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ABSTRACT

Mineral elements, besides of dietary fats, are suggested to have a role in vascular health. This paper 
discourses upon [MORT] (factors): male (M) and female (F] [CHD] of rural (rur) and urban (urb) regions 
and acute heart deaths of pigs [pig.MAP], behavioral factors [BEH]: human consumption of alcohol [Alc] 
, [Sugar], milk fats (from milk and butter) [M_F] and tobacco [Tobac], as well as environmental (factors) 
[ENV]: (Mg/Ca) and (Mg/K) ratios in total fertilization [ft] as well as in soil [sm] and [Mg.sm]). This study 
is based on old data and treats computed periods: {1}.(1952-86) (less fats, less soils); {2}.(1952-77).(less 
soils); {3}.(1961-86) (less fats). Effects of milling are assessed. Pig autopsy data are benefited. The aim of 
this study is to evaluate associations between [MORT], [BEH] and [ENV]. A special aim of this study is to 
assess (Mg/Ca) ratio of statistical [M_F] per se and milling effects on dietary Mg balance. The parameter 
values are represented as moving 3-year averages. Results are given by Figures and correlations. 

Results: In {3} (1961-86) the [ft]’s associated significantly negatively with [CHD]’s, [Pig.MAP] and [Sugar]; 
positively with each other, [Mg.sm], [(Mg/Ca).sm]. [BEH]’s associated significantly with [ENV] and [Pig.
MAP]. Especially “heart effects” of [Alc] and [M_F] are discussed. Since the 1950’s lower energy supply 
increased “dilution effect” of sugar and fats on Mg containing foods (g/day) contra (g/total energy).  [M_F] 
effect can partially be explained by its implicitly fixed “liquid-milk” component, with low (Mg/Ca) ratio 
(0.09).   Milling of wheat grain [ad 0.5 % ash (d.w.)] reduced Mg-content ad 1/6 of its whole grain value.

Conclusion: Variation in dietary Mg-content, via (Mg/Ca) and (Mg/K) ratios in fertilization and soil or 
implicitly via [M_F] (factor), can explain Finnish [CHD] and [pig.MAP]. Benefits of [Alc] can partially be 
explained by [ENV] factors. Iron can explain [F.CHD]-[M.CHD] difference.

Keywords: Mg, (Mg/Ca) ratio, CHD, milling, fertilization, recycling, soil, sudden death, pig, consumption of 
alcohol, tobacco, fats, PUFA, implicit Mg/Ca component of liquid milk fats.

Abbreviations: BEH: Behavioral (Factors); CHD: (Here: Age Adjusted) Mortality from Coronary Heart 
Disease Among Middle-Age Humans; ENV: Environmental (Factors); EQ: Mole Divided by Valence (G); F: 
Female(S); FM: Mineral Fertilizers; FT: Total (Including Recycled and Mineral) Fertilizers; M: Male(S); MAP: 
Acute Heart Failure and Sudden Death, of Pigs (Here for Clarity [Pig.MAP]; M_F: Milk Fats; MORT: Mortality 
(Factor(S)); PUFA: Polyunsatyrated Fatty Acids; OSF: Official Statistics of Finland, RCL: Recycled Nutrients 
(e.g. Manure); RUR: (< Rural) from Countryside Communities (Non-Town); StatF: Statistics Finland; SM: 
Soil Mean Value (of 5 years); URB: from Urban Communities; µ: Mean
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Introduction
Besides of the dietary fats [1,2], sometimes mineral elements 

have got attention as candidates of cardiac [MORT] factors: Magne-
sium (Mg) deficiency is known to have several mechanisms to cause 
heart disease [3]. In autopsies of pigs, with microangiopathy (MAP), 
characterized by sudden death, myocardial and endothelial cell dam-
age and capillary microthrombosis, [Pig.MAP] [4] - has been found 
higher myocardial and hepatic Ca (p < 0.001) and lower Mg concen-
trations (p < 0.001) than in healthy slaughter pigs (“possibly associ-
ated with oxidative damage”) [4]. A countryside veterinary surgeon 
(Nuoranne) prescribed successfully Mg treatments to farms with in-
creased number of sudden deaths of pigs. He reported even on de-
creased Mg content in barley (-22 %), oats (-16 %), and in soils (mean 
below 100 mg/l) in those “problem farms” [5]. Nuoranne even wrote 
to several journals and newspapers, so promoting Mg supplementa-
tion in pig foods [5]. In autopsies [Pig.MAP] associated positively (p 
< 0.001) with iron (Fe) content of the myocardium and liver [6], but 
low hepatic selenium (Se) had been found only by 22 % of cases [7]. 
There are several reports concerning association of silicon (Si) with 
vascular health, e.g. [8]. It has been even shown that (each 28 g/d) in-
take of whole grain was associated with 14% (pooled RR: 0.86 (0.83-
0.89) lower risk for CVD (cardiovascular) mortality and 9% (pooled 
RR: 0.91 (0.90-0.93)) lower risk of total mortality [9]. The beneficial 
effects of polyunsaturated fatty acids [PUFAs] have been explained by 
their trace components [10], not by the PUFA’s itself. In veterinary 
medicine PUFAs have been often (mainly?) reported, since the 1920’s, 
as “toxic” substances on muscles (muscular dystrophy, MD) [11] and 
liver (toxic liver dystrophy, Hepatosis diaetetica, HD) [12]. [Pig.MAP] 
(Mulberry heart disease) has been found to be associated with rancid 
PUFAs of grain as HD and MD, although statistically and histological-
ly it formed a different entity [4, 13]. Even soya oil can promote lip-
id peroxidation after repeated heating [14]. The primary process in 

