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Abstract
Objective—Data from the Multiple Risk Factor Intervention Trial (MRFIT) show an
independent direct association between starch intake and blood pressure (BP) in American men at
higher risk of coronary heart disease (CHD). Cross-sectional INTERMAP data were used to assess
relations of dietary starch intake to BP in men and women from four countries.

Methods—Data include 83 nutrients from four multi-pass 24-h dietary recalls and two timed 24-
h urine collections; eight BP readings; and questionnaire data, for 4,680 participants ages 40–59 yr
from 17 population samples in Japan, People's Republic of China, United Kingdom, and United
States of America.

Results—In multiple linear regression analyses – adjusted for urinary sodium, urinary potassium,
consumption of alcohol, cholesterol, saturated fatty acids, polyunsaturated fatty acids, calcium,
and other variables – starch intake higher by two standard deviations (14.1% kJ) was associated
with systolic/diastolic BP differences of −1.0/−0.9 mm Hg (p =0.09, p <0.05). Results were
similar with additional control for fibre, magnesium, or phosphorus; reduced to −0.5/−0.7 mm Hg
(p =0.47, p =0.13) with separate adjustment for vegetable protein. Findings were similar for all
INTERMAP men, for American men, and for American men at higher CHD risk.
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Conclusions—INTERMAP data indicate that – if any – relations of starch intake to BP are
modestly inverse. Current dietary guidelines for hypertension prevention and control remain
relevant.
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INTRODUCTION
Adverse high blood pressure (BP) levels – prehypertensive and hypertensive – pose a health
risk to a significant proportion of the adult population worldwide.[1] Given that elevated BP
is a potent risk factor for cardiovascular disease (CVD) with no apparent threshold,[2]
public health measures are needed to address the problem throughout the population, with an
emphasis on its primary and primordial prevention.[3]

High sodium intake, inadequate potassium intake, high body mass index (BMI), and
excessive alcohol intake are established independent risk factors for elevated BP.[4–7] Other
dietary factors implicated in BP modification include calcium, magnesium, phosphorus,
vegetable protein, cholesterol, saturated fatty acids (SFA), and polyunsaturated fatty acids
(PFA).[8–12]

Effects of dietary starch – glycemic polysaccharide carbohydrate composed of glucose
molecules; major sources cereals, root vegetables, and legumes[13] – on BP are less studied.
[14] Several randomized trials have compared the effects on BP of substituting total
glycemic carbohydrate (sugars and starch combined) for other macronutrients,[15, 16] but
few have tested starch in isolation.[17, 18] Observational findings of the Multiple Risk
Factor Intervention Trial (MRFIT) indicate a direct association between dietary starch intake
and BP in American men at higher coronary heart disease (CHD) risk. Based on these data,
the INTERMAP Study formed a prior hypothesis that the starch intake of individuals was
directly related to their BP. [19] Here we present findings on that hypothesis.

METHODS
Population Samples, Field Methods (1996–1999)

INTERMAP surveyed 4,680 men and women ages 40–59 years from Japan (4 samples), the
People's Republic of China (PRC, 3), the United Kingdom (UK, 2), and the United States of
America (USA, 8). Participants were randomly recruited from general and occupational
populations, stratified by age and gender.[19] Each participant attended 4 times, visits 1 and
2 on consecutive days, visits 3 and 4 on consecutive days on average 3 weeks later. For BP
measurement, each participant – having emptied his/her bladder – was seated for 5 minutes,
feet flat on the floor, in a quiet room, with no physical activity, eating, drinking, or smoking
in the preceding half hour. Blood pressure was measured twice at each visit with a random-
zero sphygmomanometer. Korotkoff sounds I and V were criteria for systolic BP and
diastolic BP (SBP, DBP). Measurements of height and weight, and questionnaire data on
daily alcohol consumption over the previous 7 days were obtained at 2 visits. Dietary data
were collected at each visit by a trained interviewer with use of the in-depth multi-pass 24-
hour recall method.[20] All foods and drinks consumed in the previous 24 hours were
recorded, including dietary supplements. Questionnaire data were obtained on demographic
and other possible confounders. Quality control was extensive, international, national, and
local.
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Each participant provided two 24-hour urine collections, start and end timed at the research
center (visits 1 to 2 and 3 to 4); measurements included urinary volume, sodium, potassium,
creatinine, urea; 8% of specimens were split locally and sent to the Central Laboratory for
blinded estimation of technical error.[19]

Individuals were excluded if they did not attend all 4 visits; diet data were considered
unreliable; energy intake from any 24-hour dietary recall was below 2,092 or greater than
20,920 kJ/24-hour for women, 33,472 kJ/24-hour for men; 2 urine collections were not
available; data on other variables were incomplete or indicated protocol violation (total
exclusions: 215 people). For each exclusion, a supplementary participant was recruited.

