity problems (variance inflation factors were o5), in

some models, interactions between indices of overweight/

obesity and central fatness (WHR or WC) were statistically

significant, and resulted in excessive collinearity (variance

inflation factors 410). Therefore, to ensure that associations

with different patterns of obesity were estimated reliably, we

substituted variables in which participants were crossclassi-

fied based on general overweight and central fatness (WHR

or large WC). While adequate numbers had isolated over-

weight or overweight combined with large WC, however,

nonoverweight participants with large WC were omitted as

there were too few to analyze this group separately (n¼34

women, four men).

Diabetes (available for 91% of participants) was defined as

self-reported current use of insulin or oral diabetes medica-

tion, fasting glucose levels Z7.0 mmol/l, or 2-h postload

glucose Z11.1 mmol/l.27,28 Hypertension (available for 99%)

was defined as current medication use, mean systolic blood

pressure (SBP) Z140 mm Hg, or mean diastolic blood

pressure (DBP) Z90 mm Hg.29 Associations between income

and hypertension, including treatment and awareness, have

been reported previously in greater detail.30

Current income category in Jamaican dollars (pJ$600,

601–1000, 1001–3000, 3001–600, 6001–12000, Z12000) was

obtained by self-report. Category midpoints were used to

deflate income to 1993 Jamaican dollars based on data from

the Statistical Institute of Jamaica.31 Poverty was defined as

monthly incomes pJ$3000/month, approximately the offi-

cial poverty line.32 A total of 18% of participants declined to

report income. There was no difference in age, sex, body

composition, blood pressure or glucose measures among

those with vs without income data. However, income was

somewhat more likely to be missing among diabetic than

nondiabetic women (24 vs 17%). In selected models, we also

confirmed that an imputed income variable yielded similar

findings to those presented (not shown).30 In addition to

imputed income, we confirmed that relationships were

similar using family income data (Spearman’s R with

individual income¼0.78) collected from a subgroup of 997

subjects as part of an earlier substudy.33 The validity of

income was further corroborated by a strong positive associa-

tion with education: 62% of subjects with r6 years of

education fell below the poverty line, while 69% of subjects

with college education has incomes of J$6000 or more.

All analysis used Stata version 7.0 (Stata Corp, College

Station, TX, USA). Age- and sex-adjusted means and

percentages were used to describe the prevalence of obesity

and each disorder across SES strata (using age groups 25–34,

35–44, 45–54 and 55–65 and 65þ y). Excluding participants
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(27 men and 27 women) reporting a history of congestive

heart failure, stroke or diagnosed heart disease had little or

no effect, therefore these subjects were included.

Multivariate associations were estimated using logistic

(binary outcomes) or multinomial regression (multilevel

outcomes, eg overweight or obese vs normal weight).

Variables included as confounders in multivariate models

were age, education level (p6th grade, any high school, any

college), cigarette smoking (current, past or never), marital

status (married or coresiding; widowed, divorced or sepa-

rated; single and never married) and family history of

hypertension or diabetes (any first-degree relative, uncertain,

no). These variables changed coefficients of interest by

415% in at least some models. Selected models also

included simultaneous adjustment for multiple indices of

obesity. Interaction terms were defined as significant if

Po0.15. Results are presented as odds ratios (ORs) and 95%

confidence intervals (CIs).

Results
Income and overweight/obesity

Higher income was positively associated with both general

and central obesity. Income distributions were similar for

different indices of obesity (Figure 1, Table 1). Among men,

prevalence of various measures of obesity ranged from 4 to

10% in the poorest income group. Prevalence increased fairly

linearly, peaking sharply in the highest income group. After

multivariate adjustment, men with the highest incomes had

four times greater odds of general obesity than the poorest

men, while odds were increased two-fold in the second-

highest income group (Table 2). Crossclassifying based on

central and general indices of obesity suggested that income

was particularly strongly related to central fatness in men. In

multivariate multinomial models, ORs comparing the high-

est vs lowest income groups were 7.80 (CI 3.58–16.97) for

overweight with high WHR, and 3.38 (CI 0.94–12.12) for

high WHR alone, but only 1.14 (CI 0.57–2.30) for overweight

in the absence of high WHR (referent¼normal weight,

normal WHR). Substituting obesity for overweight did not

meaningfully change results. Similarly, there was a statisti-

cally significant four-fold higher odds of overweight with

large WC in the highest vs lowest income groups, but no

difference in the odds of overweight alone.