atherosclerosis has been thought to be an injury of LDL apoprotein 
(apoB) via free radicals (during poor anti-oxidant protection), which 
makes them more attractive to foam cells [15]. Additional explana-
tion can be found via sustainability (or resilience) of vascular walls 
(including Tunica media and Tunica adventitia, too) [16,17], with or 
without silicon. 

In this study are assessed detailed [MORT] data: [CHD] of males 
(M) and females (F) of countryside, (rural, communities) [CHD.
rur] and urban communities [CHD.urb] and cases of [Pig.MAP] 
(1/100,000) and their associations with behavioral factors [BEH]: 
human consumption of alcohol [Alc], tobacco [Tobac], milk fats (from 
milk and butter) [M_F] and sugar [Sugar], as well as with environmen-
tal [ENV] factors: ratios of [Mg/K] and [Mg/Ca] in total fertilization 
[ft] and soil [sm] as well as [Mg.sm]. Additionally, are assessed effects 
of milling on Mg, Ca and K contents of wheat (as an example of cere-
als). This study is based on old data. 

The aim of this study is to evaluate the compliances between 
[MORT], [BEH] and [ENV] with each other: in order to find a probable 
explanation for the whole grain health effect and to clarify the [M_F] 
effect.

Materials and Methods
Three year moving averages (3ym) of age-standardized mortali-

ty (per 100,000) from cardiovascular diseases (CHD), among females 
(F) and males (M), aged 35-64 years, are attained of two subgroups: 
dwellers in countryside communities, non-towns [CHD.rur] and peo-
ple of communities with town label [CHD.urb] [18]. Available mortal-
ity data are on logarithmic scale: by Females between 50 and 150, by 
males between 300 and 600. The scale limits and annual values are 
first measured by ruler as centimeters from the Figure 5 in [18]. Mea-
sured units: scale limits Scal.min and Scal.max (by females and males), 
then annual measures (M.i). 

Figure 1: CHD mortality of middle-aged males in rural and urban areas in Finland 1951-87.
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By Exel equations:

max. . (10;( 10(300) . / . *( 10(600) 10(300)))).M CHD i POWER LOG M i Scal LOG LOG= + −

  and 

max. . (10;( 10(50) . / . *( 10(150) 10(50))))i iF CHD POWER LOG M Scal LOG LOG= + −

(Figures 1 & 2) DData on pig cardiac mortality is from [20,21]. 
They are explained in [22], but [Pig.MAP] (1/100,000) needed new 
calculations (it seemed to be less affected by autopsy density). The 
first [Pig.MAP] (“Enzootischer herztot”) was diagnosed in 1954 and it 
kept this name until 1962. No official data are missing. 

Data on alcohol consumption, as 100-% calculated, (l/capita/a) 
are attained from Statistics Finland (StatF) [23] as [Sugar] con-
sumption data (kg/capita/yr) are from [24]. Sugar data are changed 
to daily consumption (g/capita/d) by multiplying the numbers by 
(1000/365.24). Approximate values of milk fats, including butter 
[M_F] consumption (g/capita/d) are attained by measuring the val-
ues from Fig.8 (on linear scale) in [19]. Annual consumption (g) of 
tobacco products per persons aged 15 years or over (g/15-y/a), [To-
bac], are from Statistics Finland (“Tupakkatilasto”) [25].

Figure 3: Development of age-adjusted CHD mortality among middle-aged females (F) and males (M) in rural (rur) and urban (urb) areas and 
MAP of pigs (3-year moving means). Values relative to 1961.

Figure 2: CHD mortality of middle-aged males in rural and urban areas in Finland 1951-87.
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Estimates of fertilizer supply are based on the principles as pre-
sented in [26]. Data on K mineral fertilizers [K.min] per ha, in 1951-
1960 (-75), are from Sillanpää (1978) [27], their supply in 1961-1987 
are from FAOSTAT [28]. Total amounts of [K.min] from FAO (since 
1961) are attained by multiplying them by ratio (K/K2O)  (0.83) and 
divided by “arable land” area [29]. The fertilizer values of Sillanpää 
[fm] & [rcl] for 1951-60, are attained by ruler and adjusted by com-
mon [K.min] values (of FAO and Sillanpää) from 1961-65. Because 
there was no data available on changes of manure yield to fertilization 
after 1975, the [rcl] values of 1975 were benefited for period 1976-
87, too. 

