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Blood pressure and calcium intake are related to
bone density in adult males

Jill A. Metz**, Cynthia D. Morrig, Leslie A. Robert§ Michael R. McClung and David A. McCarroh

'Department of Medicine, Division of Nephrology, Hypertension and Clinical Pharmacology,
Oregon Health Sciences University, Portland, OR, USA
2Providence Medical Center, Providence Center for Osteoporosis Research, Portland, OR, USA

(Received 15 June 1998 — Revised 30 November 1998 — Accepted 10 February 1999)

Based on the premise that elevated blood pressure and low bone mass have both been associated
with poor Ca nutriture and disturbances in Ca metabolism, a cross-sectional study was employed
to determine if blood pressure and dietary Ca intake were significantly related to bone mass.
Forty-seven men between 24—77 years of age with blood pressure values ranging from normal to
mildly elevated comprised the study group. Blood pressure was measured with a random-zero
sphygmomanometer. Bone mineral content (BMC) and density (BMD) of the hip, spine and total
body were measured with dual-photon absorptiometry. Dietary intake and physical activity were
also assessed. Multiple linear regression analysis was used for statistical analysis. After adjusting
for known confounding variables (age, BMI, Ca intake, and others) diastolic blood pressure was
negatively related to BMCR = 005) and BMD P = 001) of the total body, trochanteric region
(P<0M@1) and Ward’s triangleR < 005), and to BMC of the femoral neck 005) and

lumbar spine, although the latter was just shy of statistical significahe@058). Systolic blood
pressure was negatively related to trochanteric BMB=0Q04) and BMC P=006). Ca

intake was positively related to total body BMP £ 0005), and BMC of the lumbar spine
(P=0M05). In this population of men, Ca intake was a positive predictor, and blood
pressure was a negative predictor of regional measures of bone mass. These findings support the
concept that independent of age, BMI and Ca intake, elevated blood pressure varies indirectly
with bone mass and density, known predictors of osteoporotic fractures. Future studies are needed
to determine whether elevated blood pressure is causally related to the development of low bone
mass, and what role dietary Ca plays in that pathway.

Blood pressure: Calcium intake: Bone mass

Hypertension and osteoporosis are both chronic conditionsof the present study was to examine the relationship
that are associated with poor Ca nutrition (National Insti- between blood pressure and regional measures of bone
tutes of Health, 1994; Bucheat al. 1996). Hypertensive  mass in a population with blood pressures ranging from
individuals manifest a number of disturbances in Ca normal to mildly elevated.

metabolism that are also consistent with a metabolic profile

leading to enhanced bone resorption and subsequent bone

loss. These disturbances include elevated parathyroid Subjects and methods

hormone levels, increased urinary Ca excretion, abnormal Subjects

gut absorption of Ca, and deficient dietary Ca intake
(McCarron, 1989; Hamet, 1995). While rat models of The subjects for this study were participants in a clinical
hypertension exhibit excessive bone loss, abnormal bonetrial that was specifically recruiting individuals with both
architecture and reduced levels of bone mineral massnormal and mildly elevated blood pressure values. Informed
compared with normotensive controls (Izaegal. 1985; consent was obtained from each subject, and all procedures
Lucaset al. 1986; Metzet al. 1988, 1990; Yamorkgt al. were approved by the Institutional Review Board of the
1991; Wanget al. 1993), the relationship between blood Oregon Health Sciences University. The procedures
pressure and bone mineral density (BMD) in a human followed were in accord with the ethical standards of
population has not been previously explored. The objective the responsible committee on human experimentation.