The study received institutional ethics committee approval for each site; all participants gave
written consent; all procedures followed were in accordance with institutional guidelines.

Statistical Methods
Dietary data were converted to nutrient intakes (83 nutrients) with use of enhanced country-
specific food tables, standardized across countries by the Nutrition Coordinating Center,
University of Minnesota.[20, 21] For nutrients supplying energy, intake was calculated as
percent total energy; for others, as intake/1,000 kJ; nutrients were calculated also as
amounts/24-hour. Urinary values/24-hour were calculated as products of urinary
concentrations and timed volume standardized to 24 hours. Measurements/person were
averaged for BP and nutrient variables across the 4 visits; for urinary excretions, across the
two 24-hour collections. For descriptive statistics, means and standard deviations (SD), or
frequencies and percentages, were calculated by country. To identify food sources of starch,
food items were assigned to food groups (automatically by Nutrition Data System software
for the USA,[21] manually for the other countries).

Percentage reliability of SBP, DBP, and starch intake from the mean of the four visits was
estimated from the formula 1/[1+(ratio/4)]×100, where the ratio is intra-individual variance
divided by inter-individual variance, calculated separately for 8 gender/country strata and
pooled by weighting each stratum-specific estimate by sample size minus 1.[22] We are
estimating – as a first approximation – the effect of random error (day-to-day variability) on
reliability of associations of starch intake with BP, expressed as the size of an observed
coefficient as a per cent of the theoretical coefficient in a univariate regression analysis;[22,
23] this does not address the potential effect on starch-BP associations of systematic bias –
likely minimized in INTERMAP by observer training, standardization, certification, multi-
pass methods, open non-leading questioning, and extensive ongoing quality control
throughout the fieldwork.

Associations of dietary variables were explored first by partial Pearson correlation, adjusted
for age, gender, and sample, pooled by country. Multiple regression analyses were used to
assess relations of the dietary starch intake of individuals (% kJ) to their SBP and DBP (mm
Hg). Four sequential regression models were used: Model 1 adjusted for sample, age,
gender, weight (kg); height (m);[24] medical history of CVD or diabetes (yes/no), family
history of hypertension (yes/no/missing), special diet at time of study (yes/no), reported
dietary supplement use at time of study (yes/no), and moderate or heavy physical activity
(hours per day); Model 2: addition of 24-hour urinary sodium and potassium excretion
(mmol/24-h), and 14-day alcohol intake (g/24-h); Model 3: addition of SFA, PFA (both %
kJ), dietary cholesterol, and calcium intake (both mg/1,000 kJ); Models 4a to 4d: all
variables in Model 3 plus vegetable protein (% kJ), or dietary fiber (g/1,000 kJ), or
magnesium (mg/1,000 kJ), or phosphorus (mg/1,000 kJ) regressed separately to avoid
multicollinearity.[25] Country-specific regression coefficients were pooled (weighted by
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inverse of their variance). A chi-square test was used to assess cross-country heterogeneity
of regression coefficients.[26]

Age-starch and gender-starch interactions were assessed by interaction terms in regression
models. Departures from linearity were tested with quadratic terms. Sensitivity analyses
involved: use of nutrient densities adjusted for energy; use of g/24-h intake adjusted for
energy; urinary sodium/creatinine ratio and potassium/creatinine ratio instead of sodium and
potassium; censored normal regression to adjust for antihypertensive treatment effect;[27]
restricting analyses to 2,238 “non-intervened” persons (not on a special diet, not consuming
dietary supplements, not with diagnosed CVD or diabetes mellitus (DM), not taking
medication for high BP, CVD, or DM, i.e., characteristics that could bias observed starch-
BP associations); also 3,671 non-hypertensive persons (SBP <140, DBP <90 mm Hg, not
taking antihypertensive medication); exclusion of pre-identified people with marked intra-
individual variability in nutrient intake and/or SBP, DBP (n=3,473 remain);[19] men only
(n=2,359), USA men only (n=1,103),USA men at higher CHD risk (any one or more of:
systolic BP ≥140 mm Hg, or diastolic BP ≥90 mm Hg, or body mass index ≥30.0 kg/m2, or
current smoker, or history of CVD or DM, or diabetic diet, or taking antidiabetic/
antihypertensive/lipid-lowering/cardiovascular-influencing drugs; n=717). Analyses were
performed with SAS 9.1 (SAS Institute, Cary, NC, USA) by I.J.B. P-values of <0.05
(uncorrected for multiple-testing) were considered statistically significant. Statistical tests
were two-sided except for the chi-square test for cross-country heterogeneity.