Levels of obesity in the poorest women were several times

higher than those in men; prevalence ranged from 30 to

56%, depending on the measure used. Furthermore,

although obesity prevalence in women was generally higher

above than below the poverty line (J$3 K), income-related

differences were more moderate than in men. Multivariate

ORs comparing prevalence in women above vs below the

poverty line were significant for overweight, obesity, and

large WC, but not for high WHR. Moreover, unlike men,

some indices peaked or reached a threshold at the poverty

line: prevalence differences across the top income groups

were small (Figure 1). Also in contrast to men, crossclassify-

ing based on different indices did not suggest that income

was more strongly associated with central than with general

obesity. Nonpoor women had similarly increased odds of

overweight combined with high WHR (adjusted multi-

nomial OR 1.75, CI 1.21–2.53) and overweight alone (1.87,

CI 1.23–2.71), but were no more likely than poor women to

have isolated high WHR (0.95, CI 0.51–1.75). Results were

similar when obesity was used rather than overweight (not

shown), or when WC was used to characterize central fatness

(multinomial OR 1.62, CI 0.96–2.71 for overweight; and

1.96, CI 1.42–2.72 for overweight with large WC, refer-

ent¼normal weight and WC).

Income and diabetes/hypertension

In contrast to the strong gradient observed for obesity,

income distributions of prevalent hypertension and diabetes

in men were weak and nonlinear (Figure 2). As described

previously, the distribution of hypertension was J-shaped:

the top-income group tended to have the highest levels of

hypertension, but levels were also elevated in the poorest

men.30 The distribution of diabetes was irregular, although

levels were highest in the top-income group. After adjust-

ment, income associations with both diabetes and hyperten-

sion were weak and nonsignificant. Comparing the highest

vs lowest income groups, adjusted ORs were 1.47 (CI 0.78–

2.77) for hypertension, and 1.51 (CI 0.64–3.61) for diabetes.

Among women, distributions of both diabetes and hyper-

tension were U-shaped, although levels of diabetes peaked in

the lowest rather than the highest income group (Figure 2).

Although there were some significant differences in pre-

valence between intermediate-income groups and the

groups with peak prevalence, differences in the highest vs

lowest income groups were not significant (adjusted OR

0.64, CI 0.31–1.32 for diabetes; and 1.55, CI 0.87–2.76 for

hypertension). Indeed, despite having relatively high levels

of obesity, diabetes prevalence was lower in nonpoor than in

poor women (adjusted OR 0.67, CI 0.43–1.04).

Obesity and diabetes/hypertension

Despite the lack of significant relationships with income,

diabetes prevalence was strongly and significantly associatedFigure 1 Age-adjusted prevalence of obesity indices by income.
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Table 1 Age-adjusted distribution of body composition measures by sex and incomea

Age (y) Body mass index (BMI) WC WHR

N (% total) Mean (s.d.) % Overweight % Obese % large % high

Men

All 847 46.4 (14.5) 26.4 8.9 16.5 19.7

W/incomeb 699 46.5 (14.5) 26.2 9.0 16.7 19.8

Income

r1000 155 (22.2%) 55.8 (15.0) 20.5 4.4 8.5 9.7

1000–3000 135 (19.3%) 47.9 (14.1) 21.5 3.6 8.5 10.4

3001–6000 205 (29.3%) 42.3 (13.3) 23.2 9.3 18.1 20.6

Z6000 204 (29.2%) 42.8 (12.2) 39.3 14.0 29.4 36.7

Women

All 1249 46.1 (13.6) 32.8 33.5 59.4 45.9

W/income 1022 45.9 (13.5) 32.6 32.7 58.7 44.9

Income

r1000 369 (36.1%) 50.0 (14.6) 30.4 32.5 56.3 44.9

1000–3000 285 (27.9%) 44.6 (12.8) 32.7 26.1 52.7 43.2

3001–6000 243 (23.8%) 43.2 (11.8) 31.7 41.8 68.0 45.4

Z6000 125 (12.2%) 42.0 (11.4) 36.9 34.4 67.7 51.6

aOverweight¼BMI 425.0 kg/m2; obese¼BMI 430.0 kg/m2; large waist circumference (WC)¼494 cm for men, 480 cm for women; high waist-to-hip ratio

(WHR)¼40.90 for men, 40.80 for women. bW/income: among those reporting income data.

