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2 

3 Logistic regression was used to investigate the effects of host 

4 . characteristics, production, and 23 veterinary diagnoses on the odds of 

5 contracting seven metabolic disorders among 61, 124 Finnish Ayrshire 

6 CCMS who calved during 1983. Cc:Ms in higher-producing herds were at 

7 increased risk of parturient :paresis, udder edema, and ketosis. Cows 

8 which had higher previous yields were at increased risk of parturient 

9 and nonparturient paresis and ketosis. All of the metabolic disorders 

10 except udder edema were directly interrelated. Dystocia, prolapsed 

11 uterus, other infertility, and abortion were not risk factors for any 

12 of the seven metabolic disorders; ho;vever, retained placenta, early 

13 metritis, traumatic reticuloperitonitis, acute and chronic mastitis, 

14 and foot or leg- injury each were direct risk factors for at least two 

15 metabolic disorders. 

16 

17 

18 

19 

20 Few epidemiologic studies (as opposed to feeding trials or trials 

21 of preventive management practices) have examined simultaneously (and 

22 with a large data set) disease and production risk factors for 

23 metabolic disorders. 

24 A data set of 61, 124 Finnish Ayrshire lactations begun in 1983 was 

25 available. 'Ihe set contained infonnation on 23 veterinary-made 

26 diagnoses, herd milk yield, and co;v milk yield. We used this data set 
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to generate hypotheses on risk factors for metabolic disorders, and to 

validate relationships suggested by previous studies (e.g., 7, 11, 16). 

Prelimina.I:y analyses of these data were reported previously (12, 16}. 

Metabolic disorders were defined broadly to include parturient and 

nonparturient paresis, udder edema, disorder of the abomaslnn (which by 

clinical :i.npression primarily is left displaced abomasum), irrloor and 

outdoor hypomagnesemia, and ketosis. our first objective was to 

generate hypotheses regarding risk factor-disease relationships not 

previously studied. OUr second objective was to re-examine "known" 

relationships under conditions of rnax.imurn practical (for an 

observational study) statistical control of potential confounding by 

other disorders. 

Lata 

'Ih.e Finnish dairy cow health data recording system has been 

described previously (17). 'Ihe data are from 61,124 Finnish Ayrshire 

cattle who calved during 1983 and from whom data on 23 veterinary 

diagnoses were collected from 2 days before calving to either a 

subsequent calving or removal from the herd. All cows were pedigreed, 

were bred by artificial insemination, and were in herds that recorded 

milk. 'Ih.e herds were from the 76 (out of 461) communities that were 

judged to have the best record-keeping (16). '!he data included only 
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1 those diagnoses treated by veterinarians during fa.nn visits. 'Ihe 

2 diagnoses were made according to ordinary clinical ~thods und.er field 

3 conditions. Only the first diagnoses of each disease in each lactation 

4 were considered, ani repeated treat:mants or treatments by telephone 

5 prescription (i.e., without the veterinarian seeing the cow) were 

6 excluded. 

7 'Ihe ~tabolic disorders studied were: parturient (within 2 d 

8 before and 7 dafter calving) and nonparturient paresis, udder edema, 

9 disorder of the abomasum (most cases probably were abomasal 

10 displacements), indoor (hypomagnesemia treated during the indoor 

11 season) and outdoor hypomagnesemia (hypomagnesemia treated during the 

12 outdoor season), and ketosis. Sixteen other veterina.J:y diagnoses were 

13 considered as risk factors for metabolic disorders: dystocia, prolapsed 

14 uterus, retained placenta, early metritis (diagnosed within 42 days 

15 postpartum), silent heat (anestrus or subestrus), cyst (ovulatory 

16 dysfunction including cystic ovaries) , prolapsed vagina, late metritis 

17 (diagnosed later than 42 days postpartum), other types of infertility 

18 (reproductive disorders which were not included in the fonner 

19 diagnoses), abortion, rumen acidosis, traumatic reticuloperitonitis, 

20 acute and chronic mastitis, teat injury, and foot or leg injury. 