The amounts of liming agents (carbonates) in 1951-1999 are 
from Nordkalk [30]. The same is published in graphics in [31]. (They 
are difficult to get by numbers). The Mg content of liming agents is 
based on four sources [30, 33, 34]: Mg-% of liming agents increased 
at the begin of the 1970’s. The basic estimates are from [30]: “by the 
accuracy of 20 %”, was that the average Mg content before 1970 was 2 
%, then increased to 6 % in the 1990’s and decreased afterwards. The 
adjustment by Lauronen [30] to the Mg amounts of liming agents to 
[33] in 1972 (ca +1 kg/ha) did not concern the years before 1972 (by 
a new interpretation of the messages of [30] by [33] and the author). 
Other sources of Mg and Ca in mineral fertilization are estimated as 

in [26]. Because there are deficient data (and different opinions on 
amounts of Mg recycling per ha [33,35]), [Mg.rcl] and so [Mg.ft] val-
ues are only approximates. [Ca.rcl] are estimated here by multiplying 
[K.rcl] values by 0.46 [36] and [Mg.rcl] by multiplying [Ca.rcl] by 0.52 
[36]. Fertilization data (kg/ha) was changed to equivalents per ha 
(Eq/ha) by multiplying the values by 1,000 and dividing by respective 
equivalent weights (g).

Soil data are provided by Eurofins Viljavuuspalvelu Oy [37] for 
years from 1961 to 1990, as mg/l, by 5-year periods: 1961-65 with 
midpoint 1963 (MP.1963), 1966-70 with (MP.1968) and so on. Estimates 
for annual soil values (V) are calculated by the midpoints of neigh-
bouring periods: The midpoints (MP.i) kept their values. The val-
ues for the following years are approximated as follows: V.(MP.i+1): 
V.(MP.i) +1/5*[V.(Mp.i+5) – V.MP.i)] , the next: V.(MP.i) +2/5*[V.(MP.

i+5) – V.(MP.i)] and so on. Values for 1962 and 1961 are computed as 
follows: for 1962: {(V.(MP.1963) + (-1)*1/5*[V.(MP.1968) – V.(MP.1963)]}, 
for 1961: {MP.1963 +(-1)*2/5*[(Mp.1968) - MP.1963)]}. Soil values, in (Ta-
ble 1), are represented as mEq’s per liter. Number of Mg samples per 
period was lower than by Ca and K samples until 1985. Because soil 
values from 1961-65 are “raw” (non-detailed by soil-types) data, no 
adjustments were made. 

Table 1: CHD mortality among males and females aged 35-64 years in rural and urban regions, behavioral and environmental factors in Fin-
land 1951-87 (3-year averages).

Year M.CHD.
rur

M.CHD.
urb

F.CHD.
rur

F.CHD.
urb

Pig.MAP 
(1/100.000) Alc Tobac M_F Sugar (Mg/Ca).

ft (%)
(Mg/K).

ft (%) Mg.sm (Mg/Ca).
sm (%)

(Mg/K).
sm (%)

1952 354 489 114 121 0.0 1.79 1616 68 88 28 90      

1953 355 490 115 122 0.0 1.87 1617 69 89 27 95      

1954 346 455 99 111 0.0 1.92 1661 70 102 25 95      

1955 350 450 97 105 2.0 1.93 1681 73 104 24 96      

1956 341 455 94 99 3.6 1.91 1654 64 106 24 94      

1957 346 433 88 96 5.3 1.81 1614 59 108 23 100      

1958 349 446 87 95 6.9 1.79 1632 65 111 23 104      

1959 367 446 89 96 6.5 1.77 1608 65 110 23 112      

1960 380 465 93 99 6.4 1.84 1596 68 111 23 115      

1961 409 486 100 103 6.4 1.95 1534 70 109 24 110 192 23.1 5.37

1962 431 518 102 108 7.1 2.09 1583 77 112 23 104 190 22.7 5.13

1963 464 535 101 110 9.1 2.21 1546 75 109 22 106 188 22.3 4.92

1964 491 545 97 111 10.7 2.30 1549 73 110 21 112 186 21.9 4.72

1965 484 553 95 109 10.7 2.41 1506 73 109 22 110 184 21.5 4.54

1966 486 563 97 112 9.5 2.58 1570 72 112 23 99 181 21.2 4.37

1967 491 559 97 110 7.8 2.74 1594 74 112 24 92 179 20.8 4.21

1968 496 543 97 105 7.2 3.29 1639 69 114 23 89 177 20.4 4.07
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1969 493 520 92 99 6.3 3.80 1653 68 116 23 90 179 20.5 4.12

