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decreased high-density lipoprotein cholesterol) in diabetic women than diabetic
men (6-8). This particularly adverse effect on the lipids and lipoproteins of diabetic women could occur even before
the onset of clinical diabetes (9).
Hypertension is common in patients
with
NIDDM (10,11). However,
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glycemia on the incidence of hypertension. Furthermore, no prospective study
has examined whether there is a sex difference in this effect. In this report, we
examine the effects of glycemia on the
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men and women in the 8-yr follow-up of
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explained by sex differences in the effects
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Study, a population-based study of diabetes and cardiovascular disease.
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RESULTS— Women had a greater risk of hypertension with worsening glucose with men (12).
tolerance (RR NIDDM/NGT = 2.65 and RR IGT/NGT = 1.94) compared with men
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classifiable and were excluded from analyses involving diabetes.
Height, weight, and subscapular
and triceps skin folds were determined
after each participant had removed his or
her upper garments and donned an examination gown (17). BMI was calculated as weight (kg) divided by height
squared (m2). The ratio of subscapularto-triceps skin fold (centrality index) was
used as a measure of central adiposity.
(Although information on waist and hip
circumferences were available at the follow-up examination, this information
was not collected at baseline.)
Systolic (lst-phase) and diastolic
(5 th-phase) blood pressures were measured with a random-zero sphygmomanometer (Hawksley-Gelman, Lancing,
Sussex, UK) to the nearest even digit on
the right arm of the seated participant
after at least a 5-min rest period. Three
readings were recorded for each individual, and the subject's blood pressure was
defined as the average of the second and
third readings. The definition of hypertension was a diastolic blood pressure
>95 mmHg or current use of antihypertensive medications (Hypertension Detection and Follow-up Program; 18).
(The use of a definition of hypertension
including both elevated systolic [>160
mmHg] and diastolic blood pressure
yielded similar results to those presented
in this report.)
In October 1987, an 8-yr follow-up was begun to determine the incidence of NIDDM and cardiovascular
disease. Vital status was ascertained on
97.4% of the Mexican Americans and
97.8% of the non-Hispanic whites who
had participated in the 1979-1982 baseline survey originally. The follow-up examination consisted of a home or telephone interview, followed by a medical
examination performed in a mobile clinic
located in the participant's neighborhood. Forty-eight Mexican Americans
and 29 non-Hispanic whites died before
the follow-up interview. Two Mexican
Americans and two non-Hispanic whites
were ineligible for the interview because