Abbreviations: BMC, bone mineral content; BMD, bone mineral density; DBP, diastolic blood pressure; SBP, systolic blood pressure.
* Corresponding author: Dr Jill Metz, fax +1 503 494 5330, email metzj@ohsu.edu
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Forty-seven men, aged 24—77 years, with blood pressureshlood pressure (SBP) and diastolic blood pressure (DBP)
ranging from normal to mildly elevated, participated in the were used separately in otherwise similar models. C4, Ca
study. Elevated blood pressure was defined as mean arteriahlcohol, and physical activity were retained in models if
pressure greater than or equal to 105mmHg. During the they contributed a reasonable level of explanatory power
run-in period blood pressure medication was withheld for a (P = 0[30). The same models were used for each regional
minimum of 4 weeks before randomization to treatment bone site. No two independent variables were correlated
limbs, either active agent or placebo. Participants who had above (9, with the exception of Ca and &avhich were
previously taken thiazide diuretics or oral or topical steroids expected to be highly correlated. A quadratic term for Ca
were excluded from the study. Additional exclusion criteria intake (C&) was included in model selection because of its
included secondary hypertension of any aetiology, weight known association with BMD as a ‘threshold nutrient’, i.e.,
>150 % of ideal body weight according to the Metropolitan the association is non-linear (Matkovic & Heaney, 1992).
Life height and weight tables, chronic alcoholism or drug Squared semi-partial (type Il) correlation coefficients were
addiction, congestive heart failure, emphysema, myocardial determined for each independent variable in order to
infarction within the last year, renal disease, history of evaluate the relative proportion of variance that could be
gastrectomy, hypogonadism, and any disease or concurrenexplained by each variable per model, while simultaneously
medication use known to affect Ca balance. controlling for the other independent variables in the model.
The following models were used:

total body BMD or BMC= intercept+ 3;.age+ (3,.BMI
Blood pressure in the sitting position was measured with

a random-zero sphygmomanometer. Blood pressure was + B3.ca+ Bu.c& + B5.DBP or 85.SBP+ e,
measured after 5min rest and recorded at 1 min intervals trochanteric BMD or BMGC= intercept+ 3;.age+ 3,.BMI
for 4 min with the arm at cardiac level. The average of four ) .

readings was used. BMD was measured once at the lumbar + Ba.physical activity+ 8,.DBP or 3,.SBP+ e,
spine and proximal femur, and in the total body, with dual- femoral neck BMD or BMC= intercept+ ;.age

photon absorptiometry using a Lunar DP4 dichromatic bone
densitometer (Lunar Corporation, Madison, W1, USA) with + 62.BMI + B3.alcohol+ 8,.DBP or 3,.SBP+ e,

a'>Gd source. Six 24 h recalls were solicited over the study  \Ward's triangle BMC or BMD= intercept+ 3;.age
period. Dietary information was collected by a registered

dietitian who asked participants to recall in detail their + 62.BMI + B3.alcohol+ 8,.DBP or 3,.SBP+ e,
dietary intake over the previous 24 h period. Food models |umbar spinglL2—4) BMC or BMD = intercept+ 3;.age
were used as prompts. Participants were not told in

advance that dietary information would be solicited on + ,.BMI + B3.ca+ B,.ca* DBP or 8,.SBP+ e,
specific visits. Dietary data were analysed using a licensed
copy of the University of Minnesota Nutrition Coordi-
nating Center Nutrition Data System. Current leisure-time
physical activity (h/week) was estimated from questionnaire Results

responses. Descriptive statistics for the study population are shown in
Table 1.