RESULTS
Descriptive Statistics

Mean SBP ranged from 117.2 in Japan to 121.3 mm Hg in the PRC (Table S1 at
http://www.jhypertension.com). Mean DBP was lowest in the PRC (73.2 mm Hg) and
highest in the UK (77.3 mm Hg). Energy intake was highest in the USA, lowest in the PRC.
Mean starch intake was highest in the PRC (56.5% kJ), intermediate in Japan (35.5% kJ)
and lower in the UK and USA (25.5 and 22.8% kJ). The USA was the only country where
mean estimated dietary total sugars (26.7% kJ) exceeded starch intake. Rice, noodles, grains,
and flour were the predominant sources of starch in Japan (79.2%), the PRC (85.6%), and
the USA (38.4%) (data not tabulated). Bread products were the predominant source of starch
in the UK (43.1%); second in Japan (7.9%) and the USA (25.7%); negligible in the PRC
(0.8%). Vegetables and beans provided 22.4% of starch in the UK; less in the USA (13.3%),
the PRC (6.4%), and Japan (5.4%).

The univariate estimate of reliability for starch, based on mean of four 24-hour recalls for
each of the 4,680 participants was 73.1% of theoretical coefficient. This is a first
approximation of the likely attenuation of starch-BP associations attributable to day-to-day
variability in starch intake. Country-specific reliability estimates were higher for Japan and
PRC compared to UK and USA (78.4% and 78.8% vs. 69.8% and 69.5%). Blood pressure
reliability estimates were 94.3% for SBP and 93.0% for DBP, uniformly high across
countries.

Partial Correlation
Starch intake (% kJ, adjusted for sample, age, gender) exhibited highest correlation
(positive) with vegetable protein (r= +0.58). Correlation with fiber was r= +0.28, SFA r=
−0.41, 14-day alcohol r= −0.29. Calcium, magnesium, and phosphorus were not highly
correlated with starch (r ranging from −0.11 to +0.11).
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Multiple Regression
In Model 1 – adjusted for multiple non-dietary factors – starch intake higher by 2 SD (14.1%
kJ) was associated with a SBP difference of −1.5 mm Hg and a DBP difference of −1.0 mm
Hg (both p <0.001) (Table 1). Blood pressure differences were reduced with control for
urinary and dietary factors (Model 2 onwards). In Model 3 – adjusted for urinary sodium,
potassium, dietary alcohol, cholesterol, PFA, SFA, calcium – starch intake higher by 2 SD
(14.1% kJ) was associated with SBP/DBP differences of −1.0/−0.9 mm Hg (p =0.09, p
<0.05). With additional control for vegetable protein (Model 4a), BP differences were
further reduced (SBP/DBP −0.5/−0.7 mm Hg, p =0.47, p =0.13). Separate adjustment for
fiber, magnesium, or phosphorus (Models 4b to 4d) yielded similar results to Model 3.

Significant cross-country heterogeneity was not detected in any regression models. Gender-
starch and age-starch interactions were nonsignificant, and there was no evidence of non-
linearity in starch-BP associations.

Sensitivity Analyses
Results of sensitivity and main analyses were generally compatible (summarized for
regression Model 3 in Table 2). Absolute magnitudes of inverse associations between starch
and BP were increased consistently in analyses restricted to 2,238 “non-intervened”
participants. In Model 3, absolute magnitude of the SBP/DBP difference increased from
−1.0/−0.9 to −1.5/−1.2 mm Hg. In analyses restricted to 717 USA men with higher CHD
risk, associations were nonsignificantly inverse.

DISCUSSION
Among the men and women of the INTERMAP Study we found starch intake to inversely
associated with BP – statistically significant in 5 of 7 nutrient-controlled diastolic BP
models – though associations were generally of low-order, and reduced further with control
for vegetable protein.