Table 2 Associations between income and overweight/obesitya

BMI category

Overweight Obese Large waist circumference High waist-to-hip ratio

Age-adjusted associations

Men

Income

r1000 (ref) F F F F
1000–3000 1.10 (0.61–2.01) 1.00 (0.31–3.28) 1.15 (0.51–2.56) 1.16 (0.57–2.36)

3001–6000 1.46 (0.84–2.54) 2.28 (0.84–6.18) 2.63*(1.31–5.28) 2.33*(1.22–4.45)

Z6000 3.02*(1.75–5.20) 5.03* (1.92–13.19) 4.92* (2.50–9.70) 6.60*(3.50–12.47)

Women

Income

r1000 (ref) F F F F
1000–3000 0.93 (0.64–1.36) 0.74 (0.50–1.09) 0.88 (0.64–1.22) 1.01 (0.73–1.40)

3001–6000 1.56*(1.02–2.39) 1.82*(1.20–2.76) 1.67*(1.18–2.37) 1.07 (0.76–1.51)

Z6000 1.46 (0.87–2.47) 1.45 (0.87–2.44) 1.58 *(1.02–2.44) 1.35 (0.88–2.07)

Multivariate-adjusted associations

Men

Income

r1000 (ref) F F F F
1000–3000 0.94 (0.50–1.75) 0.90 (0.27–3.01) 1.12 (0.49–2.54) 1.12 (0.54–2.32)

3001–6000 1.14 (0.64–2.04) 1.73 (0.61–4.89) 2.33*(1.14–4.79) 2.06*(1.06–4.02)

Z6000 1.93*(1.07–3.48) 3.96*(1.43–10.97) 4.37*(2.13–8.96) 5.58* (2.84–10.97)

Women

Income

r1000 (ref) F F F F
1000–3000 0.96 (0.65–1.42) 0.75 (0.50–1.13) 0.92 (0.66–1.27) 1.03 (0.74–1.43)

3001–6000 1.61*(1.04–2.48) 1.83*(1.19–2.80) 1.66*(1.16–2.38) 1.05 (0.74–1.49)

Z6000 1.70**(0.97–2.98) 1.66**z(0.95–2.92) 1.69*(1.06–2.71) 1.51**(0.96–2.38)

BMI¼ body mass index. *Po0.05; **Po0.10. aMultivariate models were adjusted for age, marital status, smoking history and education level. Multinomial models

were used for overweight/obesity; logistic models were used for large waist circumference and high waist-to-hip ratio.
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with each individual index of obesity in both sexes (Table 3).

After adjusting for other indices of obesity, measures of

central fatness were more strongly associated with diabetes

than more general measures of overweight and obesity. High

WHR remained strongly and significantly associated with

diabetes in both men and women; associations with large

WC were also strong in women, although marginally

nonsignificant (Po0.10). Models crossclassifying subjects

based on central fatness and overweight also suggested that

central fat was more strongly related to diabetes: overweight

combined with high WHR was an especially strong predictor,

but high WHR in the absence of overweight was also strongly

associated with diabetes. Additionally, in women, there was

a significant interaction between overweight and large WC

(interaction P¼0.06); high WC without overweight was

associated with substantially increased odds of diabetes,

although associations were marginally nonsignificant.

Associations between prevalent hypertension and mea-

sures of obesity or central fatness were also strong and

significant, albeit weaker than for diabetes (Table 3). After

adjusting for other indices, associations remained significant

for generalized overweight/obesity in men but for central

fatness (high WHR) in women. However, associations with

general obesity in women were similar in magnitude, albeit

nonsignificant. As for diabetes, overweight combined with

excessive central fatness was associated with especially high

odds of prevalent hypertension in both sexes (Table 3). There

was a significant interaction between overweight and high

WHR in men (interaction P¼0.12). Measures of obesity wereFigure 2 Age-adjusted prevalence of diabetes and hypertension by income.