Multivariate statistics for the association between DBP,
SAS® for personal computers (1987; Statistical Analysis dietary Ca, and regional BMD and BMC are shown in Table
Systems Inc., Cary, NC, USA) was used for all statistical 2. DBP was negativelyR = 0[05) related to BMD and BMC
procedures. Descriptive statistics (measis,and ranges)  of the total body, trochanteric region, and Ward's triangle,
were determined for all variables. Verification of normally and to BMC of the femoral neck. SBP was negatively
distributed data was confirmed during the exploratory data related to BMD P=0[0430) and just shy of statistical
analysis phase. Multiple linear regression analysis was usedsignificance for BMC P=00578) of the trochanteric
to determine if blood pressure and dietary Ca were signifi- region in comparable models, but not to the remaining
cantly (P<0[05) associated with regional bone mineral bone measurements. Dietary Ca intake was positively
content (BMC) or BMD variables while adjusting for (P=0046) associated and €avas negatively associated
confounding variables. Each bone variable was treated as(P < 0[04) with total body BMD and with BMC of the
a dependent variable and all potential predictors and lumbar spine < 0D5).
covariates were treated as independent variables, and were Covariates significantly R<0[05) associated with
regressed. the dependent variables. Independent variables regional bone measurements in models with DBP
selected for inclusion in the models were determined both included age, BMI, and physical activity level. Age
by theoretical associations to bone mass and through strongvas negatively related to BMD of the Ward's triangle
relationships observed during exploratory data analysis. (P=0[0034) and femoral neckP(=0[0478). BMI was posi-
Because of the small sample size for the number of tively related to BMC and BMD of the total body, Ward’s
individuals with complete datan(47), the number of triangle @=0058) and lumbar spine, and to trochanteric
variables included in each model was limited to a maximum BMC (P <0[0485). Activity level was negatively asso-
of five. Age and BMI were used in all models because of ciated with BMD @=0[0297) and BMC P=00475) of
their well-known associations with bone mass; systolic the trochanteric region.

Procedures

where ca is Ca intake arelis random error.

Statistical analysis and model selection
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Table 1. Characteristics of the forty-seven subjects in the present study
(Mean values, standard deviations and ranges)

Variable Mean SsD Range
Age (years 5004 128 24-77
BMI (kg/m®) 274 3 221-350
Systolic blood pressure (mmHg) 1318 138 1058-1648
Diastolic blood pressure (mmHg) 8201 93 60[0-1000
Femoral neck BMD (g/cm?) 1020 oae67 0700-1B370
Femoral neck BMC (g) 515 1176 3200-10[700
Lumbar spine (L2—4) BMD (g/cm?) 1343 073 1071-1862
Lumbar spine BMC (g) 6959 11023 51[64-96[64
Total body BMD (g/cm?) 1261 0097 0[949-11445
Total body BMC (g) 3473096 45689 2682[00-473200
Trochanteric BMD (g/cm?) 0880 013 0B50-1160
Trochanteric BMC (g) 14107 2396 8(220-20[870
Ward's triangle BMD (g/cm?) 0(840 097 0[460-18370
Ward's triangle BMC (g) 2[748 0953 1260-7B40
Leisure-time activity (h/week) 118 98 00-400
Alcohol intake (g/d) 148 238 00-913
Energy intake (kcal/d) 22088 5088 1212[3-34558
(kJ/d) 92770 21350 50917-14514(4
Protein intake (g/d) 8809 245 38[B-1552
Calcium intake (mg/d) 8653 32301 3178-16106
Sodium intake (mg/d) 27904 7511 1313(4-493007
Potassium intake (mg/d) 32820 82603 1564[0-5223[3
Magnesium intake (mg/d) 3568 1233 163(4-713M0

BMC, bone mineral content; BMD, bone mineral density.

Table 2. Squared semi-partial correlation coefficients (S-PR?), multiple regression coefficients (8) and standard
errors for the association between blood pressure and regional measures of bone mineral density (BMD) and

bone mineral content (BMC) in men

(S-PR? describes the amount of variation explained in the dependent variable by the predictor variable, whereas 8

describes the magnitude and the direction of the association between the predictor and dependent variables)

