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Geostatistical modelling of health events
exploits continuous spatial framework that bor-
rows strength from interpolation between obser-
ved point readings. The simplest approach is to
integrate spatial correlations in covariance matrix
[1]. Bayesian technics exploiting spatial priors
is advanced approach [2]. Cardiovascular disea-
ses proved to have distinct population distribu-
tions both cross population groups and by
localities [3]. Still CD-related disability being the
notorious leader somehow evaded attention of
geostatistical researchers. Unfortunately we
failed to find such researches for CD-related
disability in particular in Ukraine.

Materials and Methods. The frame of study
was shaped by spatial data organization by ÀÐÑ-
factors. It renders «growth» of birth cohorts in
time and age. The principal unit is birth cohort.
We studied 11 cohorts from date of birth before
1940 and consequently by five year intervals
(«1941–1945», «1946–1950», … , «after 1985»),
13443498 adult-years totally (table 1). Each
cohort captures unique combination of historical
events [4]. The other important component is time
dimension that unfolds the succession of events.

Age has intrinsic importance per se as well as
indispensable covariate to solve ambiguity of
time-age collinearity. Counties have been descri-
bed by sociodemographic variables and geogra-
phical coordinates. More to design can be found
in [5–7].

Using semivariogram.
We enhanced classical approach to the geo-

statistical modelling. It suffers from inconsis-
tencies of starting values of parameters. That is
why we suggest the computation of sample or
empirical measures of spatial continuity. These
continuity measures are the regular semiva-
riogram, a robust version of the semivariogram,
and the space covariances. Spatial prediction,
then, involves two steps. First, we model the
covariance or semivariogram of the spatial
process. This involves choosing both a mathema-
tical form and the values of the associated pa-
rameters. Second, we use this dependence model
in solving the kriging system at a specified set of
spatial points, resulting in predicted values and
associated standard errors.

We estimated the spatial variability and used
the estimates to smooth observed spatial disabi-
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lity rates. Smoothing is especially propitious for
small communities due to sporadic fluctuation
of disability rates. Next, we used smoothed
disability rates to examine plausible input to
space heterogeneity of APC-factors.

The empirical semivariogram was computed
by classical estimator from data residuals (r)
using the formula:

                                                        ,

where m is the number of pairs of observations a
distance, h, apart, γ(h) is estimated for all dis-
tances at which pairs of observations exist or at
a discrete set of lagged values within a tolerance
to ensure that a sufficient number of observations
contribute to each value of γ(h). The semi-
variogram was computed using the following
SAS statements (LP stands for linear predictor):

   proc glimmix data=spacedata;;
   class county cohort year Gender Residence;
  model Disabilitynum/population=LP;
  output out=variogramdata resid (noblup

ilink)=r_ilink;
  id latitude longitude;
   run;
  proc variogram data = variogramdata

outvar=outv;
  coordinates x=longitude y=latitude;
  compute novariogram;
  var r_ilink;
  run;

proc variogram data = variogramdata
outvar=outv;

coordinates x=longitude y=latitude;
compute lagd=10 maxlag=14;
var r_ilink;
run;
Procedure GLIMMIX was used to get resi-

duals r_ilink as input to procedure variogram.
First run of latter supplied the value for basic
distance unit defining the lags (LAGD=) and
maximum number of lag classes used in const-
ructing the continuity measures (MAXLAG=).
The average length of the lag is around 10 and
final filled so lagd=10 (fig. 1). Up to a pairwise
distance of 140 we have a sufficient number of
pairs. With choice of LAGD=10, this yielded a
maximum number of lags =140/10=14. Fig. 2
shows that the choice of a semivariogram model
is adequate. Two functions (exponential and Ga-
ussian) regressed on values of sample semivario-
gram (variable «variog») with parameters range
(R)=21 NUGGET=0.047 SILL=0.05 were fit by
NLIN procedure:

proc nlin data= variogramdata;
parms R=50.5 NUGGET=0.047

SILL=0.052;
model variog = NUGGET*(distance=0) +

SILL*(1-exp(-distance/(r)))*(distance<r) +
SILL*(distance>=r);

run;
  proc nlin data= variogramdata;
  parms R=21 NUGGET=0.047 SILL=0.05;
model variog =  NUGGET*(distance=0) +
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  Table 1. Composition of birth
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S I L L * ( 1 – e x p ( – d i s t a n c e * d i s t a n c e /
(R*R)))*(distance>=R)+ SILL*(distance>=R);