21 

22 T.ilre-o:rde.ri.DJ of Variables 

23 We wanted to examine each metabolic disease in tun1 as the 

24 dependent (outcome) variable in a multivariate :model in which all other 

25 preceding or concurrent events were potential risk factors. To do 

26 this, we read the edited data set of 61,124 lactations once for each 
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1 disease. Within each such data set, that one disease became the 

2 dependent variable which detennined "case" or "control" status for each 

3 lactation record. Because every case had a day in milk (DIM) of 

4 diagnosis, we then recoded potential risk factor diseases to code = 0 

5 ("absent") if the DIM of the potential risk factor was greater than the 

6 DIM of the designated outcome disease of the data set. 

7 However, a potential bias existed for control records, because in 

8 them there was no recorded "cut-off" DIM for cormting or not cormting 

9 the risk factor diseases. If the entire control lactation were "at 

10 risk" for the occurrence of risk factor disease, then the controls 

11 could have "too many" occurrences of disorders such as rnasti tis, which 

12 would have biased odds ratios (ORs) towards the null. 'Iherefore, prior 

13 to reading the data set and recoding risk factors to reflect proper 

14 time sequences, the entire data set was randomized once. 'Ihen, if a 

15 particular record did not have a particular disease, the DIM variable 

16 for that disease in that record was assigned the same value as the DIM 

17 for that disease in the previous record that did have that particular 

18 disease in the randomized list. 'Ibis meant that the controls for each 

19 disease were assigned a DIM cut-off that was random but in proportion 

20 to the distribution of the DIM for the cases of that disease (15). 

21 After the data set was read once for each "disease-as-outcome", 

22 putative risk factor diseases in each control record were receded to 

23 code=O if their DIM were greater than the randomly-assigned DIM for the 

24 outcome disease (just as had been done in case records). 'Ihus, there 

25 was equal "opportunity" for risk factor diseases to be cormted as 

26 present in both cases and controls. 
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statistical Analysis 

All statistical analyses were carried out using the Statistical 

Analysis System (SAS, 27). A 3-stage process was used to model each 

outaJme disease. In the first stage, 2 x 2 chi-square tests were done 

to relate each outaJme to each potential risk factor disease. Only 

risk factor diseases associated at P ~ .10 with the outcome in these 

unconditional chi-square tests were advanced to the second stage. 

The second mcx1elling stage began with a multiple logistic 

regression mcx1el (the CA'IMOD procedure in SAS) that included all the 

risk factor diseases that passed the first screening stage, plus 

parity, season, cow milk yield class, and herd milk yield class. 

Parity classes always included 2, 3-4, 5-6, and >6; for disorder of the 

abomasum and udder edena there was also a class for first lactation. 

If the parity classes included first lactation, the entire edited set 

of 61, 124 records was used and the milk yield classes for both cow and 

herd were from the current lactations; otherwise, records from first 

lactations were excluded, the sample size was 41,989, and the milk 

yields were from the previous lactation. Season had 3 classes (fall 

September - December, spring = January - April, summer = May - August). 

Wald' s test (ratio of logistic regression coefficient and its standard 

error related to the Z-distribution) was used to test the significance 

of the tenus in the mcx1el. Any variables not significant at P .::; . 10 

were removed and the logistic regression was rerun with the more 

parsimonious set of risk factors. Wald' s tests were done again and the 

process continued until a model was obtained in "Which all variables 
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1 were significant at P ~.10. 

2 In the third stage of the mcx:lelling, camrmmity was forced into all 

3 lCXJistic Im.lltiple regression mcx:lels and the level of significance was 

4 lCMered to 5%. Arr:f predictor variable (except community) with P > .05 

5 by Wald' s test was removed and the reduced model was renm until final 

a• ----•n&G-IIIIIil'ltmc:no:rld~E!""''Jtd:ITm-iii'* Wdr'the:..::only-variables were community plus 

7 those with coefficients significant at 5%. For udder edema. and the 

8 hypornagnesemias the CA'IM)D procedure in SAS did not coiWerge when the 

9 models included cormmmity. Including connnunity in the three models 

10 created a sparse data problem with zero cells. Adding . 5 to the 

11 frequency count in each cell to avoid trouble with log of zero 

12 probabilities did not solve the problem. The results for these 

13 

14 

disorders are reported from the models without cormm.mities. 