of physical or mental disabilities. The
follow-up interview was completed by
96.8% of surviving eligible Mexican
Americans and 97.1% of surviving eligible non-Hispanic whites. One Mexican
American and one non-Hispanic white
died after completing the home interview
but before completing the medical examination. Two additional Mexican Americans completed the home interview but
were then considered ineligible for the
medical examination because of physical
disabilities. The response rate to the
medical examination was 78.9% of Mexican Americans and 73.4% of nonHispanic whites who completed the
home interview. Thus, the overall response rate was 76.4% for Mexican
Americans (0.968 X 0.789) and 71.3%
for non-Hispanic whites (0.971 X
0.734). This report is restricted to the
867 Mexican Americans and 595 nonHispanic whites who were free of hypertension at the baseline examination and
who attended the medical examination 8
yr later. The methods used for an thropometric and blood pressure measurements at the follow-up examination were
identical to those used at the baseline
examination. A complete description of
the follow-up has been published previously (19).
Differences in clinical characteristics between men and women were evaluated with two-way ANOVA with sex
and conversion status to hypertension as
grouping variables. Spearman (nonparametric, univariate) correlations were determined separately by sex. We have
shown previously that the incidence of
hypertension is similar in Mexican Americans and non-Hispanic whites (20). Interactions between ethnicity and sex
were also tested in both ANOVA and
logistic regression; in each case, the interactions were not statistically significant (P > 0.20), suggesting that the effect of independent variables on the
incidence of hypertension was not different in the two ethnic groups. Therefore,
the ethnic groups have been pooled for
ease of presentation and to increase sta-
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households were eligible for study. A total of 1288 Mexican Americans and 929
non-Hispanic whites was included in the
1979-1982 survey. Mexican Americans
were defined as individuals whose ancestry and cultural traditions derived from a
Mexican national origin (14). A detailed
description of the 1979-1982 survey has
been published previously (13). The
overall response rate to the baseline survey was 63.9%. The study was approved
by the Institutional Review Board of the
University of Texas Health Science Center at San Antonio, and all subjects gave
informed consent.
At the baseline examination,
blood specimens were obtained after a
12- to 14-h fast and 1 and 2 h after
administration of a 75-g glucose equivalent load (Glucola, Ames, Elkhart, IN).
Plasma glucose concentrations were
measured with an Abbott Bichromatic
Analyzer (South Pasadena, CA). Insulin
was measured by a commercial radioimmunoassay (Diagnostic Products, Los
Angeles, CA) (15). Postload (2-h) insulin
concentrations were not measured at
baseline. Diabetes mellitus was diagnosed according to WHO criteria (fasting
plasma glucose level >7.8 mM (140 mg/
dl) and/or 2-h postload glucose level
£11.1 mM [200 mg/dl]) (16). Subjects
who did not meet WHO plasma glucose
criteria but were under treatment with
oral antidiabetic agents or insulin also
were considered to have diabetes. IGT
also was diagnosed according to WHO
criteria (fasting plasma glucose level
<7.8 mM (140 mg/dl) and 2-h plasma
glucose between 7.8 and 11.1 mM [140
and 200 mg/dl]). Subjects with NGT had
both a fasting and a 2-h plasma glucose
<7.8 mM (140 mg/dl). Diabetic subjects
who were not taking insulin were considered to have NIDDM. Diabetic subjects taking insulin but whose age at disease onset was > 40 yr and who had BMI
>30 kg/m2 also were considered to have
NIDDM. Other insulin-taking diabetic
subjects were considered to have insulindependent diabetes mellitus or to be un-
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Table 1—Baseline demographic and clinical variables by sex and conversion status at 8-yr follow-up
CONVERSION STATUS
WOMEN
NORMAL

HYPERTENSIVE

768
59

76
55

50.8 ± 0.4
25.3 ± 0.2

BMI

(KG/M 2 )

NORMAL

HYPERTENSIVE

P

58
62

55.7 ± 1.1
27.6 ± 0.5

51.3 ±0.5
26.6 ± 0.2

56.0 ± 1.1
27.7 ±0.7

0.622
0.002
0.042

20.8 ± 0.3
22.9 ± 0.3
0.927 ± 0.012

25.5 ± 1.0
25.7 ± 0.9
1.039 ± 0.04

<0.001
0.005
0.016

19.1 ± 0.3
14.3 ± 0.3
1.43 ± 0.22

20.4 ± 1.1
14.8 ± 0.9
1.52 ± 0.08

0.196
0.606
0.255

5.2 ±0.1
6.5 ±0.11
87.8 ± 17.2

5.8 ± 0.3
8.4 ± 0.7
76.3 ± 3.6

0.001
<0.001
0.043

5.4 ±0.1
0.68 ± 0.2
89.2 ± 15.6

5.6 ± 0.3
6.70 ± 0.3
75.5 ± 5.0

0.502
0.971
0.071

SKIN FOLD
SUBSCAPULAR
TRICEPS
SUBSCAPULAR-TRICEPS SKIN
FOLD RATIO
GLUCOSE (MM)
FASTING
2-H
FASTING INSULIN (PM)