BMD BMC
S-PR? ] SE S-PR? 8 SE

Total body

age 0030 -00015 00009 0002 -183 523

BMI 00320 0[0162** 00031 0223 63[65** 1737

Ca 0[100 0[0005** 00002 00049 101t 00995

Ca? o10 —0[0000** —0[000001 0054 -0[0009t 00005

DBP 0090 -0[0035** 00013 0087 -16[06* 703
Trochanteric

age 0003 -0[0005 00013 0066 00561t 00297

BMI 0038 00065 0[0046 0[090 0(2303* 001049

physical activity 0097 —0[004* 00018 0078 —-0[0816* 000399

DBP 035 -0[0051** 0[0019 oms1 -0[1374** 00441
Femoral neck

age 0081 —0[0039* 00019 0011 -0[0103 00142

BMI 0055 00114t 0[0068 040 00694 00500

alcohol 0011 00008 00010 0034 00097 00076

DBP 0044 -0[0042 00028 0092 -0[0433* 00206
Lumbar spine

age 0033 00016 00021 0019 0370 01368

BMI 0ms3 0[0190* 00071 0073 0[8926* 04541

Ca 0052 00007t 00004 0077 00525* 00260

Ca? 0061 -0[000004t 0000002 0091 0[00003* 0001

DBP 0037 -0[0036 00029 0070 -03526t 001838
Ward's triangle

age 058 —0[0065** 002 0018 -0[0107 00113

BMI 0052 00130t 00072 0076 00771* 00395

alcohol 0019 0012 0mo011 0035 00080 00060

DBP 0069 —0[0062* 00030 0090 - 00346* 00162

DBP, diastolic blood pressure.
*P < 0005, ** P < 0005, t P = 0010.
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Covariates significantly associated with regional bone could have an indirect impact on the same cellular
measurements in models with SBP included age, BMI, functions. Dietary Ca may also affect blood pressure by
and Ca intake. Consistent with models that included DBP, altering sympathetic nervous system activity, by modifying
age was negatively related to BMD of the Ward's triangle the metabolism of other electrolytes such as Na or K, or by
(P=00044) and femoral neckP(=0[0546). BMI was affecting the central nervous system (Hatton & McCarron,
positively related to BMC and BMD of the total body 1994). Although these endpoints were not measured in the
(P=0[004) and to BMD of the lumbar spiné® & 0[02). present study, the consistency of these metabolic defects
Ca intake was positively associated<00058) and Ca observed in previous studies of human essential hyper-
was negatively associated® £00074) with total body tension is remarkable (Resniek al. 1983; Strazzulet al.
BMD. 1983; Grobbeet al. 1986; McCarron, 1989; Papagalaeis

Squared semi-partial correlations are also shown in Tableal. 1991; Younget al. 1992; Hamet, 1995).

2. These correlation coefficients provide information on the  An additional line of evidence in support of the present
proportion of variance each predictor variable is able to findings comes from rat models of hypertension in which
explain in each of the bone mass variables. Depending onbone mass has been shown to be reduced or metabolically
the model, DBP explained between 4 and 18% of the altered compared with normotensive controls (Izatval.
variation in bone mass measurements. While not appro-1985; Lucast al. 1986; Metzet al. 1988, 1990; Yamoret
priate to compare these coefficients across different models,al. 1991; Wanget al. 1993). In addition, human renal stone
the data do suggest that within models, DBP explains asdisease is associated with increased Ca excretion, hyper-
much of the variance in bone mass as do many of the othertension, reduced dietary Ca intake and reduced levels of
variables having a known and significant association with bone mass (Tibblin, 1967; Cirillo & Laurenzi, 1988;
bone mass. Cappuccioet al. 1990; Batailleet al. 1991; Curharet al.
1993; Jaegeet al. 1994). MacGregor & Cappuccio (1993)
have also hypothesized that these abnormalities in Ca
metabolism in patients with hypertension may contribute
The purpose of the present study was to determine the naturego long-term bone demineralization.