A logistic regression model predicts the log odds (logit) for a 

15 dependent variable as an additive function of the independent variables 

16 ( 13) . The CA'IM:)D procedure in SAS estimates parameters using 

17 unconditional maximum likelihood method (27). 'Ihe odds ratio (the 

18 antilogarithm of the coefficient for an inde}?el1dent variable in a 

19 logistic regression) was used as an approximate measure of relative 

20 risk. Confidence intervals for odds ratio estimates were obtained as 

21 described by LemeshCM and Hosmer (18). Odds ratios greater than one 

22 imply an increased risk of contracting a disease with increasing value 

23 of independent variable and odds ratio less than one imply a decreased 

24 risk of contracting a disease with increasing value of independent 

25 variable (14). 

26 
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1 

2 

3 

4 

~·· ...,., . . ..... ~-····-~ ~~z-s1Y)'i'o/'?tl'Cl':~§J*iF1¥#·1§~~ 

~-.w::.~'~J;,:.ii; ... ::.;:"'-6 ~H•an:""""~kAl:togeth.er~""33~jJ'%~ (20 1 384)·-of the cows ·were·t.reafed at' least once 

7 by a veterinarian for some kirrl of disease. 'lhese 20 1 384 cows had 

8 30 1 298 first treabnents (Table 1). 6571 cows had multiple first 

9 treabnents. Eleven percent of the cows were treated for metabolic 

10 disorders 1 which made up 24. 4 % of first treabnents by a veterinarian. 

11 

12 J::Jeioographic <llaracteristics 

13 In agreement with other studies ( 1 1 3 1 5 1 8 1 9 1 111 21) 1 the cx:lds 

14 of parturient and nonparturient paresis increased with parity (Tables 

15 2 1 7). Udder edema had an irregular parity pattern (Table 3; it was 

16 lower in 2 and >6 parities) ; higher risk in first-lactation heifers is 

17 known (6). Disorder of the a1::xJrnasum, ketosis, and outdoor 

18 hypomagnesemia peaked during the middle parities (Tables 4 1 6, and 8) ; 

19 this pattern was found previously for left displaced abomasum and 

20 ketosis (2, 3, 8, 17, 20, 21, 25, 29; but not 5). Parity was not 

21 significant for indoor hypomagnesemia (Table 5); there are no other 

22 reports of this association (or of that for the outdoor syndrome). 

23 rate fall and early winter calvings were at decreased odds of 

24 outdoor hypomagnesemia (Table 8), but winter was the season of higher 

25 risk for indoor hypomagnesemia and ketosis (Tables 5, 6). Another 

26 Finnish study (26) found that hypomagnesemia tetany occurred more often 
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1 in the smmner. Most other studies also found a winter-peak pattern for 

2 ketosis (2, 8, 17, 23; but not 10). '!he cx:ids of parturient and 

3 nonparturient paresis, edema, and disorder of the abomasum did not vary 

4 significantly by month of calving (Tables 2, 7, 3, and 4). canadian 

5 and Finnish studies also found no seasona.l patteJ:n for milk fever (8, 

..... ____ 6 ---26) rbut SWedish studies (1, 10) suggested higher risk· :in-the ·summer·;-·--·· 

7 Previous studies of left displaced abomasum found no seasonal risk ( 8, 

8 29) or higher risk in the winter (20, 22, 25). 

9 Because our final model for udder edema and al:x::lmasal disorder 

10 included the c.aws in the first lactation, previous-lactation milk 

11 yields were not considered in the analyses. In our preliminary 

12 analyses for multiparous CCMS, previous herd milk yield was a 

13 significant explainer of both edema and abomasal disorder, but cow milk 

14 yield was not (12). Multiparous CCMS with higher previous-lactation 

15 milk yields had greater cx:ids of parturient and nonparturient paresis 

16 and of ketosis (Tables 2, 6, 7). The higher risk was found previously 

17 for milk fever (1, 9, 28; but not 5). Higher risk of ketosis with 

18 higher previous yields was suggested by Ekesbo (10) and by Pehrson 

19 (24), but not by others (5, 7, 17, 28). There was no evidence of cow's 

20 milk yield influencing the odds of the other disorders (Tables 3, 4, 5, 

21 8) . However, Shanks et al. found higher incidence of udder edema among 

22 heifers of higher genetic potential for milk yield (28). Previous 

23 studies are inconsistent regarding previous yield and left displaced 

24 al:x::lmasum, but the multivariable studies tend to support a lack of 

25 association (4, 5, 7, 20, 23, 28). 