1970 496 515 90 93 5.2 4.40 1678 60 117 22 93 182 20.7 4.16

1971 484 509 90 90 4.1 4.70 1714 67 119 23 99 184 20.9 4.21

1972 488 496 90 88 3.0 5.13 1734 63 119 24 109 187 21.0 4.26

1973 477 477 87 84 2.6 5.73 1759 61 120 27 111 189 21.2 4.31

1974 475 469 85 84 3.0 6.10 1746 58 115 30 123 189 21.3 4.27

1975 477 469 80 84 2.5 6.33 1685 57 108 32 137 189 21.4 4.23

1976 479 472 80 79 2.6 6.30 1615 57 104 34 147 189 21.5 4.19

1977 479 465 79 76 1.6 6.30 1542 56 99 36 154 189 21.6 4.15

1978 460 447 77 74 1.4 6.27 1554   98 39 155 189 21.7 4.11

1979 435 421 72 71 1.4 6.23 1530   98 39 177 194 22.2 4.19

1980 416 403 69 69 1.8 6.30 1490   98 41 172 198 22.7 4.26

1981 406 386 66 62 2.1 6.37 1445   98 41 181 203 23.2 4.35

1982 392 368 64 59 1.4 6.40 1433   99 41 207 207 23.7 4.43

1983 375 355 60 57 1.3 6.43 1469   98 40 222 212 24.2 4.52

1984 362 346 60 55 1.1 6.47 1450   97 40 241 216 24.5 4.62

1985 344 349 58 55 1.1 6.63 1439   95 40 209 221 24.8 4.73

1986 327 332 58 56 0.8 6.83 1433   95 40 208 225 25.1 4.84

All but soil data are as 3-year moving averages (changed if not 
readily given) before calculations (Table 1). This causes shortening 
of the available period of fats. Because soil [sm] values are available 
for calculations first since 1961 and fat values only for 1952-86, the 
computational assessments are made separately by three periods: 
{1} (1952-86).(less soils, less fats); {2} (1952-76).(less fats); and {3} 
(1961-86).(less fats). Correlations are calculated mainly by Microsoft 

Exel, a few regressions are computed by IBM SPSS Statistics [27]. Re-
sults have been slightly different with each other, possibly because 
numbers are small and they can contain hidden decimals. Effects of 
refining on Mg, Ca and K contents and Mg/K ratio of (wheat) grain in 
cereals and in wheat flour (milled ad ash-% 0.05) [38] are represent-
ed in (Table 2). Reduction in Mg (ad 1/(5.6), i.e. ad 18 %) was higher 
than in Ca or K.

Table 2: CHD mortality among males and females aged 35-64 years in rural and urban regions, behavioral and environmental factors in Fin-
land 1951-87 (3-year averages).

M.CHD.
rur

M.CHD.
urb

F.CHD.
rur

F.CHD.
urb

Pig.MAP 
(1/100,000) Alc Tobac M_F Sugar (Mg/Ca).

ft (%)
(Mg/K).

ft (%) Mg.sm (Mg/Ca).
sm (%)

(Mg/K).
sm (%)

1952 354 489 114 121 0.0 1.79 1616 68 88 28 90

1953 355 490 115 122 0.0 1.79 1617 69 89 27 95

1954 346 455 99 111 0.0 1.92 1661 70 102 25 95

1955 350 450 97 105 2.0 1.93 1681 73 104 24 96

1956 341 455 94 99 3.6 1.91 1654 64 106 24 94

1957 346 433 88 96 5.3 1.81 1614 59 108 23 100

1958 349 446 87 95 6.9 1.79 1632 65 111 23 104

1959 367 446 89 96 6.5 1.77 1608 65 110 23 112

1960 380 465 93 99 6.4 1.84 1596 68 111 23 115

1961 409 486 100 103 6.4 1.95 1534 70 109 24 110 192 23.1 5.37

1962 431 518 102 108 7.1 2.09 1583 77 112 23 104 190 22.7 5.13

1963 464 535 101 110 9.1 2.21 1546 75 109 22 106 188 22.3 4.92

1964 491 545 97 111 10.7 2.30 1549 73 110 21 112 186 21.9 4.72

1965 484 553 95 109 10.7 2.41 1506 73 109 22 110 184 21.5 4.54
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1966 486 563 97 112 9.5 2.58 1570 72 112 23 99 181 21.2 4.37