of the relationship between blood pressure, dietary Ca and Why DBP was a better predictor of bone mass than SBP is
total body and regional measures of bone mass in a maleuncertain. This finding may reflect the fact that DBP is more
population with normal to mildly elevated blood pressures. dependent on volume status than SBP. Volume-dependent
The rationale was based on the premise that a subset ofvariations, i.e. salt sensitivity, in blood pressure have been
individuals with hypertension manifest a disturbed Ca- shown to be more sensitive to modifications in dietary Ca
metabolic profile compatible with consequent loss of bone intake and/or markers of perturbed Ca metabolism com-
tissue, a postulate supported by the consistent observation opared with volume-resistant blood pressure variations
low BMD or BMC in a number of experimental models of (Yamakawaet al. 1992; Weinbergeet al. 1993). Thus, it
hypertension (Izawet al. 1985; Lucaset al. 1986; Metz follows that total body and regional BMD, an overall marker
et al. 1988, 1990; Yamoret al. 1991; Wanget al. 1993). of Ca status, would be more closely related to DBP than
Our findings show that DBP was independently and SBP. However, volume-dependent variations in blood
negatively related to BMD and BMC of the total body pressure regulation were not assessed in the present study.
and to regional measures of BMD and BMC. SBP was found Covariates significantly related to bone measurements
to be significantly and negatively related to trochanteric included Ca, C3 BMI, age, and activity level. Of these,
BMD, and the association was just shy of statistical variables negatively related to bone measurements included
significance for BMC. age, C& and activity level. Results for the negative

The observational nature of this study precludes identify- association between age and bone measurements are con-
ing any causal associations between blood pressure andsistent with the literature indicating that BMD in general
bone mass measurements, i.e. that high blood pressuraleclines with age (Garet al. 1967; Hernandez-Avilat al.
contributes to bone loss. However, these preliminary find- 1991). Additionally, the negative quadratic term for Ca
ings are indirectly supported by experimental data demon- (Ca®) indicates that overall, the positive association
strating that indices of bone mineral metabolism associatedobserved between Ca and total body BMD in this model
with the metabolic sequelae related to bone loss are alsois non-linear, and that Ca consumption beyond a defined
manifest in some individuals with hypertension (Resnick level may offer no additional benefit to BMD. This is
et al. 1983; Strazzuloet al. 1983; Grobbeeet al. 1986; consistent with a ‘threshold effect’ of Ca on BMD which
McCarron, 1989; Papagalanet al. 1991; Younget al. has been previously demonstrated (Heaney, 1992; Matkovic
1992; Hamet, 1995). The most relevant of these distur- & Heaney, 1992). The negative relationship observed
bances include lower dietary Ca intake, inappropriately between activity level and trochanteric BMD and BMC
lower intestinal absorption of Ca, and increased urinary seems counterintuitive, but may be a result of life-long
Ca excretion in the setting of higher circulating para- exposure of an excessive weight-bearing load received
thyroid hormone levels, lower vitamin {concentrations,  directly to the trochanter.
and reductions in plasma ionized Ca. When dietary Ca The positive association between BMI and selected bone
intake is sufficient, it may act to lower blood pressure by measurements is consistent with the well-established notion
a direct effect on vascular smooth muscle cells such thatthat BMI is a positive determinant of BMD (Felsat al.
the cell's ability to extrude Ca is improved. Similarly, 1993). While the positive relationship observed in the
the Ca-regulating hormones have vasoactive properties thaipresent study between Ca intake and total body BMD is
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consistent with other studies in women and children Cappuccio FP, Strazzullo P & Mancini M (1990) Kidney stones
(Dawson-Hughest al. 1990; Chapuyet al. 1992; Johnston and hypertension: population based study of an independent
et al. 1992; Reckeet al. 1992; Lloydet al. 1993; Reidet al. hC'inicahagsgcliati&ngfgsg MegtiaéJOUfJnagoq 12?I>34—A1236-d <
1993), the relationship between Ca intake and BMD in men Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B, Arnaud S,
is relatively unexplored and these findings are supportive of Delmai ;Df& l\t/leum_er Fl); (|1992) \é:;am'ré3':ﬁ”dd°?|°'“m ltof
the limited literature available on Ca and bone health in men mg;ﬁ:?neé%;a&%rffl'gfz erly womeRew England Journal o
(Cooperet al. 1988; Holbrooket al. 1988; Kellyetal. 1990, cirilio M & Laurenzi M (1988) Elevated blood pressure and
Orwoll et al. 1990). S positive history of kidney stones: results from a population-
The present study has several limitations. The study based studyJournal of Hypertensio, Suppl. 4, S485—-S486.
design prevents making causal inferences, and the resultsCooper C, Barker JDP & Wickham C (1988) Physical activity,
cannot be generalized to other populations. In addition, the muscle strength and calcium intake in fracture of the proximal
sample size was small, and some of the control variables femur.British Medical Journal297, 1443—1446.
were assessed by recall (diet, physical activity), and may Curhan GC, Willett WC, Rimm EB & Stampfer MJ (1993) A
lack a high degree of precision as a result. In addition, the prospective study of dietary calcium and other nutrients and the