2 6 Being a member of a higher-prcx:iucing herd increased a CCM' s odds 
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1 of parturient paresis (consistent with 10), udder edema, arxl ketosis 

2 (Tables 2, 3, 7). saloniem.i arrl Roine (26) found a 2-fold higher (but 

3 non-significant) rate of hypomagnesemic tetany among CCMS in milk-

4 recording herds (which tend to have higher yields than non-recording 

5 herds) , but we found no association between herd yield arxl 

.--·-------~-.,.,... .. 6 -;;;;:-··~ hypamagrieSemi~Tab1:es-;-·s;=a-r~...... • · ~. ··-·--; ·+;··- --- ~~-·~----·.~-

7 

8 Disease Risk Factors 

9 We stress the point that no diagnoses made later than the outcome 

10 in question were included in the analyses. 'Ihe G2 statistics for lack 

11 of fit for all models were non-significant (all P's > .82), implying 

12 good fits to the data. All the effects retained in the final models 

13 were significant (P ~ . 05 by Wald' s tests) . 

14 Relationships among metabolic disorders are combined in Figure 1 

15 from the seven logistic regression models. Non-metabolic diseases 

16 not associated with at least two metabolic disorders arxl demographic 

17 variables were excluded from the figure. Because the arrows come from 

18 seven different time-ordered sub-sets (Tables 2 - 8), it is possible to 

19 see e.g., that the CCMS with nonparturient paresis have greater odds of 

20 ketosis arxl the CCMS with ketosis have greater odds of nonparturient 

21 paresis. 

22 Dystocia, prolapsed uterus, other infertility, arxl abortion were 

23 not associated directly with any of the metabolic disorders (Tables 2 -

24 8). Udder edema was not related directly to any of the metabolic 

25 disorders, but did share a "common cause" risk factor (retained 

26 placenta) with abomasal disorder arxl ketosis. 'Ihe associations between 
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1 retained placenta and left displaced abomasum am ketosis have been 

2 sham before (2, 5, 7, 19}. 

3 Parturient paresis directly increased the odds of hYIXJI!li3.gnesemia, 

4 abomasal disorder, am ketosis. Other studies {5, 19) did not find 

5 this assoc:iation with left displaced abomasum. '!he difference could be 
----"- ,.... _, ___...,...,...,..,_ ... ".~~= t· ,;.., -.:zrr:v:::··ra' :at#·erttmr i'Fz:,'Zl'V:3iSiP77?~~-·-,·.;;a;m;;:·s;m;;;_p;za· 

,. ;i'l'-"'b~6-;;-~~~ H~ih:0:.¥.nesians or due to differences in 

7 statistical pcMer. Two of three other studies confinn the relationship 

8 between milk fever and ketosis (2, 5; but not 7). Nonparturient 

9 paresis has not been explored in other epiderniolcgic studies. In this 

10 study, nonparturient paresis was a risk factor for outdoor 

11 hYIXJI!li3.gnesernia, abomasal disorder, and ketosis -- and was itself 

12 contributed to by indoor hYIXJI!li3.gnesernia, ketosis, acute mastitis, and 

13 foot or leg injw::y. Mastitis diagnoses increased the odds of 

14 concurrent or subsequent diagnosis of udder edema, disorder of the 

15 abomasum, ketosis, and nonparturient paresis. 'Ihese associations with 

16 clinical mastitis have not been noted previously. Farly metritis was 

17 related to disorder of the abomctsum (consistent with 19, 25), indoor 

18 hypo:rragnesemia, and ketosis. 

19 Clinical ketosis is a risk factor for abomasal disorder both in 

20 our study (Table 4) and in 2 others (5, 29); therefore, the 

21 relationship between ketosis and abomasal disorders is bidirectional 

22 rather than only unidirectional (displacement does lead to ketosis; 5, 

23 7). In all, 15 disorders increased the odds of diagnosis of ketosis. 