tistical power. Differences in the incidence of hypertension, according to the
level of various risk factors, were tested
by x 2 statistic. Analyses of fasting glucose
and insulin concentrations and 2-h glucose concentrations were performed on
the log-transformed variables to normalize their distributions, and these variables then were back transformed to their
natural units for presentation in the tables. All statistical analyses (except logistic regression analysis) were performed
with SYSTAT statistical software (21).
The test for trend used a \ 2 test. Logistic
regression analyses were performed with
the package developed by Dallal (22).
Independent variables were considered
as categorical variables in Tables 3 and 4
and as continuous variables in Table 5.
Odds ratios were calculated for a 10-yr
age difference and for a 5-kg/m2 BMI
difference. Odds ratios were calculated
by exponentiating the logistic regression
coefficients.
RESULTS— Table 1 shows baseline
demographic and clinical characteristics
of subjects by sex and subsequent conversion status. Women who converted to
hypertension were older and had signif-
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icantly higher BMIs, subscapular and triceps skin folds, ratios of subscapulartriceps skin fold (centrality index),
fasting and 2-h glucose, and fasting insulin concentrations at baseline compared with women who did not convert
to hypertension. In men, converters to
hypertension had higher BMIs and were
older than subjects who remained normotensive at follow-up. No other significant differences were noted between
converters and nonconverters in men. In
neither sex was ethnicity associated with
the incidence of hypertension. In table 2,
Spearman correlation coefficients are
shown separately by sex for possible predictors of hypertension incidence.
Table 3 shows the incidence of
hypertension by level of selected variables. In women, age, BMI, subscapular
and triceps skin folds, centrality index,
glucose tolerance status, fasting and 2-h
glucose, and fasting insulin were all significantly related to the incidence of hypertension. In men, only age and fasting
insulin were significantly related to the
incidence of hypertension. Women had a
greater risk of hypertension with worsening glucose tolerance than men. For
example, the RR of developing hyperten-

1992

sion in NIDDM subjects compared with
those with NGT was 2.65 for women and
1.61 for men. Similarly, the RR of developing hypertension in subjects with IGT
compared with those with NGT was 1.94
in women and 0.84 in men. In subjects
with NGT, men had a higher incidence
of hypertension than women (9.3 vs.
7.1%, respectively). However, women
had a higher incidence of hypertension
in the IGT (13.8 vs. 8.6%, respectively)
and in the NIDDM (18.8 vs. 15.0%, respectively) categories.
Table 4 shows the results of multiple logistic regression analyses with incidence of hypertension as the dependent variable. Glucose tolerance is
treated as a categorical variable in these
analyses. Two different models are presented. Model 1 includes all subjects,
and model 2 excludes insulin-taking
subjects to be able to add plasma insulin
concentrations to the model. In model 1,
age, BMI, centrality index, and NIDDM
are significantly related to the incidence
of hypertension in women, whereas ethnicity and IGT are not. In men, only age
and BMI are significantly related to the
incidence of hypertension. In model 2,
fasting insulin was not significantly re-
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560
59

(%)

AGE (YR)

P

0.551
<0.001
<0.001

N
MEXICAN AMERICAN

MEN
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Table 2—Spearman correlation coefficients between metabolic variables
GLUCOSE
FASTING
2H

0.300*
0.344*
0.118t

1.00
0.429*
0.371*

1.00
0.361*

1.00

0.045
-0.070
0.137*

0.239*
0.079
0.175*

0.292*
0.188*
0.097=f

0.350*
0.228*
0.0911=

0.263

0.319

0.413*

INSULIN

MEN
AGE
ETHNICITY

1.000
-0.057

GLUCOSE
FASTING
2H
FASTING INSULIN
SKIN FOLD
SUBSCAPULAR
TRICEPS
SUBSCAPULAR-TRICEPS SKIN
FOLD RATIO

0.082:F

BM1
WOMEN

AGE
ETHNICITY

1.000
-0.139*

GLUCOSE
FASTING

2H
FASTING INSULIN

0.314*
0.202*
0.071*

1.00
0.462*
0.393*

1.00
0.298*

1.000

0.054
0.117*
-0.030

0.428*
0.338*
0.232*

0.386*
0.241*
0.273*

0.496*
0.354*
0.284*

0.172*

0.451*

0.379*

0.470*

SKIN FOLD
SUBSCAPULAR
TRICEPS
SUBSCAPULAR-TRICEPS SKIN
FOLD RATIO

BM1
®P < 0.001.
t P < 0.01.
W < 0.05.