run;
We used Gaussian function with these

particular parameters in KRIGE2D procedure to
produce a contour plot of the kriging estima-
tes and the associated standard errors
(r~2*range=100′=1°40′ for Gaussian covariance
structure):

proc krige2d data= variogramdata outest=est;

pred var= r_ilink k r=100;
model NUGGET=0.047 SCALE=0.052

RANGE=50.5 form=gauss;
coord xc= latitude yc= longitude;
grid x=2960 to 3100 by 5 y=1640 to 1800 by 5;
run;
Grid values ranges from 49°20′ to 51°40′ for

latitude (given in minutes) and from 27°20′ to
30°00′ for longitude. NUGGET, SCALE,
RANGE defined by variogram (fig. 2).
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Fig. 1. Distribution of Pairwise Distances



150

ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2013. ¹ 4 (61)

Precise estimations of space covariance
matrix random effects NUGGET, SILL, RANGE
we received from procedure MIXED. We reco-
mmend to use it with the scope of initial values
around variogram estimates via PARMS option.
Otherwise, procedure can converge to local
maxima and provide grossly unreasonable
estimates. Sequence of initials should correspond
to the given in output list:

  proc mixed data= variogramdata;
  class county;
  model r_ilink =;
  repeated/ subject = county
  type = SP(GAU)(latitude longitude)
  local;
  parms (0 to 0.5 by 0.02)

(0 to 100 by 5)
(0.045 to 0.049);

  run;
The random effects estimates were:

SILL=0,050, RANGE=20,7 NUGGET=0,047.
These defined space covariance matrix.

Modifications to space heterogeneity in disa-
bility rates by irregularity in distribution of APC-

factors were assessed by comparison of likeli-
hoods of nested models. Models differed by li-
near predictor (LP): shell model with only inter-
cept in LP while LP of APC model was padded
out with APC factors. Models had the same
spatial Gauss form covariance matrix. Binominal
models with canonical logit link function were
processed by procedure GLIMMIX.

proc glimmix data=spacedata;
class county cohort year Gender Residence;
model Disabilitynum/population=LP;
random _residual_ / subject = intercept
type = SP(GAU)(latitude longitude);
parms (0.050 20.7 0.047)
run;
Results. The original data in Zhytomyr

region bear evidences of heterogeneity in space
distribution of CD-related disability risks (fig. 3).
Three picks are conspicuous. Listed by height
they are: northern (of latitude above 51° within
longitude of the range 27°20′–29°), southern (of
latitude up to 50°40′ within longitude of the range
27°40′–29°40′),  and eastern (in ranges of latitude
50°20′ – 51°00′ and longitude from 29°30′).
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Fig. 2. Theoretical and Sample Semivariograms for CD Disability Data
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Possible applications.
Testing of hypothesis that space hetero-

geneity in disability rates enhanced by irregul-
arity in distribution of APC or other potent factors
can be proceeded by unwrapping the correspon-
ding trend fixed effect. Say, if we are interested
in test of age input to heterogeneity we compare
to models with the same covariance matrix but
different LP (with age + squared age terms and
with these dropped out). If space distribution
alters significantly, we infer that age indeed
modifies space heterogeneity. We have used the
difference between models likelihoods as opera-
tional test statistics. The procedure applied to test
consequently the input of other factors. Basically,
we compare 2 consequent nested models: shell
model and hypothesized factor model.

Shell model. It is composed by space cova-
riance structure (zero ground model). The «sub-
ject = intercept» option in procedure GLIMMIX
treats all observations in the data set as potentially
correlated. In fact, shell model depicts somewhat
smoothed original space distribution of CD-
related risks of disability. Negative double
logarithm of shell model likelihood (-2 Log
Likelihood) equals 5141512.

APC -(factor) model. Including APC-related
components to LP covariance matrix preserved
helps to test the significance of induced changes
to space distribution of risks. LP now contains
APC variables cohort, year, age, age squared. -2
Log Likelihood now dropped to 3518939.

Number of additional fixed parameters aga-
inst shell model is 21. The difference between
values of double logarithms of model likelihoods
follows in approximation chi-square distribution
with degrees of freedom equals to number of
additional parameters. ∆(2 Log Likelihood) =
(2 Log Likelihoodshell – 2 Log Likeli-
hoodÀÐÑ=5141512 – 3518939 =1622573). Chi-
square(21) 0,999 centile = 54 that is considerably
less then difference ∆(2 Log Likelihood). There-
fore, we stipulate significant ð<0,0001 impact
of ÀÐÑ-factors on geographical distribution of
CD-related risks of disability in Zhytomyr region,
Ukraine.