24 We suspect that in most instances the ketosis is secondal:y to loss of 

25 appetite (or inability to stand and feed) due to the earlier (risk 

26 factor) disorder. 
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1 

2 General DLc::;a1ssicn 

3 Our data set differs from others used in published epidemiologic 

4 studies in a number of ways. All ccrws were Ayrshire; the North 

5 American, Israeli, and some SWedish studies were of Holstein-Friesian 

,_.;.;;.;;·;-·;~;...;;.;.,~6~type:.cattle~datif;~~lffi:ger'tllaif-tha~_;;::iri~J:l:::lJU:b-a~fevi:.v··r .. ,·-··-··_,·-:;;w-,.~.:s: 

7 Scandinavian studies. While this size gives us great statistical power 

8 and the opportunity to examine rarer disorders, it does not guarantee 

9 that observed associations are of economic importance. We investigated 

10 relationships among 23 disorders - I'l'ICUlY more than any other study 

11 except that of Ibhoo and Martin (7). Although this allowed for 

12 extensive control of potential confounding (by other disorders) in the 

13 analysis, it also meant that some of the "discovered" relationships 

14 may, in fact, represent Type I (alpha) errors - especially those not 

15 observed in other data sets. 

16 To be considered as a risk factor in our analysis, a diagnosis had 

17 to be made prior to or concurrently with the outcome disease. We 

18 cannot exclude the possibility -- once one disorder was diagnosed --

19 that the farmer or the veterinarian would observe the cow more closely 

20 for additional diseases. At the least, the physical examination for 

21 the index disease might have increased the chances of recognizing other 

22 disorders that were only border-line clinical or even sub-clinical 

23 (e.g., cow-side clinical chemistry tests on urine or milk might have 

24 increased the odds of a ketosis diagnosis). '!his "index of suspicion" 

25 bias also would lead to observing a few additional significant 

26 relationships. 
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TABlE 1. Rates of cases treated by veterinarians for 61,124 (including 
41,989 multiparous) Finnish Ayrshire CONS (calvings in 1983 in 5,661 herds). 

Diagnosis lactational incidence rate 

Median day 
All Multioarous postpartum 
~ 0 Number 

hcz:Mii3'!7'~:·;,···o~<"·r;:z:r='7F!Bi?li'"''~-::;:,-;~·..,~·~-w;r;~;;: -- _ 
~ 0 Number of diagnosis 

Parturient paresis 4.0 2451 5.3 2229 1 
Udder edema .4 214 .3 141 14 
Disorder of the abomasum .5 320 .6 243 21 

Indoor hypomagnesemia .1 82 .2 66 22 
Ketosis 6.0 3567 6.6 2755 28 
Nonparturient paresis .9 550 1.2 488 43 
Outdoor hypomagnesemia .4 215 .4 188 44 

Dystcx:::ia 1.2 718 1.0 427 0 
Prolapsed uterus .2 95 .2 68 0 
Retained placenta 4.4 2896 5.3 2229 2 

Early metritis 2.3 1410 2.2 912 16 
Silent heat 4.9 2974 4.5 1886 89 
cyst 6.8 4168 7.5 3166 89 
Prolapsed vagina .1 65 .1 48 94 

late metritis 1.1 680 1.1 448 104 
Other infertility 2.1 1310 2.0 855 129 
Abortion .4 229 .4 165 

Rumen acidosis .3 201 .3 131 56 
Tral.lll1atic 

reticuloperitonitis .6 350 .5 218 113 

Acute mastitis 6.2 3779 7.0 2946 44 
Teat injury 2.9 1795 3.1 1301 95 
Chronic mastitis 1.7 1066 2.0 860 103 
Foot or leg injury 1.9 1163 1.8 768 65 
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TABlE 2. The final logistic regression IOOdel used for parturient paresis 
( 41, 989 multiparous Finnish Ayrshire cows) • 

Risk factor 

Parity 

2 
3-4 
5-6 
>6 

-2.26 
.02 

1.05 
1.19 

Cow milk yield in previous 
lactation (305 FCM, kg) 

< 4740 -.15 
4740 - 5899 -.17 
5900 - 7059 .06 

? 7060 .26 

Herd milk yield in previous 
lactation (305 FCM, kg) 

< 4870 -.26 
4870 - 6149 . 07 

? 6150 .18 

1{76 communities) 

SE(/3) 

.01 

.05 

.05 

.13 

.07 

.04 

.04 

.05 

.08 

.04 

.05 

Odds 
ratio 

1.0 
9.7 

27.4 
31.3 

1.0 
1.0 
1.2 
1.5 

1.0 
1.4 
1.6 

95% C.I. (OR) 