lated to the incidence of hypertension in
either sex. None of the other independent (or predictor) variables were affected appreciably by the addition of
fasting insulin to the model. Restriction
of the analyses to only nondiabetic subjects also yielded similar results.
Table 5 shows the results of multiple logistic regression analysis in which
fasting and 2-h glucose are treated as
continuous variables. In men, neither
fasting nor 2-h glucose are related significantly to the incidence of hypertension.
The odds ratios for glucose in men is
slightly <1.0, suggesting a mildly protective effect. In women, both fasting and
2-h glucose are related positively to the
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incidence of hypertension, although only
the relationship for 2-h glucose is statistically significant. We also fit a pooled
model, including men and women with a
sex X 2-h glucose interaction term. The
interaction term for sex X 2-h glucose
was almost statistically significant
(P = 0.051), suggesting a greater effect
of glycemia on the incidence of hypertension in women than in men. None of
the other first-order interaction terms involving sex (e.g., sex X BMI) was related
significantly to the incidence of hypertension (P > 0.10) and therefore were
excluded from the final model.
One possible explanation for an
apparent greater effect of glycemia on the

CONCLUSIONS— We have shown in
this report that glycemia has a greater
effect on the incidence of hypertension in
women than in men. This sex difference
does not appear to be caused by other
confounding variables, such as overall
adiposity, body fat distribution, or insulinemia. Although the incidence of hypertension is somewhat higher in normoglycemic men than in normoglycemic
women (Table 3), the opposite is true for
subjects with IGT or NIDDM. Thus, as in
the case of lipids and lipoproteins (6-8),
NIDDM appears to exert a greater adverse effect in women than in men. Our
results on hypertension incidence may
partially explain the relatively greater excess risk of CHD in diabetic women than
in diabetic men (1—3).
We found a somewhat higher
mortality in men with increased glucose
concentrations than in women with increased glucose concentrations. However, for this increased mortality to explain the lesser effect of glycemia on the
hypertension incidence in men, we
would have to hypothesize that men who
died were also more likely to have developed hypertension before death than
women who died. We have no ready way
to assess this possibility.
We also found a greater effect of
body fat distribution on the incidence of
hypertension in women than in men, although the formal test of interaction was
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FASTING

AGE

incidence of hypertension in women
than men might be that men with increased glucose concentrations or blood
pressure might have a relatively higher
mortality than women with these disorders and thus be more likely to be removed before ascertainment at followup. In the 8-yr follow-up of the San
Antonio Heart Study, the mortality rate
was 30.0% for men with diabetes, 10%
for men with IGT, and 2.4% for normal,
nondiabetic men. The corresponding
rates for women were 18.8, 2.8, and
1.7%. (Subjects with hypertension at
baseline were excluded from this analyses.)

Haffner and Associates

Table 3—Eight-year incidence of hypertension by selected demographic and clinical variables at baseline
WOMEN

MEN

N

CUTOFF POINTS

HYPERTENSIVE

(%)

N

CUTOFF POINTS

HYPERTENSIVE (%)

AGE (YR)

3.6
9.4
8.9
16.2
9.0
<0.001

<22.7
22.7-26.3
>26.3

281
281
281

3.6
7.8
15.7
<0.001

9.8
6.9
11.7
0.513

<15.8
15.8-24.3
>24.3

281
281
282

5.3
10.3
13.1
0.002

205
205
205

9.8
8.8
9.8
0.511

<20.0
20.0-25.7
>25.7

281
281
282

5.3
8.9
12.8
0.012

204
205
205

9.3
7.8
11.2
0.511

<0.76
0.76-1.06
>1.06

281
281
282

4.6
10.7
11.7
0.003

461
70
40

9.3
8.6
15.0
0.921

635
109
48

7.1
13.8
18.8
<0.001

<4.9
4.9-5.4
>5.4

204
204
205

8.3
9.7
11.2
0.311

<4.8
4.8-5.1
>5.1

111
278
278

5.8
7.9
13.0
0.002

<5.3
5.3-6.7
>6.7

190
190
191

7.9
11.6
8.9
0.472

<5.3
5.3-6.7
>6.7

263
263
263

3.8
9.1
13.3
<0.001

179
179
179
0.021

6.2
9.5
13.4

163
155
170
130
618

3.1
7.7
16.5
10.0
9.4
0.002

<24.9
24.9-27.7
>27.7

206
206
206

7.8
9.2
11.2
0.083

<15
15.0-21.7
>21.7

204
204
205

<10.7
10.7-15.7
>15.7

<1.20
1.20-1.53
>1.53

TOTAL
TEST FOR TREND (P)
BMI (KG/M2)