Table 3 Associations between indices of obesity and cardiovascular risk factors

Multivariate Multivariate including other obesity measures

Diabetic Hypertensive Diabetic Hypertensive

Men

Individual indices

Overweight/obese 2.74* (1.48–5.04) 3.05* (1.89–4.94) 1.44 (0.66–3.14) 2.27 (1.27–4.06)

Large WC 3.36* (1.81–6.27) 2.93* (1.74–4.91) 1.36 (0.55–3.28) 1.29 (0.63–2.65)

High WHR 4.52* (2.42–8.44) 2.69* (1.66–4.35) 2.97* (1.32–6.69) 1.55 (0.83–2.90)

BMI+WHR

Overweight only 1.60 (0.68–3.79) 1.76z (0.93–3.37) 1.50 (0.62–3.64) 1.73 (0.89–3.36)

High WHR only 3.37* (1.07–10.57) 0.89 (0.35–2.32) 3.25*(1.03–10.23) 0.88 (0.34–2.30)

Overweightt+high WHR 5.49* (2.63–11.43) 4.43* (2.49–7.88) 4.17*(1.44–12.09) 4.05* (1.73–9.42)

BMI+WC

Overweight only 1.71 (0.77–3.79) 2.58* (1.41–4.71) 1.44 (0.63–3.26) 2.42* (1.31–4.47)

Overweight/large WC 3.98* (1.97–8.03) 3.98* (2.24–7.06) 1.94 (0.79–4.78) 3.02* (1.46–6.26)

Women

Individual indices

Overweight 2.36* (1.37–4.06) 1.49z (0.97–2.31) 1.37 (0.63–2.77) 0.98 (0.55–1.74)

Obese 3.34* (1.94–5.78) 2.90* (1.88–4.49) 1.68 (0.78–3.62) 1.68 (0.87–3.23)

Large WC 3.69* (2.27–5.99) 2.61* (1.80–3.77) 1.87z(0.91–3.86) 1.65 (0.90–3.02)

High WHR 3.32* (2.16–5.08) 1.94* (1.39–2.70) 2.45 (1.53–3.91) 1.50* (1.03–2.17)

BMI+WHR

Overweight only 1.91z (0.88–4.12) 1.59z (0.99–2.71) 1.14 (0.44–2.92) 0.95 (0.49–1.83)

High WHR only 2.34z (0.99–5.54) 1.39 (0.74–2.63) 1.80 (0.73–4.48) 1.12 (0.58–2.18)

Overweightt+high WHR 5.99* (3.01–11.93) 2.95* (1.85–4.73) 2.99* (1.13–7.92) 1.49 (0.73–3.04)

BMI+WC

Overweight only 1.98 (0.81–4.89) 0.84 (0.41–1.72) 2.39z (0.95–5.97) 0.88 (0.43–1.80)

Overweight/large WC 4.50* (2.49–8.14) 2.54* (1.69–3.83) 3.28* (1.77–6.10) 2.21* (1.43–3.43)

Referent for all models¼normal weight and/or central fatness. Numbers reflect sample sizes with income data. Multivariate models were adjusted for age, marital

status, smoking history, education level and family history of diabetes (in diabetes models only) or hypertension (hypertension models only). Logistic models were

used for individual indices and for overweight/obesity in women; multinomial models were used for other models, which had multilevel outcomes. WC¼waist

circumference; WHR¼waist-to-hip ratio; BMI¼body mass index. *Po0.05. zPo0.10.
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particularly strongly associated with having both hyperten-

sion and diabetes (4.7% of men, 8.4% of women). For

example, overweight men with high WHR had a more than

10-fold increase in prevalence of both disorders, relative to

normal weight men (adjusted multinomial OR 15.90, CI

5.18–48.75), and a six-fold higher prevalence of only one

disorder (6.03, CI 3.21–11.29). Results were similar in women

(OR 13.36, CI 4.26–41.84 for both disorders; 3.66 CI 2.27–

5.90 for one disorder).

Obesity relationships with diabetes/hypertension
stratified by poverty

We hypothesized that the lack of a strong income gradient in

hypertension or diabetesFdespite strong relationships be-

tween income and obesityFmight be partly attributable to

greater adverse effects of obesity among the poor. After

stratifying on poverty level, data were too sparse to stratify

using smaller income categories, or to account for multiple

obesity indices. Nonetheless, there were no meaningful

differences in relationship between obesity and hyperten-

sion among poor vs nonpoor adults (Figure 3a); interactions

were not significant. Adjusted ORs for prevalent hyperten-

sion were similar among poor and nonpoor men for:

overweight (3.03, CI 1.46–6.29; 3.18, CI 1.68–6.03); high

WHR (2.86, CI 1.32–6.22; 2.97, CI 1.59–5.54) and large WC

(2.55, CI 1.01–6.40; 3.27, CI 1.74–6.18). Likewise, ORs did

not differ significantly in poor vs nonpoor women. ORs were

2.32 (CI 1.47–3.66) vs 1.91 (CI 10.98–3.72) with overweight;

1.61 (1.08–2.41) vs 2.54 (CI 1.46–4.41) with high WHR and

2.59 (CI 1.66–4.02) vs 3.27 (1.66–6.46) with large WC in poor

vs nonpoor women, respectively.