7.2 - 13.0 
20.4- 36.7 
23.2 - 42.1 

.8 - 1.2 
1.0 - 1.5 
1.2 - 1.9 

1.1- 1.7 
1.2 - 2.0 

1eornrnunity was forced into logistic regression model but odds for each 
conummity is not reJ?Orted. 
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TABlE 3. 'Ihe final logistic regression IOOdel for udder edema. ( 61, 124 Finnish 
Ayrshire CCMS) • 

Risk factor f3 SE(/3) O:X1s 95% C.I. (OR) 
ratio 

Parity 
1 .27 .13 1.0 
2 -.22 .17 .6 .4 - .9 
3-4 .13 .13 .9 .6 - 1.2 
5-6 .31 .15 1.0 .7- 1.6 
>6 -.49 .26 .5 .2 - .9 

Herd milk yield in current 
lactation (305 FCM, kg) 

< 4870 -.36 .21 1.0 
4870 - 6149 .10 .13 1.3 .7 - 2.4 

.2: 6150 .46 .13 2.3 1.2 - 4.2 

Retained placenta .94 .23 2.6 1.6 - 4.0 
Acute mastitis 1.35 .22 3.8 2.5 - 5.9 
Teat 1.38 .30 4.0 2.2 - 7.2 
Chronic mastitis .95 .40 2.6 1.2 - 5.7 
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TABlE 4. 'Ihe final logistic regression nodel for disorder of the abomasum 
( 41,989 multiparous Finnish Ayrshire CXY.YS) • 

Risk factor {3 SE({3) Odds 95% C.I. 
(OR) 

Parity 
1 -.11 .13 1.0 
2 -.22 .17 .9 .6 - 1.4 
3-4 .34 .13 1.6 1.0 - 2.4 
5-6 .16 .15 1.3 .9 - 2.0 
>6 -.16 .21 1.0 .6 - 1.6 

Parturient paresis .93 .19 2.5 1.8 - 3.7 
Ketosis 1. 74 .17 5.7 4.1 - 7.9 
Nonparturient paresis 1.11 .45 3.0 1.2-7.4 
OUtdoor hypomagnesemia 1.95 .49 7.0 2.7 -18.3 

Retained placenta .87 .19 2.4 1.6 - 3.5 
Early metritis .94 .25 2.5 1.6- 4.1 

Traumatic 
reticuloperitonitis 1.35 .63 3.8 1.1 -13.1 

Acute mastitis .73 .21 2.1 1.4 - 3.1 
Chronic mastitis 1.28 .35 3.6 1.8 - 7.1 

1(76 communities) 

1eornmunity was forced into logistic regression nodel but odds for each 
connnuni ty is not reported. 
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TABlE 5. 'lhe final logistic regression m::x:lel for irrloor hypomagnesemia 
( 41,989 multi:pcrrous Finnish Ayrshire c::ows). 

Risk factor f3 SE(/3) Odds 95% C. I. {OR) 
ratio 

calving season 
January-April .64 .27 10.8 2.6 - 45.0 
May-August -1.74 .48 1.0 
September-December 1.09 .27 16.9 4.1- 70.6 

Parturient paresis 1.58 .30 4.8 2.7- 8.8 

Early metritis 1.34 .52 3.8 1.4 -10.6 
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TABLE 6. 'Ihe final logistic regression model for ketosis {41,989 multiparous 
Finnish Ayrshire CXJWS). 

Risk factor f3 SE(/3) O::lds 95% C.I. 
ratio (OR) 

Parity 
2 -.07 .04 1.0 
3-4 .25 .03 1.4 1.2- 1.5 
5-6 .09 .04 1.2 1.0 - 1.3 
>6 -.26 .06 .8 • 7 - 1.0 

calving season 
January-April .66 .03 5.6 4.9 - 6.4 
May-August -1.06 .05 1.0 
september-IE::ember .40 .05 4.3 .6 - 5.1 

Cow milk yield in previous 
lactation (305 FQI[, kg) 

< 4740 -.09 .05 1.0 
4740 - 5899 -.14 .04 .9 .8 - 1.1 
5900 - 7059 .09 .03 1.2 1.0- 1.4 

.? 7060 .14 .05 1.3 1.1 - 1.5 

Herd milk yield in previous 
lactation (305 .Fa1, kg) 