Conclusions
1. Proposed 2-step approach based on se-

mivariogram proved to be indispencible to
geographical modelling of health events.

2. Geographical distribution of CD-rela-
ted risks of disability for Ukraine is still to be
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Fig. 3. Space distribution of CD-related disability risks (Zhytomyr region, Ukraine)
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Î.Ì. Î÷åðåäüêî, Â.Ï. Êëèìåíþê
ÂÈÊÎÐÈÑÒÀÍÍß ÑÅÌ²ÂÀÐ²ÎÃÐÀÌÈ ÄËß ÌÎÄÅËÞÂÀÍÍß ÃÅÎÃÐÀÔ²×ÍÎÃÎ ÐÎÇÏÎÄ²ËÓ
ÌÅÄÈ×ÍÈÕ ÏÎÄ²É (ÍÀ ÏÐÈÊËÀÄ² Ð²ÂÍ²Â ²ÍÂÀË²ÄÍÎÑÒ² ÂÍÀÑË²ÄÎÊ ÑÅÐÖÅÂÎ-ÑÓÄÈÍÍÈÕ
ÇÀÕÂÎÐÞÂÀÍÜ Ó ÆÈÒÎÌÈÐÑÜÊ²É ÎÁËÀÑÒ² ÓÊÐÀ¯ÍÈ)

Ãåîñòàòèñòè÷íå ìîäåëþâàííÿ íàáóâàº âñå á³ëüøî¿ ïîïóëÿðíîñò³. Ïðîòå öåé ïðîöåñ ñòðèìóº
â³ä÷óòíà íåñòà÷à ïðîãðàìíîãî çàáåçïå÷åííÿ, çîêðåìà äëÿ ìîäåëþâàííÿ ìåäè÷íèõ ïîä³é. Ðîçêðèòî
ïîòåíö³àë ñåì³âàð³îãðàìè äëÿ âàë³äèçàö³¿ ãåîñòàòèñòè÷íèõ ìîäåëåé ìåäè÷íèõ ïîä³é. Îðãàí³çîâàíî
çà APC-äèçàéíîì (ñòðóêòóðîâàí³ çà â³êîì, ïåð³îäîì, êîãîðòîþ çà íàðîäæåííÿì) 11 êîãîðò çà äàòîþ
íàðîäæåííÿ äî 1940 ðîêó ³ äàë³ çà 5-ð³÷íèìè ³íòåðâàëàìè, âñüîãî 13 443 498 ÷îëîâ³êî-ðîê³â. Äàí³
ùîäî âèïàäê³â ³íâàë³äèçàö³¿ îòðèìàíî ñóö³ëüíèì ìåòîäîì ïî 26 ðàéîíàõ Æèòîìèðñüêî¿ îáëàñò³ íà
îñíîâ³ àêò³â îñâ³ä÷åííÿ íà ÂÒÅÊ/ÌÑÅÊ. Âèêîðèñòîâóâàëè ìåòîäè: ïîáóäîâè âàð³îãðàìè òà
ãåîñòàòèñòè÷íîãî ìîäåëþâàííÿ çà ïðîñòîðîâîþ êîâàðèö³éíîþ ìàòðèöåþ íà îñíîâ³ ïðîöåäóð
VARIOGRAM ³ GLIMMIX, SAS. Ïîêàçàíî, ùî âàë³äèçîâàí³ íà îñíîâ³ âàð³îãðàìè ïàðàìåòðè
ïðîñòîðîâî¿ êîâàðèö³éíî¿ ìàòðèö³ óìîæëèâëþþòü âèâ÷åííÿ ïðîñòîðîâî¿ ãåòåðîãåííîñò³ ðîçïîä³ë³â,
çîêðåìà APC-ôàêòîð³â. Ãåîñòàòèñòè÷íà ìîäåëü äîçâîëèëà ðîçêðèòè ñóòòºâ³ òðåíäè ³ ðîçïîä³ëè
ðèçèê³â ³íâàë³äèçàö³¿ â ðîçð³ç³ êîãîðò, ðîê³â, â³êîâèõ ãðóï íàñåëåííÿ íà îñíîâ³ ÀÐÑ-äåêîìïîçèö³¿ â
ïðîñòîðîâîìó ôðåéì³.