Although the data suggested that associations between

overweight/obesity and diabetes varied with poverty level,

differences were not consistent in men and women

(Figure 3b). In keeping with our hypothesis, obesity was

more strongly associated with diabetes prevalence in poor

(adjusted OR 4.89, CI 2.51–9.53) than in nonpoor women

(adjusted OR 1.39, CI 0.50–3.91). There was a significant

negative interaction between poverty and general obesity

(Po0.05). While interactions were not significant for other

individual obesity indices, associations were somewhat

stronger in poor women for large WC, but weaker for high

WHR. Adjusted ORs for poor vs nonpoor women were 3.97

(CI 2.30–6.85) vs 3.16 (CI 1.08–9.23) for large WC, and 3.02

(CI 1.85–4.93) vs 5.12 (CI 1.94–13.50) for high WHR. In

contrast, there was a significant positive interaction between

poverty and overweight in men (Po0.05). Overweight was

not meaningfully associated with diabetes in poor men

(adjusted OR 1.24 (0.49–3.14), despite a strong association in

nonpoor men (OR 5.64, CI 2.14–14.88)). Again, interactions

were not significant for other indices, but associations were

somewhat weaker in poor than in nonpoor men for both

high WHR (2.90, CI 1.09–7.71; and 5.73, CI 2.42–13.57) and

large WC (2.27, CI 0.78–6.63; and 3.73, CI 1.66–8.36).

Discussion
In this periurban sample of adults from Jamaica, income was

strongly and positively associated with prevalent over-

weight, obesity and central fatness in men. Men in the

highest income group had four times higher odds of

prevalent general obesity, and five to seven times higher

odds of excessive central fatness than the poorest men. The

magnitude of associations was weaker in women, but

nonpoor women remained nearly twice as likely to be obese

than poor women. Particularly in men, high income was also

more strongly related to prevalence of overweight combined

with central fat than to overweight or obesity alone. Only

7.6% of poor men had combined overweight and high WHR,

vs 23.0% of nonpoor men. In women, this pattern of obesity

was only slightly less prevalent among the poor (34.0%) than

the nonpoor (40.5%).

The weaker associations in women may be attributable at

least in part to high levels of obesity observed among even

the poorest women. Levels of general obesity and central

fatness in poor women ranged from 30 to 56%. In contrast,

levels of obesity and central fatness in the poorest men were

low, ranging from 4 to 10% percent. Recent studies in several

other middle-income countries have also reported fairly high

levels of obesity among poor women.6,7,12,26 Several of these

studies reported similar sex disparities in the strength of the

relationship between income and obesity.5,12 Like our data,

these studies observed that in high-SES groups, obesity levels

in women appeared to reach thresholds or even to decline.

Thus in addition to rising levels among poor women, some

researchers have suggested that weak associations between

income and obesity may be in part a result of growing
Figure 3 Age-adjusted prevalence of diabetes and hypertension by income

and obesity.
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awareness of health and nutrition issues, as well as changing

perceptions of weight control and attractiveness, which may

influence diet and exercise patterns in high-SES groups.12 If

so, these trends may be initial markers of a transition from

the positive SES-obesity association typical of developing

countries, to the inverse association typical in more Wester-

nized, industrialized nations.34,35 Growing obesity and

central fatness among the poor may be a result not only of

increasing adoption of more ‘Western’ lifestyles, but also of

elevated risk of selective abdominal adiposity associated with

undernutrition in early life.36–38 To develop effective pre-

vention programs, more research is needed to determine

how obesogenic diet and activity patterns may be evolving

across different levels of SES in middle-income developing

countries, and to assess whether other factors may explain

increasing obesity in economically disadvantaged groups.