Low
MEDIUM
HIGH
TEST FOR TREND (P)
SUBSCAPULAR SKIN FOLD ( M M )

Low
MEDIUM
HIGH
TEST FOR TREND (P)
TRICEPS SKIN FOLD

Low
MEDIUM
HIGH
TEST FOR TREND (P)
SUBSCAPULAR-TRICEPS SKIN FOLD RATIO

Low
MEDIUM
HIGH
TEST FOR TREND (P)
GLUCOSE TOLERANCE STATUS

NGT
IGT
NIDDM
TEST FOR TREND (P)
FASTING GLUCOSE (MM/L)

Low
MEDIUM
HIGH
TEST FOR TREND (P)
2-H GLUCOSE (MM/L)

Low
MEDIUM
HIGH
TEST FOR TREND (P)
FASTING INSULIN (PM/L)

Low
MEDIUM
HIGH

<59.0
59.0-98.6
>98.6

TEST FOR TREND (P)

<52.5
52.5-84.2
>84.2

259
260
260
0.009

6.6
8.9
13.1

*p < 0.05; **p < 0.01; ***p < 0.001
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223
246
214
161
844

25-34
35-44
45-54
55-64

Sex difference and effect of glycemia on hypertension

Table 4—Multiple logistic regression analyses for incidence of hypertension
MEN
95%

WOMEN

CONFIDENCE

95%

CONFIDENCE

ODDS RATIO

INTERVAL

P

ODDS RATIO

INTERVAL

P

1.49
1.40
1.08

1.13-1.96
1.00-1.95
0.65-1.79

0.005
0.045
0.761

1.42
1.36
2.12

1.10-1.83
1.08-1.71
1.08-4.18

0.006
0.008
0.030

1.00
0.91
1.59
0.81

0.34-2.38
0.47-5.42
0.45-1.46

0.839
0.456
0.482

1.00
1.25
2.11
0.86

0.79-1.97
1.12-4.09
0.50-1.51

0.338
0.032
0.604

1.55
1.30
0.96

1.16-2.07
0.95-1.78
0.53-1.72

0.003
0.099
0.882

1.44
1.50
2.47

1.12-1.86
1.17-1.92
1.20-5.09

0.004
0.002
0.014

1.00
0.89
1.49
0.89

0.31-2.63
0.42-5.62
0.48-1.66

0.833
0.515
0.713

1.00
1.30
2.21
0.78

0.82-2.17
1.17-4.17
0.45-1.38

0.301
0.015
0.396

1.00

0.98-1.03

0.908

0.98

0.95-1.01

0.115

MODEL 1
AGE (10-YR DIFFERENCE)
BM1

(5-KG/M 2 DIFFERENCE)

SUBSCAPULAR-TRICEPS SKIN FOLD RATIO
(1-U

DIFFERENCE)

NGT
1GT
N1DDM
ETHNIC GROUP (MEXICAN AMERICAN/
NONHISPANIC WHITE)
MODEL 2 (EXCLUDING INSULIN-TAKING
DIABETIC SUBJECTS)
AGE (10-YR DIFFERENCE)
BM1 ( 5 - K G / M 2 DIFFERENCE)
SUBSCAPULAR-TRICEPS SKIN FOLD RATIO
(1-U

DIFFERENCE)