Thus, INTERMAP findings do not lend support to its prior hypothesis – based on MRFIT
data – of a direct relationship between starch intake and BP. Rather they are similar to
findings among 615 Japanese-Hawaiian men of the Honolulu Heart Program where starch
intake (g/24-h assessed by single 24-hour dietary recall) was inversely associated with SBP
and DBP with adjustment for age, body mass, and alcohol (no adjustment for energy).[29] In
MRFIT, among 11,342 American men ages 35 to 57 years at baseline, with elevated CHD
risk, 6 year mean starch intake (% kJ) was found to be directly associated with 6 year mean
SBP and DBP with multiple adjustments (including energy, alcohol, micro- and
macronutrients).[12, 28]

INTERMAP and MRFIT used similar dietary data collection methods, nutrient calculations,
BP measurements and analyses; nonetheless, study differences may account for disparity in
results: MRFIT volunteers were selected on the basis of higher CHD risk; survey timescales
differed (MRFIT 6 years, INTERMAP 3 weeks); INTERMAP participants were more
diverse (men and women from population or occupational samples in four countries
compared to male volunteers from 18 USA cities). In INTERMAP analyses on 717
American men with higher CHD risk, BP differences were nonsignificantly inverse (not
direct).

The OmniHeart feeding trial found high protein (half from plant sources) or high
monounsaturated fat (MFA) diets reduced BP more effectively than an isocaloric high
carbohydrate diet (based on the DASH [Dietary Approaches to Stop Hypertension] diet, rich
in fruit, vegetables, grains, legumes, nuts/seeds, and low-fat/fat-free dairy products, with
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reduced total and saturated fats, and cholesterol) consumed for 6 weeks by 164 untreated
prehypertensive and hypertensive men and women.[15] Compared to the high carbohydrate
arm, mean BP reductions were: for high protein, −1.4/−1.2 mm Hg; for high-MFA,
−1.3/−0.8 mm Hg. In a recent meta-analysis of 10 trials (including OmniHeart, total n=400,
duration 3 to 14 weeks) that substituted carbohydrate with MFA, high-MFA diet was
associated with significantly lower average systolic/diastolic BP of −2.6/−1.8; this
difference was reduced and non-significant when analyses were restricted to randomized
crossover trials (6 trials remained, total n=281, duration 3 to 14 weeks).[16] Most of these
trials however substituted both sugars and starch, and – given the varying physiological
effects of different carbohydrates[30] – the effect on BP of starch cannot be deduced. The
only large, isocaloric, micronutrient-controlled trial to investigate starch compared a 40g
wheat starch cookie consumed daily for 12 weeks with an isocaloric soybean cookie in 302
prehypertensive and hypertensive Chinese men and women.[18] Participants were counseled
to reduce their usual intake to compensate for the additional energy from the cookie.
Compared to baseline (habitual diet), both interventions resulted in significant BP
reductions, however a larger reduction was observed in the soy protein group (e.g., a mean
SBP change of −13.0 mm Hg, compared to −8.7 mm Hg in the starch group). This result is
consistent with INTERMAP data on independent, inverse associations between vegetable
protein intake and BP;[11] also with the present finding, that modest inverse associations of
starch intake and BP are attenuated by control for vegetable protein. Given the positive
correlation and the coincident sources (e.g., vegetables, grains, nuts, seeds), it is possible
that the observed associations of starch and BP are a proxy for the relations of vegetable
protein to BP (or vice versa). Dietary fiber may also relate inversely to BP[14] and like
vegetable protein, may be found in concert with starch.[31] However, control for dietary
fiber (or magnesium, correlated with both fiber and vegetable protein) did not reduce starch-
BP associations to the same extent as vegetable protein. The relationship of animal protein
intake to BP has historically been more contentious than vegetable protein.[14] In a recent
trial, partial substitution of carbohydrate with protein from lean red meat – equivalent to
5.3% total energy – in 60 hypertensive persons for 8 weeks reduced mean clinic SBP by 5.2
mm Hg (p=0.04).[32] In contrast, INTERMAP data indicate a possible direct associations of
animal protein to BP,[11] and direct associations of red meat to BP: 2 SD higher red meat
intake (102.6 g/24-h) associated with SBP higher by 1.3 mm Hg (p <0.01, adjusted for
multiple confounders including total energy intake and SFA).[33]

Limitations of the INTERMAP findings include: their cross-sectional nature;
underestimation of effect size, attributable to limited reliability in the measurement of
nutrients (i.e., regression dilution bias, despite repeated measures) and systematic bias
(likely minimized by observer training, standardization, certification, multi-pass methods,
open non-leading questioning, and extensive ongoing quality control throughout the
fieldwork); and possible residual confounding. There was little evidence from multiple
sensitivity analyses to indicate substantial uncontrolled bias; analyses limited to “non-
intervened” participants tended to show stronger associations.