The rising obesityFand particularly central fatnessFin

low-income groups is problematic given the strong associa-

tion of obesity with both diabetes and hypertension. Overall,

prevalence of each disorder was high (25% for hypertension,

14% for diabetes), and comparable to rates in developed

countries.39–41 Overweight combined with high WHR was an

especially strong predictor of prevalent hypertension and

diabetes. In addition, high WHR was strongly associated

with increased odds of prevalent diabetes, independent of

high BMI and large WC. Stronger associations with WHR

than with WC or BMI for insulin-related disorders have been

observed in other studies; it has been speculated that this

may be attributable to the fact that WHR reflects variation in

muscle massFof importance for systemic insulin sensitivityF
as well as visceral fat.42

Despite finding strong positive relationships between

income and all measures of obesity, associations between

income and both of these obesity-related metabolic disorders

were weak and nonlinear. The strong positive associations

between income and obesity were incongruous with the

weak, nonlinear associations between income and these

disorders. Indeed, contrary to expectations based on obesity

levels, among women, prevalence of diabetes was somewhat

higher among the poor than the nonpoor. Thus explicit

research on factors other than obesity that may contribute to

metabolic disorders such as hypertension and diabetes is

needed to fully assess how the changes in lifestyles and the

social environment may contribute to CVD risk in popula-

tions undergoing epidemiologic and nutrition transitions.

Data from the Dutch Famine suggest that adult obesity may

exacerbate adverse effects of prenatal undernutrition on

diabetes and impaired glucose tolerance, suggesting that the

poor may have excessive levels of these disorders in part as a

consequence of obesity.43 However, the incongruity in the

income distributions of obesity vs CVD risk did not seem to

be explained by disproportionately high odds of these

disorders associated with obesity among the poor. Stronger

relationships between obesity and diabetes were found only

in women, but not in men. Unfortunately, our data do not

include measures of numerous other factorsFsuch as low

physical activity or early undernutritionFwhich may also

contribute to the high prevalence of metabolic disorders in

the poor. Other studies suggest that higher levels of physical

activity may help to reduce the risk of diabetes among

overweight low-income men.44–46 It has also been suggested

that undernutrition in early life may also contribute to risk

of diabetes and/or hypertension, especially in low-income

groups, even in the absence of obesity.36,47–49 Future research

using other data is needed to explore these issues.

Acknowledgements

M Mendez was funded by NIH #HL 45508 (NHLBI) and #HL

53353 (NHLBI) during the preparation of this manuscript.

References

1 Caballero B. Obesity in developing countries: biological and
ecological factors. J Nutr; 2001; 131: 866S–870S.

2 Drewnowski A, Popkin BM. The nutrition transition: new trends
in the global diet. Nutr Rev; 1997; 55: 31–43.

3 Popkin BM, Paeratakul S, Zhai F, Ge K. A review of dietary and
environmental correlates of obesity with emphasis on developing
countries. Obes Res; 1995; 3: 145S–153S.

4 Sobal J, Stunkard AJ. Socioeconomic status and obesity: a review
of the literature. Psychol Bull; 1989; 105: 260–275.

5 Monteiro CA, D’A Benicio MH, Conde WL, Popkin BM. Shifting
obesity trends in Brazil. Eur J Clin Nutr; 2000; 54: 342–346.

6 Mokhtar N, Elati J, Chabir R, Bour A, Elkari K, Schlossman NP,
Caballero B, Aguenaou H. Diet culture and obesity in northern
Africa. J Nutr; 2001; 131: 887S–892S.

7 Martorell R, Khan LK, Hughes ML, Grummer-Strawn LM.
Obesity in Latin American women and children. J Nutr; 1998;
128: 1464–1473.

8 Reaven GM, Lithell H, Landsberg L. Hypertension and associated
metabolic abnormalitiesFthe role of insulin resistance and the
sympathoadrenal system. N Engl J Med; 1996; 334: 374–381.

9 Liese AD, Mayer-Davis EJ, Haffner SM. Development of the
multiple metabolic syndrome: an epidemiologic perspective.
Epidemiol Rev; 1998; 20: 157–172.

10 Songer TJ, Zimmet PZ. Epidemiology of type II diabetes: an
international perspective. Pharmacoeconomics; 1995; 8 (S1): 1–11.

11 Colhoun HM, Hemingway H, Poulter NR. Socio-economic status
and blood pressure: an overview analysis. J Hum Hypertens; 1998;
12: 91–110.

12 Monteiro CA, Conde WL, Popkin BM. Independent effects of
income and education on the risk of obesity in the Brazilian adult
population. J Nutr; 2001; 131: 881S–886S.