GLUCOSE TOLERANCE TEST

NGT
1GT
N1DDM
ETHNIC GROUP (MEXICAN AMERICAN/
NONHISPANIC WHITE)
FASTING INSULIN (7.5

PM)

not significant (data not shown,
P = 0.11). In this population, we previously reported a sex difference in the effect
of body fat distribution on the incidence
of NIDDM (greater in women) (12).
Interestingly, we did not find a
sex difference in the effect of fasting insulin on the incidence of hypertension.
In univariate analyses, we found a significant effect of insulin concentrations on
the incidence of hypertension in both
sexes. These results were similar in both
ethnic groups (data not shown). These
data are in contrast to the recently published data of Saad et al. (24), who in
cross-sectional data observed an effect of
insulin resistance on blood pressure in
whites but not in blacks or Pima Indians.
In our population, no evidence of an
ethnic difference was found in the effect
of fasting insulin on the incidence of
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hypertension (25). Laakso et al. (26)
found a stronger relation between insulin
resistance and hypertension in lean compared with obese subjects. We also
found a stronger relationship between
fasting insulin concentration and the incidence of hypertension in lean compared with obese subjects (25), and because Mexican Americans, although
obese (13), are less obese than Pima Indians, they could still be in the range of
adiposity where insulin resistance could
play a role in the pathogenesis of hypertension. In multivariate analyses, no significant relationship was observed between fasting insulin concentrations and
the incidence of hypertension, suggesting that the insulin-blood pressure relationship in the overall population may be
because of other confounding variables
such as glucose tolerance, obesity, and/or

body fat distribution (Table 5). On the
other hand, as mentioned earlier, the association between glucose tolerance,
body fat distribution, and incidence of
hypertension does not appear to be mediated by changes in fasting insulin concentrations. This stands in contrast to the
situation with NIDDM, where the effect
of body fat distribution appears to be
mediated by hyperinsulinemia (23).
In conclusion, we have shown a
greater effect of glycemia and body fat
distribution on the incidence of hypertension in women than in men. These
effects are not dependent on confounding variables such as overall obesity or
hyperinsulinemia. Our results suggest an
additional reason, aside from adverse effects on lipids and lipoproteins, why diabetes worsens the cardiovascular risk of
women more than men.
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GLUCOSE TOLERANCE TEST
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Table 5—Multiple logistic regression analyses for incidence of hypertension with glycemia treated as a continuous variable
MEN
95%

WOMEN

CONFIDENCE

95%

CONFIDENCE

ODDS RATIO

INTERVAL

P

ODDS RATIO

INTERVAL

P

1.47
0.84

1.13-1.91
0.47-1.49

0.005
0.551

1.43
0.91

1.13-1.82
0.53-1.56

0.003
0.732

1.30
1.18

0.95-1.78
0.73-1.90

0.103
0.498

1.33
2.08

1.07-1.65
1.08-4.01

0.010
0.029

0.99

0.89-1.10

0.838

1.05

0.98-1.12

0.153

1.50
0.79

1.13-1.99
0.44-1.43

0.004
0.433

1.35
0.86

1.05-1.73
0.49-1.50

0.020
0.501

1.41
1.13

1.02-1.94
0.69-1.85

0.036
0.640

1.34
2.00

1.07-1.68
1.02-3.95

0.010
0.045

0.92

0.79-1.07

0.283

1.05

1.01-1.09

0.008

MODEL 1 (FASTING GLUCOSE)
AGE (10-YR DIFFERENCE)
ETHNIC GROUP (MEXICAN

AMERICAN/NON-

HISPANIC WHITE)
BMI (5-KG/M 2

DIFFERENCE)

(1-U

DIFFERENCE)

FASTING GLUCOSE (0.6 M M / L DIFFERENCE)
MODEL 2 ( 2 - H GLUCOSE)
AGE (10-YR DIFFERENCE)
ETHNIC GROUP (MEXICAN

AMERICAN/NON-

HISPANIC WHITE)
BMI (5-KG/M 2

DIFFERENCE)

SUBSCAPULAR-TRICEPS SKIN FOLD RATIO
(1-U

DIFFERENCE)

2 - H GLUCOSE (0.6 M M / L DIFFERENCE)
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