1967 491 559 97 110 7.8 2.74 1594 74 112 24 92 179 20.8 4.21

1968 496 543 97 105 7.2 3.29 1639 69 114 23 89 177 20.4 4.07

1969 493 520 92 99 6.3 3.80 1653 68 116 23 90 179 20.5 4.12

1970 496 515 90 93 5.2 4.40 1678 60 117 22 93 182 20.7 4.16

1971 484 509 90 90 4.1 4.70 1714 67 119 23 99 184 20.9 4.21

1972 488 496 90 88 3.0 5.13 1734 63 119 24 109 187 21.0 4.26

1973 477 477 87 84 2.6 5.73 1759 61 120 27 111 189 21.2 4.31

1974 475 469 85 84 3.0 6.10 1746 58 115 30 123 189 21.3 4.27

1975 477 469 80 84 2.5 6.33 1685 57 108 32 137 189 21.4 4.23

1976 479 472 80 79 2.6 6.30 1615 57 104 34 147 189 21.5 4.19

1977 479 465 79 76 1.6 6.30 1542 56 99 36 154 189 21.6 4.15

1978 460 447 77 74 1.4 6.27 1554 98 39 155 189 21.7 4.11

1979 435 421 72 71 1.4 6.23 1530 98 39 177 194 22.2 4.19

1980 416 403 69 69 1.8 6.30 1490 98 41 172 198 22.7 4.26

1981 406 386 66 62 2.1 6.37 1445 98 41 181 203 23.2 4.35

1982 392 368 64 59 1.4 6.40 1433 99 41 207 207 23.7 4.43

1983 375 355 60 57 1.3 6.43 1469 98 40 222 212 24.2 4.52

1984 362 346 60 55 1.1 6.47 1450 97 40 241 216 24.5 4.62

1985 344 349 58 55 1.1 6.63 1439 95 40 209 221 24.8 4.73

1986 327 332 58 56 0.8 6.83 1433 95 40 208 225 25.1 4.84

Results
Period {1}, 

The whole period, had two limitations: missing data on fat and 
soil values, but on the other side long duration (34 years). In general 
[MORT] associated highly significantly negatively with Alcohol (p < 
0.001), although [M.CHD.rur] associated non-significantly (ns) posi-
tively. [Tobac] associated significantly positively with [F.CHD]’s and 
with [M.CHD.urb], significance level about (p < 0.001), but (p > 0.05) 
with [M.CHD.urb] and [Pig.MAP]. Sugar consumption was associat-
ed positively with all [MORT]’s, with male [CHD] and [Pig.MAP] (p < 
0.001), (generally p < 0.0001), but non-significantly (p > 0.05) with 
female [CHD]’. [(Mg/Ca).ft] and [(Mg/K).ft] associated very highly 
significantly (p < 0.0001) negatively with [M.CHD.urb], [F.CHD]’s and 
[Pig.MAP], non-significantly negatively with [M.CHD.rur]. [MORT] as-
sociations with [(Mg/K).ft] were similar with [CHD]’s, but association 
with [Pig.MAP] was weaker (anyhow p < 0.01).

Mean of [MORT] correlations with each [BEH]’s is about the op-
posite number of the mean of the correlations with [ft]’s. Multiple re-
gression by Alc, Tobac and Sugar explained [(Mg/Ca).ft] by 96 % and 
[(Mg/K).ft] by 68 %. Standardized beta coefficient of [Alc] was the 
highest and (p < 0.0001) in both cases (Table 3). Period {2} is short-
er than period {1}, which affects significance levels. [Alc] associated 
significantly (p < 0.001) negatively with [F.CHD]’s and [MF], positive-
ly with [ft]’s, positively [M.CHD.rur], non-significantly with [M.CHD.
urb] and [Pig.MAP]. [Tobac] associated non-significantly with [ft]’s 

and [M.CHD.rur]. Other associations with [MORT] were negative, only 
associations of [F.CHD.urb] (r = -0.55, p <0.05), [Pig.MAP] (r = -0.55, p 
< 0.01) and [M_F] (r =-0.45, p < 0.05) exceeded the significance level. 

Table 3: Mg, Ca, K and Mg/Ca in wheat grain, ‘Cereals’ and refined 
flour in the 1970’s (Koivistoinen et al., 1980).

Spring wheat ‘Cereals’ Wheat flour Grain per

(1972-76) orig. (mg/202 g, 
d.w.) (ash-% 0.5) flour

mean (g/kg) (g/kg d.w.) 
computed (g/kg) ratios

Mg 1.2 0.64 0.21 5.6

Ca 0.31 0.20 0.13 2.4

K 3.9 2.72 1.50 2.6

Mg/Ca 3.9 3.2 1.6 2.4

[M_F] associated significantly positively with [F.CHD]’s, (r = +0.73 
& +0.82, p < 0.001), [M.CHD.urb] (r = +0.58, p < 0.01), and [Pig.Map], 
(r = +0.49, p < 0.05) and negatively with [ft]’s (r = -0.68 & -0.58), near 
sig. level 0.001).

[Sugar] associated negatively (r = -0.50/-0.44 with [F.CHD.rur]/
[F.CHD.urb], p < 0.05) and with [M_F] and [ft]’s (p > 0.05). Sugar as-
sociations were positive with [M.CHD.rur] (r = +0.55, p <0.01), [Pig.
MAP] (r = +0.47, p < 0.05) and [M.CHD.rur] (r = +0.25, ns). [ft] as-
sociations: [M.CHD]’s associated insignificantly, with both [ft]’s, 
[M.rur] positively, but [M.urb] negatively. [(Mg/K).ft] associated neg-
atively with [F.CHD]’s (r = -0.67/-0.70, p < 0.001), but association of 
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[(Mg/Ca).ft] was less strong with [F.CHD]’s (r = -0.56/-0.64, sig.level 
0.01/0.001). Association of [(Mg/Ca).ft] with [pig.MAP] (r = -0.64, p 
< 0.001). [ft]’s associated negatively with [M_F] (r = -0.68/-0.58, sig.

level 0.001/0.01). Average [MORT] correlations with [Alc] and [M_F] 
were about opposite numbers to mean [ft] correlations, but not with 
[Tobac] nor [sugar] (Table 4).