13 Popkin BM. The nutrition transition and obesity in the develop-
ing world. J Nutr; 2001; 131: 871S–873S.

14 Inclen Multicenter Collaborative Group. Socio-economic status
and risk factors for cardiovascular disease: a multicentre colla-
borative study in the International Clinical Epidemiology Net-
work (INCLEN). J Clin Epidemiol; 1994; 47: 1401–1409.

15 Bovet P, Ross AG, Gervasoni JP, Mkamba M, Mtasiwa DM,
Lengeler C, Whiting D, Paccaud F. Distribution of blood pressure,
body mass index and smoking habits in the urban population of
Dar es Salaam, Tanzania, and associations with socioeconomic
status. Int J Epidemiol; 2002; 3: 240–247.

16 Wei M, Gaskill SP, Haffner SM, Stern MP. Waist circumference as
the best predictor of noninsulin dependent diabetes mellitus
(NIDDM) compared to body mass index, waist/hip ratio over
other anthropometric measurements in Mexican Americans: a 7-
year prospective study. Obes Res; 1997; 5: 16–23.

17 Pi-Sunyer FX. Obesity: criteria and classification. Proc Nutr Soc;
2000; 59: 505–509.

Income, obesity and metabolic disorders in Jamaica
MA Mendez et al

549

International Journal of Obesity



18 Ataman SL, Cooper R, Rotimi C, McGee D, Osotimehin B, Kadiri
S, Kingue S, Muna W, Fraser H, Forrester T, Wilks R. Standardiza-
tion of blood pressure measurement in an international com-
parative study. J Clin Epid; 1996; 49: 869–877.

19 Cooper R, Rotimi C, Ataman S, McGee D, Osotimehin B, Kadiri S,
Muna W, Kingue S, Fraser H, Forrester T, Bennett F, Wilks R. The
prevalence of hypertension in seven populations of west African
origin. Am J Public Health; 1997; 87: 160–168.

20 Lohman TG, Roche AF, Martorell R. Anthropometric Standardiza-
tion Reference Manual. Human Kinetics Books: Champaign, IL;
1991.

21 Molarius A, Seidell JC, Sans S, Tuomilehto J, Kuulasmaa K.
Varying sensitivity of waist action levels to identify subjects with
overweight or obesity in 19 populations of the WHO MONICA
Project. J Clin Epidemiol; 1999; 52 (12): 1213–1224.

22 Lean ME, Han TS, Morrison CE. Waist circumference as a measure
for indicating need for weight management. BMJ; 1995; 311:
158–161.

23 Paccaud F, Schluter-Fasmeyer V, Wietlisbach V, Bovet P. Dyslipi-
demia and abdominal obesity: an assessment in three general
populations. J Clin Epidemiol; 2000; 53: 393–400.

24 Centers for Disease Control. Basics about overweight and obesity.
Acessed October; 2001, http://www.cdc.gov/nccdphp/dnpa/obe-
sity/basics.htm.

25 Heymsfield SB, Allison DB, Wang Z, Baumgartner RN, Ross R.
Evaluation of total and regional body composition. In: Bray GA,
Bouchard C, James WPT (eds). Handbook of Obesity. Marcel
Dekker, Inc.: New York; 1997. pp. 41–79.

26 James PT, Leach R, Kalamara E, Shayeghi M. The worldwide
obesity epidemic. Obes Res; 2001; 9 (S4): 228S–233S.

27 American Diabetes Association-Expert Committee on the Diag-
nosis Classification of Diabetes Mellitus. Report of the Expert
Committee on the Diagnosis and Classification of Diabetes
Mellitus. Diab Care; 1997; 20: 1183–1197.

28 Alberti KG, Zimmet PZ. Definition, diagnosis and classification of
diabetes mellitus and its complications: Part 1. Diagnosis and
classification of diabetes mellitus: provisional report of a WHO
consultation. Diabet Med; 1998; 15: 539–553.

29 WHO Guidelines Subcommittee. World Health Organization-
International Society of Hypertension Guidelines for the Manage-
ment of Hypertension. J Hypertens; 1999; 17: 151–183.

30 Mendez MA, Cooper R, Wilks R, Luke A, Forrester T. Income,
education and blood pressure in adults in Jamaica, a middle-
income developing country. Int J Epidemiol; 2003; 32: 400–408.

31 Statistical Institute of Jamaica. Jamaican Statistics/Consumer
Price Indices. Accessed October, 2001, www.statinja.com.

32 Planning Institute of Jamaica. Jamaica Survey of Living Conditions
1998: Overview, March 7, 2001, http://www.pioj.gov.jm/publica-
tionsAccessed October, 2001.