Physiological mechanisms for inverse associations between starch and BP are not
forthcoming. Glycemic index (GI) studies show that metabolic effects of different
carbohydrate-containing foods vary.[34] Kopp hypothesized that consumption of high-GI
foods could lead to elevated BP compared to low-GI foods.[35] High glycemic load (GL,
the product of GI and carbohydrate content) foods elicit an elevated insulin response,[36]
possible chronic over-stimulation of pancreatic β-cells, hyperinsulinaemia and insulin
resistance.[37] Hyperinsulinaemia may – hypothetically – raise BP through (for example)
inactivation of nitric oxide (a potent vasodilator), or increased tissue aldehydes leading to
elevated cytosolic free calcium and peripheral vascular resistance.[38] The GI of starch-
containing foods varies widely depending on such factors as variety, ripeness, maturation,
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processing, and preparation,[34] e.g., the GI of pasta ranges from 27 to 78, potatoes 25–111
(white bread=100).[39] Research is needed on relations of dietary GI and GL to BP.

CONCLUSION
The inverse associations of starch intake and BP observed here are potentially at odds with
the literature from feeding trials where BP reductions were observed when starch (or total
carbohydrate) was replaced with soy protein, protein (in particular vegetable), or MFA.[15,
18] Given limited (few studies) and inconsistent observational and trial data, possible
confounding, high correlations, and inability to separate out the specific effects on BP of
starch in the majority of carbohydrate feeding trials, we have no ability at present to draw
etiological conclusions on starch and BP, beyond rejecting the MRFIT inference (direct
relation). These data underscore the value of the DASH diet guidelines for BP maintenance
and control − 55% kJ from carbohydrate and a diet rich in fruit, vegetables, and low-fat/fat-
free dairy products, with reduced total and saturated fats, and cholesterol.[40]

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 2

Sensitivity Analyses: Estimated Mean Difference in Blood Pressure (mm Hg) for Starch Intake (% kJ*) Higher
by Two Standard Deviations†, Regression Model 3

Analysis (Number of people) Systolic Blood Pressure Diastolic Blood Pressure

Difference (Z-score) Difference (Z-score)

mm Hg mm Hg

(a) % kJ with inclusion of energy intake (kJ/24 hours) (n=4,680) −0.93 (−1.63) −0.94 (−2.41)

(b) g/24 hours adjusted for energy intake (kJ/24 hours) (n=4,680) −1.10 (−1.29) −1.06 (−1.81)

(c) % kJ, adjusted for Na/Cr and K/Cr (n=4,680) −1.02 (−1.79) −0.91 (−2.33)

(d) % kJ censored normal regression, adjusting for antihypertensive treatment
(n=4,680) −1.05 (−1.65) −1.05 (−2.46)

(e) % kJ, non-intervened participants (n=2,238)‡ −1.52 (−1.89) −1.23 (−2.23)

(f) % kJ, nonhypertensive participants (n=3,671) −0.77 (−1.60) −0.84 (−2.33)

(g) % kJ with exclusion of people with high day-to-day variability of SBP, DBP, and/
or nutrient intakes (n=3,473) −0.86 (−1.26) −0.65 (−1.40)

(h) % kJ, men only (n=2,359)§ −1.10 (−1.47) −0.68 (−1.26)

(i) % kJ, USA men only (n=1,103)§ −1.99 (−1.94) −0.82 (−1.07)

(j) % kJ, USA men with higher CHD risk(n=717)§ −0.96 (−0.68) −0.41 (−0.40)

Z-score ≥1.96: uncorrected P≤0.05; ≥2.58: uncorrected P≤0.01.

Model 3: Sample, age, gender, weight, height, special diet, supplement use, physical activity, CVD-DM, family history of high BP, urinary Na,
urinary K, dietary alcohol, cholesterol, PFA, SFA, calcium.

Na/Cr, sodium-creatinine ratio; K/Cr, potassium-creatinine ratio

Non-intervened: individuals not on a special diet, not consuming nutritional supplements, not with diagnosed CVD/DM, not taking medication for
high BP/CVD/DM.

Nonhypertensive: SBP <140 and DBP <90 mm Hg and not taking antihypertensive medication.

Higher CHD risk, any one or more of: systolic BP ≥140 mm Hg, or diastolic BP ≥90 mm Hg, or body mass index 90 mm Hg, or body mass index

30.0 kg/m2, or current smoker, or history of CVD or DM, or diabetic diet, or taking antidiabetic/antihypertensive/lipid-lowering/cardiovascular-
influencing drugs.

No significant cross-country heterogeneity detected at p<0.05.

*
Unless otherwise stated.

†
Two standard deviation differences for starch are 14.11% kJ (analyses a, c-h) and 116.13 g/24-h (analysis b).

‡
Regressions not adjusted for special diet, supplement use, or CVD-DM.

§
Regressions not adjusted for gender.
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