Table 4: Period 1952-86. Represented all factors of available for this period. Selected associations of [CHD]’s, Pig.MAP], [BEH] and [ENV] fac-
tors with each other and means of [MORT] and [ft] correlations with [BEH] factors.

M.CHD.rur M.CHD.urb F.CHD.rur F.CHD.urb Pig.MAP.1_100.000 Mg_Ca.ft.
perc

Mg_K.
ft.perc µ.MORT µ.ft

Alc 0.18 -0.58 -0.84 -0.89 -0.55 0.84 0.78 -0.53 0.81

Tobac 0.33 0.54 0.58 0.51 0.08 -0.62 -0.74 0.41 -0.68

Sugar 0.60 0.59 0.31 0.31 0.63 -0.67 -0.55 0.49 -0.61

Mg_Ca.ft -0.24 -0.81 -0.85 -0.88 -0.70 1.00 0.91

Mg_K.ft -0.29 -0.84 -0.92 -0.91 -0.50 0.91 1.00

By excluding [M.CHD.rur] all [MORT] factors associated highly 
significantly negatively with [Alc] (p < 0.001) and highly significantly 
positively with [ft]’s (p < 0.001). Association was highest with [Pig.
MAP]. 

[Sugar] associated significantly positively with all [MORT] factors 
and negatively with [ft]’s, (p < 0.0001) with all, but not with [Pig.MAP]. 
Associations of [Tobac] were in generally weaker than by [Sugar]. 
They were highest by men, insignificant with [Pig.MAP]. [Tobac] asso-
ciations with [ft]’s were significantly negative (r = -0.60/-0.72; resp. 
sig levels 0.01/0.0001). [(Mg/Ca).ft], [(Mg/K).ft], [Mg.sm] and [(Mg/
Ca).sm] associated highly significantly negatively with [CHD]’s, (p < 
0.0001), slightly weaker with [Pig.MAP]. Fertilization factors [(Mg/
Ca).ft] and [(Mg/K).ft] associated highly significantly, (p < 0.001) with 
each other, soil [Mg.sm] and [(Mg/Ca).sm], but not with [(Mg/K).sm]. 
Mean [MORT] correlations with [BEH] factors were about opposite 
numbers to mean [ft] correlations. Regression of [(Mg/Ca).ft] by (Alc, 
Tobac and Sugar) explained it by 97 %. [Alc] had the biggest beta co-
efficient (+0.595). [(Mg/Ca).ft] and [(Mg/K).ft] associated significant-
ly positively with soil Mg and (Mg/Ca) ratio (r >= 0.68, N = 25, p < 
0.001). (calculated period 1961-86).

Discussion
The selected [ft]’s (ratios) do not indicate the increase in annu-

al total fertilization, nor the slow exhaustion of soil Mg-reserves be-
tween 1952-63. These can explain the “weak” correlations in period 
1952-77 (Table 5). (Determinations of soil Mg values are available 
first since 1961). Heinonen [35] calculated in 1956, that annual 7 
kg (Mg/ha) loss of agricultural fields, could be replaced by 5 kg via 
manure and by 2 kg via new N-fertilizers. These evaluations became 
soon forgotten until the begin of the 1970’s, when Nuoranne wrote 
his first article (1971). This evaluation is a true sign of Mg deficiency 
of soil in the 1950’s and 1960’s, maybe in other countries, too.

High association of [BEH] factors, especially [Alc] and [Sugar] 
(Tabl.3 and Tabl.7), [M_F] (Tabl.5) with [Pig.MAP], when their phys-
iological effects were excluded, and inverse relation between correla-
tion coefficients of [MORT] and [fert] (Tabl. 3,5,7), supports the role 
of [BEH]’s as (Mg/Ca) indicators and weaken their (known physiolog-
ical) explanative power. It is clear that human alcohol consumption 
cannot decrease [Pig.MAP].

Table 5: For normally distributed variables these are the significance 
levels of the product moment correlation coefficient r for N pairs of 
observations.