33 Kaufman J, Tracy JA, Durazo-Arvizu RA, Cooper RS. Lifestyle,
education, and prevalence of hypertension in populations of
African origin. Results from the International Collaborative Study
on Hypertension in Blacks. Ann Epidemiol; 1997; 7 (1): 22–27.

34 Sobal J, Stunkard AJ. Socioeconomic status and obesity: a review
of the literature. Psychol Bull; 1989; 105: 260–275.

35 Parsons TJ, Power C, Logan S, Summerbell CD. Childhood
predictors of adult obesity: a systematic review. Int J Obes Relat
Metab Disord; 1999; 23 (S8): S1–S107.

36 Ravelli AC, van Der Meulen JH, Osmond C, Barker DJ, Bleker OP.
Obesity at the age of 50 y in men and women exposed to famine
prenatally. Am J Clin Nutr; 1999; 70 (5): 811–816.

37 Kuh D, Hardy R, Chaturvedi N, Wadsworth ME. Birth weight,
childhood growth and abdominal obesity in adult life. Int J Obes
Relat Metab Disord; 2002; 26: 40–47.

38 Schroeder DG, Martorell R, Flores R. Infant and child growth and
fatness and fat distribution in Guatemalan adults. Am J Epidemiol;
1999; 149: 177–185.

39 Burt VL, Cutler JA, Higgins M, Horan MJ, Labarthe D, Whelton P,
Brown C, Roccella EJ. Trends in the prevalence, awareness,
treatment, and control of hypertension in the adult US popula-
tion. Data from the health examination surveys 1960 to 1991.
Hypertension; 1995; 26: 60–69.

40 Rotimi CN, Cooper RS, Okosun IS, Olatunbosun ST, Bella AF,
Wilks R, Bennett F, Cruickshank JK, Forrester TE. Prevalence of
diabetes and impaired glucose tolerance in Nigerians, Jamaicans
and US blacks. Ethn Dis; 1999; 9: 190–200.

41 Harris MI, Flegal KM, Cowie CC, Eberhardt MS, Goldstein DE,
Little RR, Wiedmeyer HM, Byrd-Holt DD. Prevalence of diabetes,
impaired fasting glucose, and impaired glucose tolerance in U.S.
adults. The Third National Health and Nutrition Examination
Survey 1988–1994. Diabetes Care; 1998; 21: 518–524.

42 Bjorntorp P. Etiology of the Metabolic Syndrome. In: Bray GA,
Bouchard C, James WPT (eds). Handbook of Obesity. Marcel
Dekker, Inc.: New York; 1997. pp. 573–600.

43 Ravelli AC, van der Meulen JH, Michels RP, Osmond C, Barker DJ,
Hales CN, Bleker OP. Glucose tolerance in adults after prenatal
exposure to famine. Lancet; 1998; 351 (9097): 173–177.

44 Manson JE, Nathan DM, Krolewski AS, Stampfer MJ, Willett WC,
Hennekens CH. A prospective study of exercise and incidence of
diabetes among US male physicians. JAMA; 1992; 268: 63–67.

45 Manson JE, Hu FB, Rich-Edwards JW, Colditz GA, Stampfer MJ,
Willett WC, Speizer FE, Hennekens CH. A prospective study
of walking as compared with vigorous exercise in the prevention
of coronary heart disease in women. N Engl J Med; 1999; 341:
650–658.

46 Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG,
Willett WC, Speizer FE, Manson JE. Walking compared with
vigorous physical activity and risk of type 2 diabetes in women: a
prospective study. JAMA; 1999; 282: 1433–1439.

47 Osmond C, Barker DJ. Fetal, infant, and childhood growth are
predictors of coronary heart disease, diabetes, and hypertension
in adult men and women. Environ Health Perspect; 2000; 108 (S3):
545–553.

48 Walker SP, Gaskin P, Powell CA, Bennett FI, Forrester TE,
Grantham-McGregor S. The effects of birth weight and postnatal
linear growth retardation on blood pressure at age 11–12 years. J
Epidemiol Commun Health; 2001; 55: 394–398.

49 Adair LS, Kuzawa CW, Borja J. Maternal energy stores and diet
composition during pregnancy program adolescent blood pres-
sure. Circulation; 2001; 104: 1034–1039.

Income, obesity and metabolic disorders in Jamaica
MA Mendez et al

550

International Journal of Obesity