< 4870 -.20 .07 1.0 .. 
4870 - 6149 . 09 .04 1.3 1.1- 1.6 

~6150 .12 .04 1.4 1.1- 1.7 

Parturient paresis .45 .08 1.6 1.3 - 1.8 
Disorder of the abomastnn .90 .22 2.5 1.6- 3.8 
Indoor hypomagnesemia 1.20 .38 3.3 1.6- 7.0 
Nonparturient paresis .69 .21 2.0 1.3- 3.0 
OUtdoor hypomagnesemia 1.93 .32 6.9 3.7 -12.8 

Retained placenta .20 .09 1.2 1.0- 1.5 
Early metritis .84 .11 2.3 1.9 - 2.9 
Silent heat .88 .24 2.4 1.5 - 3.9 
Cyst 1.10 .16 3.0 2.2 - 4.1 
Late metritis 1.26 .55 3.5 1.2 -10.4 

Rumen acidosis . 75 .36 2.1 1.0 - 4.3 
Traumatic 

reticuloperitonitis .74 .33 2.1 1.1- 4.0 

Acute ma.stitis .37 .10 1.4 1.2 - 1. 7 
Chronic rna.stitis .85 .18 2.4 1.7 - 3.3 
Foot or leg injury .51 .18 1.7 1.2 - 2.4 
1(76 communities} 
lCommunity was forced into logistic regression model but odds for each 
community is not reported. 
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TABIE 7. 'llle final logistic regression m:xiel for nonparturient paresis 
( 41,989 multiparous Finnish Ayrshire cnvs) • 

Risk factor 

Parity 

2 
3-4 
5-6 
>6 

Cow milk yield in previous 
lactation (305 days, 4% FCJ1, 

< 4740 
4740 - 5899 
5900 - 7059 

~ 7060 

Indoor hypomagnesemia 
Ketosis 

Prolapsed vagina 
Rumen acidosis 
Acute mastitis 
~oot or leg injury 

1(76 connnuni ties) 

f3 

-.73 
.11 
.21 
.41 

kg) 
-.30 
-.15 

.09 

.36 

1.49 
.60 

2.17 
1.44 
1.22 

.86 

SE(/3) 

.11 

.07 

.08 

.10 

.12 

.08 

.08 

.09 

.62 

.17 

.76 

.55 

.14 

.21 

o:lds 
ratio 

1.0 
2.3 
2.6 
3.1 

1.0 
1.2 
1.5 
1.9 

4.4 
1.8 

8.7 
4.2 
3.4 
2.4 

95% C.I. 
(OR) 

1.7- 3.1 
1.8 - 3.5 
2.2 - 4.4 

.8 - 1.6 
1.0 - 2.1 
1.3 - 2.8 

1.3 -15.1 
1.3 - 2.5 

2.0 -38.7 
1.4 -12.2 
2.6 - 4.4 
1.6 - 3.6 

1Cornmunity was forced into logistic regression model but odds for each 

cormmmity is not reported. 
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TABlE 8. The final lo;istic regression :rncxiel for outdoor hypomagnesemia 
( 41,989 multiparous Finnish Ayrshire cows) • 

Risk factor 

Parity 

2 
3-4 
5-6 
>6 

Calving season 
January-April 
May-August 
September-December 

Parturient paresis 
Ketosis 
Nonparturient paresis 
Tra'l.IlliCl.tic 

reticuloperitonitis 

{3 

-.82 
.35 
.41 
.06 

-.03 
.74 

-.71 

.98 
1.07 
1.30 

1.49 

SE({3) 

.19 

.12 

.13 

.18 

.11 

.12 

.15 

.30 

.25 

.47 

.73 

OOds 
ratio 

1.0 
3.2 
3.4 
2.4 

2.0 
4.2 
1.0 

2.7 
2.9 
2.7 

4.4 

95% C.I. 
(OR) 

2.0 - 5.3 
2.0 - 5.8 
1.3 - 4.5 

1.2 - 3.2 
3.8 - 6.8 

1.8 - 4.0 
1.8-4.7 
1.5 - 9.3 

1.1 -18.5 
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LEGEND FOR FIGURE 

Figure L Relationships among metabolic disorders from the seven lcgistic 

regression rncrlels (Tables 2 - 8). Non - metabolic diseases not associated 

with at least two metabolic disorders and demographic variables were 

excluded from the figure. 