_ . risk of symptomatic kidney stone®ew England Journal of
method used to measure bone mass, dual-photon absorptio Medicine328 833838,

metry, offers less precision than its mqre contemporary Dawson-Hughes B, Dallal GE, Krall EA, Sadowski L, Sahyoun N
counterpart, dual-energy X-ray absorptiometry (Lees & g Tapnenbaum S (1990) A controlled trial of the effect of
Stevenson, 1992), particularly in patients with increasing  calcium supplementation on bone density in postmenopausal
body mass (Martiret al. 1993), however, this method still women.New England Journal of Medicing28 878—883.

offers high accuracy and adequate clinical precision Felson DT, Zhang Y, Hannan MT & Anderson JJ (1993) Effects of
(Mazess & Barden, 1988). Because these biases would weight and body mass index on bone mineral density in men and
serve to increase variability and misclassification bias, the women: The Framingham Studjournal of Bone and Mineral
effect would be a dilutional one; to bias the results in the _ Researct8, 567-573.

direction of the null hypothesis. As a consequence, it is Gan SM, Rohmann CG & Wagner B (1967) Bone loss as a general

: ; : ; henomenon in markederation Proceeding26, 1729—-1736.
possible that the results found in this study are conservative . P : '
estimates of the strength of the relationships observed.Gmbbee DE, Hackeng WHL, Birkenhager JC & Hofman A (1986)

T N Intact parathyroid hormone (I-84) in primary hypertension.
Considering these limitations, and that the hypotheses cjinical and Experimental Hypertension, Part A, Theory and
tested were biologically plausible, the fact that significant  practices, 299-308.

results were found suggests the possibility that the relation- Hamet P (1985) The evaluation of the scientific evidence for a
ship between higher blood pressure and reduced bone mass relationship between calcium and hypertensidournal of
may not be entirely accounted for by other known risk  Nutrition 125 311s-400s.

factors. However, a larger sample size in addition to the Hatton DC & McCarron DA (1994) Dietary calcium and blood
measurement of biochemical indices of bone mineral Fz)rsesssiue,reslg gxpenmental models of hypertenstéypertension
metabolism would need to be employed to assess more, < TIeY - .

carefully the relationship between increased arterial pres-€2ney RP (1992) Calcium intake and bone health in the adult.

L . . . Clinical and Applied Nutrition2, 10—-29.
sure and BMD. In fact, it is possible that increases in blood Hernandez-Avila M, Colditz GA, Stampfer MJ, Rosner B, Speizer

pressure and reductions in BMD are independent patho-  £g g willett WC (1991) Caffeine, moderate alcohol intake, and
physiological expressions of reduced Ca intake, and/or one yisk of fractures of the hip and forearm in middle-aged women.
or more abnormalities of Ca metabolism. Thus, to the  American Journal of Clinical Nutritior54, 157—163.

authors’ knowledge, these data provide the first observationHolbrook TL, Barrett-Connor E & Wingard DL (1988) Dietary
in human subjects, that blood pressure and bone mass are calcium intake and risk of hip fracture: 14-year prospective
inversely related; further work is needed to confirm these population studyLancet2, 1046—1049.

findings, and to explore the nature of this relationship. Izawa Y, Sagara K, Kadota T & Makita T (1985) Bone disorders in
spontaneously hypertensive r&alcified Tissue International
37, 605-607.
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