Êëþ÷îâ³ ñëîâà: ³íâàë³äèçàö³ÿ, ñåðöåâî-ñóäèíí³ çàõâîðþâàííÿ, ñåì³âàð³îãðàìà, ãåîãðàô³÷íà
ìîäåëü.
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ÈÑÏÎËÜÇÎÂÀÍÈÅ ÑÅÌÈÂÀÐÈÎÃÐÀÌÌÛ ÄËß ÌÎÄÅËÈÐÎÂÀÍÈß ÃÅÎÃÐÀÔÈ×ÅÑÊÎÃÎ
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Ãåîñòàòèñòè÷åñêîå ìîäåëèðîâàíèå ïðèîáðåòàåò âñå áîëüøóþ ïîïóëÿðíîñòü. Îäíàêî ýòîò ïðîöåññ
ñäåðæèâàåò îùóòèìûé äåôèöèò ïðîãðàììíîãî îáåñïå÷åíèÿ, â ÷àñòíîñòè äëÿ ìîäåëèðîâàíèÿ

studied as well as the problem of disability on a
whole.

3. Hindrances posed by complex data struc-
ture (Fu W. J., 2000). The other relates to incon-
sistency of registries that calls for smoothing.

4. Geostatistical modelling may be helpful
in adjustment of local minor irregularities by

smoothing as well as in explanation gross
discrepancies.

5. Behind seemingly stationary time distributi-
on of CD-related disability risks we discovered
significant trends and distributions by cohorts,
years, age by doing APC-decomposition in space
frame.
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ìåäèöèíñêèõ ñîáûòèé. Ðàñêðûò ïîòåíöèàë ñåìèâàðèîãðàììû äëÿ âàëèäèçàöèè ãåîñòàòèñòè÷åñêèõ
ìîäåëåé ìåäèöèíñêèõ ñîáûòèé. Îðãàíèçîâàíû ïî APC-äèçàéíó (ñòðóêòóðèðîâàíû ïî âîçðàñòó,
ïåðèîäó, êîãîðòå ïî ðîæäåíèþ) 11 êîãîðò ïî äàòå ðîæäåíèÿ äî 1940 ãîäà è ïîçæå ïî 5-ëåòíèì
èíòåðâàëàì, âñåãî 13 443 498 ÷åëîâåêî-ëåò. Äàííûå îòíîñèòåëüíî ñëó÷àåâ èíâàëèäèçàöèè ïîëó÷åíû
ñïëîøíûì ìåòîäîì ïî 26 ðàéîíàì Æèòîìèðñêîé îáëàñòè íà îñíîâå àêòîâ îñâèäåòåëüñòâîâàíèÿ íà
ÂÒÝÊ. Èñïîëüçîâàíû ñëåäóþùèå ìåòîäû: ïîñòðîåíèÿ âàðèîãðàììû è ãåîñòàòèñòè÷åñêîãî ìîäå-
ëèðîâàíèÿ íà îñíîâå ïðîñòðàíñòâåííîé êîâàðèàöèîííîé ìàòðèöû ñ ïîìîùüþ ïðîöåäóð
VARIOGRAM ³ GLIMMIX, SAS. Ïîêàçàíî, ÷òî âàëèäèçèðîâàííûå âàðèîãðàììîé ïàðàìåòðû
ïðîñòðàíñòâåííîé êîâàðèàöèîííîé ìàòðèöû ïîçâîëÿþò èññëåäîâàòü ïðîñòðàíñòâåííóþ ãåòåðî-
ãåííîñòü ðàñïðåäåëåíèé, â ÷àñòíîñòè APC-ôàêòîðîâ. Ãåîñòàòèñòè÷åñêàÿ ìîäåëü ïîçâîëèëà ðàñêðûòü
ñóùåñòâåííûå òðåíäû è ðàñïðåäåëåíèÿ ðèñêîâ èíâàëèäèçàöèè â ðàçðåçå êîãîðò, ëåò, âîçðàñòíûõ
ãðóïï íàñåëåíèÿ íà áàçå ÀÐÑ-äåêîìïîçèöèè â ïðîñòðàíñòâåííîì ôðåéìå.

Êëþ÷åâûå ñëîâà: èíâàëèäèçàöèÿ, ñåðäå÷íî-ñîñóäèñòûå çàáîëåâàíèÿ, ñåìèâàðèîãðàììà,
ãåîãðàôè÷åñêàÿ ìîäåëü.