N = 34

abs(r) > 0.34 :p < 0.05 *

abs(r) > 0.43 :p < 0.01 **

abs(r) > 0.53 :p < 0.001 ***

abs(r) > 0.60 :p < 0.0001 ****

Selenium (Se) can only partially explain [Pig.MAP] [6]. Significant 
Mg deficiency has been shown in patients with acute myocardial in-
farction (AMI) in magnesium retention test (MRT) [39] and in muscle 
biopsies (from ”musculus lateralis”), from native tissue (opposite to 
myocardium, which was damaged by infarction) [39]. The bleeding 
time was increased after MRT (i.e. anti-thrombotic effect after Mg 
dose) as expected [40]. Remarkable is that CHD is a subtype of CVD 
by humans and MAP by swines. [Pig.MAP] begun to decrease since 
1965, [F.CHD] slightly earlier, [M.CHD.urb] since 1966 (Table 1, Fig.3). 
Myocardial degeneration of pigs begun to decrease more earlier [22]. 
Grant observed beneficial effects of selenium on [Pig.MAP] [13], Kor-
pela reported on rather weak association of Se with [Pig.MAP]. Weak-
er association [7] is possibly explained by later observations during 
increased Se supply. It has been represented that Mg deficiency can 
increase lactate production [41], ASAT [42], as well as myoglobin 
and CK [43] release, indicate muscle dysfunction/damage. (About 50 
years ago ASAT was one of the first chemical indictors of acute myo-
cardial infarction).
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Table 6: Period 1952-77. Associations of [CHD]’s, [Pig.MAP], [M_F] and [ft]’s with [BEH] and [ENV] factors. Calculated are mean [MORT] and 
[ft] correlations of each [BEH].

M.CHD.
rur

M.CHD.
urb F.CHD.rur F.CHD.urb Pig.MAP 

(1/100,000) M_F (Mg/Ca).ft 
(%)

(Mg/K).ft 
(%) µ.MORT µ.ft

Alc 0.66 -0.04 -0.70 -0.81 -0.33 -0.70 0.70 0.64 -0.47 0.67

Tobac 0.04 -0.35 -0.30 -0.44 -0.55 -0.45 0.17 -0.12 -0.41 0.03

M_F -0.07 0.58 0.73 0.82 0.49 1.00 -0.68 -0.58 0.66 -0.63

Sugar 0.55 0.25 -0.50 -0.44 0.47 -0.06 -0.38 -0.06 -0.05 -0.22

Mg_Ca.ft 0.11 -0.39 -0.44 -0.56 -0.64 -0.68 1.00 0.76

Mg_K.ft 0.28 -0.28 -0.67 -0.70 -0.15 -0.58 0.76 1.00

Plant Mg is not only dependent on soil Mg, Mg fertilization or 
weather, it is dependent especially on the harmony of Ca, Mg and K 
[35]. Plants can take K three-fold to their physiological needs without 
visible problems in plants (Bear and Toth, 1948 in [35]), but causing 
Ca and Mg decrease in plants, animals and humans (Table 7). There 
can be another problem: it is possible, that when the war against hun-
ger needed maximal yields, K fertilization was increased, because the 
low (Mg/K) ratio gave possibly better yields [44]. Jerlstrom published 
such a result in 1975 [44]. but wrote that by one experiment it is dif-
ficult to build up any theories. It seems that this experiment has been 
forgotten. 

The milling effect is manyfold to fertilization: If fertilization could 
decrease Mg content of basic food by 20 %, milling can decrease it 
(still) by 80 %, (Table 2) [38]. (Reliable data on development of mill-
ing are scanty). Refining of cereals could explain [M.CHD.rur]. General 

morbidity and mortality decreased in Denmark during the Spanish 
Flu [42], including heart diseases. Hindhede’s dietary rules (which 
gave protection against hunger) were: Mainly (wheat and) rye should 
be milled without extraction of the outer parts. If some parts of the 
wheat were extracted, the extracted parts had to be mixed with other 
human foods. Hindhede’s diet can be labeled as “whole grain exper-
iment”.

Table 7: For normally distributed variables these are the significance 
levels of the product moment correlation coefficient r for N pairs of 
observations.

N = 25   

abs(r) > 0.41 :p < 0.05 *

abs(r) > 0.52 :p < 0.01 **

abs(r) > 0.63 :p < 0.001 ***

Figure 4.
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The situation in Finland was similar after the II WW. White flour 
was a luxury product. Countrymen did not like to buy “shop flours”, 
have I heard. In the 1960’s in TV was increasingly programs of “bet-
ter” white flours [45]. Our neighbour told that he had trimmed his 
mill and “now” they have got from their own wheat nearly as white 
flour as from the shop. After diluting grain Mg by milling, flour Mg 
could be diluted by sugar. In Discussion about “fat theories” Profes-
sor P Halonen suggested that CHD and atheromatosis could better be 
explained by sugar [46] than by fats. That’s why the [BEH] statistics 
(Figure 4) is partially expanded ad 1938 in (Figure 5) (by Official 
Statistics of Finland). This shows the increase of sugar consumption 
again until the level before war at the begin of the 1950’s. An obvious 
effect of the Nord Karelian Project can be seen in the slope of sugar 

and tobacco consumption since 1973 (Figure 5). During those times 
it was often spoken about “dead calories” (calories without protective 
substances). Another “method” for diluting proportion of fats, sugar 
and Ca in the Finnish diets during the 1950’s was hard work, higher 
caloric intake (ad 4200 kcal by rural males) [47]. CHD was in those 
times labeled as well-being disease (Figures 2 & 3). Toxic effects of 
polyunsaturated fatty acids PUFAs can be based on their tendency to 
become rapidly rancid [11,12]. Poukka even reported on an old study, 
in which cod liver oil added to skim milk produced severe muscular 
disease and additionally that calves need 10-fold amounts of vitamin 
E to compensate the harms of 10 ml cod liver oil [12]. . Refrigerators 
and rapid food and feed delivery have possibly changed the situation. 

Figure 5. 

Figure 6. 
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Food processing at home can be a risk to PUFA quality [14], which 
could not be evaluated by the study [1]. Study [1] cannot explain why 
in USA low intake of milk fats associated with very high CHD mortal-
ity [2]. Even the low CHD mortality of rural males in Finland at the 
first half of the 1950’s is difficult to be explained by PUFA’s. Milk fat 
content of milk was 4-5 % before processing in dairy [48]. In country-
side people drank raw milk especially in the first half of the 1950’s, 
because of the missing cool transport systems. 

As such the intervention study [1] was excellently carried out, 
but the explanation was not perfect during the time of publication of 
the results in the 1970’s [1,2]. The observed association (“statistical 
effect”) of milk fats on public health is associated with its “implicit 
liquid-milk component” with high Ca content and disadvantageously 
low Mg/Ca ratio (0.09) [38,4]. 

It was not problem when people worked hard and consumed 
much whole grain bread or porridge with high Mg/Ca ratio (4!) 
[38,45], (Table 2). Koivistoinen [38] wrote that Ca consumption in 
Finland was exceptionally high (in the 1970’s). Artauld-Wild et al. 
discovered this French/Finnish paradox [49] and suggested that one 
explanation could be high Ca intake in Finland, which can implicitly 
be the same in other milk producing countries without lactose intol-
erance. Figures 1 and 2 suggest on the role of sex hormones in CHD. 
Reader’s Digest wrote, in the 1960’s, about an experiment, in which 
men were treated with estrogens against CHD. But hormones have 
not become a treatment of choice for CHD. Menstruation (iron loss) 
could explain [F.CHD]-[M.CHD] difference remarkably [6] e.g. by oxi-
dant-antioxidant balance [6,15].

Figure 7.

Table 8: Period 1961-86, N = 2, Associations of [MORT] with [BEH] and [ENV] factors and means of [MORT] and [ft] correlations with [BEH] 
factors.

M.CHD.rur M.CHD.urb F.CHD.rur F.CHD.urb Pig.MAP 
(1/100.000)

(Mg/Ca).ft 
(%)

(Mg/K).ft 
(%) µ.MORT µ.ft

Alc -0.47 -0.81 -0.88 -0.92 -0.95 0.87 0.75 -0.81 0.81

Tobac 0.76 0.60 0.58 0.47 0.17 -0.60 -0.72 0.52 -0.66

Sugar 0.75 0.78 0.80 0.74 0.54 -0.87 -0.88 0.72 -0.88

Mg_Ca.ft -0.72 -0.92 -0.95 -0.94 -0.85 1.00 0.92   

Mg_K.ft -0.85 -0.95 -0.95 -0.92 -0.73 0.92 1.00   

Mg.sm -0.96 -0.93 -0.86 -0.83 -0.63 0.77 0.91   

Mg_Ca.sm -0.97 -0.84 -0.73 -0.69 -0.46 0.68 0.85   

Mg_K.sm -0.50 -0.11 0.10 0.12 0.26 -0.12 0.12   
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The effects of tender milling and low sugar consumption was pos-
sibly promoted by silicon [16,17] during the first years of the 1950’s, 
when even K in yields was 10 % higher than the given in fertilizers to-
gether [27]. In those years only 1/3 of total fertilizers was composed 
of “adjuvant fertilizers”, i.e, commercial fertilizers, to promote the ef-
fects of the authentic, recycled “multi-fertilizers” (manure). If we ap-
proximate leaching, it is possible that plants could take 20% or more 
of their mineral elements from agricultural soil silicates (by weather-
ing) and groundwater [27] (p19). This could be one explanation why 
Mg- and Si-content of food and manure could have been higher in the 
1950’s [35] than roughly approximated here via [36]. The studies of 
Valkonen et al. [18,19] are very important, because they show not 
only the decreasing slope CHD epidemics, but its development in the 
1950’s, which needs further attention.

Conclusions
Variation in dietary Mg-content, via (Mg/Ca) and (Mg/K) ratios in 

fertilization and soil or implicitly via [M_F] (factor), can explain Finn-
ish [CHD] and [pig.MAP]. Benefits of [Alc] can partially be explained 
by [ENV] factors. Iron can explain [F.CHD]-[M.CHD] difference.

Table 9: For normally distributed variables these are the significance 
levels of the product moment correlation coefficient r for N pairs of 
observations.

N = 25  

abs(r) > 0.41 :p < 0.05 *

abs(r) > 0.52 :p < 0.01 **

abs(r) > 0.63 :p < 0.001 ***

abs(r) > 0.681 :p < 0.0001 ****
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