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Abstract

The objectives of this research were to investigate risk factors for Dengue fever in
Thailand and to select an appropriate model. The generalized estimating equation (GEE) whose
dependent variable has a Poisson distribution and a negative binomial distribution were studied.
The secondary data consisting of the number of Dengue fever patients, rainfall, average
temperature, forest area, household income were collected. Regions and seasons were also
considered. The research found that the GEE whose dependent variable has a negative binomial is
more appropriate to be used for Dengue patient data analysis. Central region and the season
during Feb-Apr were assigned to be reference groups. Risk factors for Dengue fever were rainfall
(Relative Risk (RR) = 1.0009), average temperature (RR = 1.1736), forest area (RR = 1.0482),
southern region (RR = 2.7390), eastern region (RR = 2.0489), western region (RR = 1.4051), the

season during May-Jul (RR = 3.0526) and Aug-Oct (RR =3.2677)
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GEE with Negative binomial distribution

Model Information

Data Set WORK.MALARIA
Distribution Poisson
Link Function Log

Dependent Variable deng
Offset Variable Inpop
Observations Used 912

Class Level Information
Class Levels Values
id 76 12345678910111213141516171819 20
21222324252627 2829 3031323334353637
38394041 4243444546 47 48 49 50 51 525354
5556 57 5859 60 6162 63 64 6566 67 68697071
7273747576
Parameter Information
Parameter Effect
Prmi Intercept

Prm2 rain

Criteria For Assessing Goodness Of Fit
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Criterion DF Value Value/DF
Deviance 910 62485.7376 68.6656
Scaled Deviance 910 910.0000 1.0000

Pearson Chi-Square 910 92201.6395 101.3205
Scaled Pearson X2 910 1342.7623 1.4756

Log Likelihood 2576.7282

Algorithm converged.

Analysis Of Initial Parameter Estimates

Standard Wald 95% Confidence Chi-

Parameter DF Estimate Error Limits Square Pr > ChiSq

Intercept 1 1.5636  0.0495 1.4666 1.6606 997.87 <.0001
rain 1 0.0023 0.0002 0.0019 0.0026 182.15 <.0001

Scale 0 8.2865 0.0000 8.2865  8.2865

NOTE: The scale parameter was estimated by the square root of

DEVIANCE/DOF.
GEE Model Information
Correlation Structure AR®1)
Subject Effect id (76 levels)

Number of Clusters 76



Row1

Row2

Row3

Row4

Col1

1.0000
0.8751
0.7658

0.6701

Correlation Matrix Dimension 12

Maximum Cluster Size

Minimum Cluster Size

12

12

Covariance Matrix (Model-Based)

Prmi1
Prm1 0.01560
Prm2 -7.846E-6

Prm2

-7.846E-6

2.1381E-8

Covariance Matrix (Empirical)

Prmi1
Prmi1 0.01082
Prm2 -0.000021

Algorithm converged.

Col2

0.8751
1.0000
0.8751

0.7658

Prm2

-0.000021

1.4876E-7

Working Correlation Matrix

Col3

0.7658
0.8751
1.0000

0.8751

Col4

0.6701
0.7658
0.8751

1.0000

Cols

0.5864
0.6701
0.7658

0.8751

Cole

0.5131
0.5864
0.6701

0.7658

37



Rows5
Row6
Row7
Row8
Row9
Row10
Rowl1

Row12

Row1
Row2
Row3
Row4
Rows5
Rowé
Row7
Row8
Row9
Row10
Rowl1

Row12

0.5864
0.5131
0.4490
0.3929
0.3438
0.3009
0.2633

0.2304

Col7

0.4490
0.5131
0.5864
0.6701
0.7658
0.8751
1.0000
0.8751
0.7658
0.6701
0.5864

0.5131

0.6701
0.5864
0.5131
0.4490
0.3929
0.3438
0.3009

0.2633

Col8

0.3929
0.4490
0.5131
0.5864
0.6701
0.7658
0.8751
1.0000
0.8751
0.7658
0.6701

0.5864

0.7658

0.6701

0.5864

0.5131

0.4490

0.3929

0.3438

0.3009

0.8751

0.7658

0.6701

0.5864

0.5131

0.4490

0.3929

0.3438

1.0000

0.8751

0.7658

0.6701

0.5864

0.5131

0.4490

0.3929

Working Correlation Matrix

Col9

0.3438
0.3929
0.4490
0.5131
0.5864
0.6701
0.7658
0.8751
1.0000
0.8751
0.7658

0.6701

Col10

0.3009
0.3438
0.3929
0.4490
0.5131
0.5864
0.6701
0.7658
0.8751
1.0000
0.8751

0.7658

Col11

0.2633
0.3009
0.3438
0.3929
0.4490
0.5131
0.5864
0.6701
0.7658
0.8751
1.0000

0.8751

0.8751
1.0000
0.8751
0.7658
0.6701
0.5864
0.5131

0.4490

Col12

0.2304
0.2633
0.3009
0.3438
0.3929
0.4490
0.5131
0.5864
0.6701
0.7658
0.8751

1.0000
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Analysis Of GEE Parameter Estimates

Empirical Standard Error Estimates

Standard 95% Confidence

Parameter Estimate Error  Limits Z.Pr>|Z|

Intercept 1.3787 0.1040 1.1748 1.5826 13.25 <.0001

rain 0.0009 0.0004 0.0002 0.0017 2.37 0.0176

Score Statistics For Type 3 GEE Analysis
Chi-

Source DF Square Pr> ChiSq

rain 1 9.30 0.0023

GEE with Poisson distribution
Model Information
Data Set WORK.MALARIA
Distribution Poisson
Link Function Log
Dependent Variable deng
Offset Variable Inpop

Observations Used 912



Class Level Information

Class Levels Values

id 76 12345678910111213141516171819 20
21 222324252627 2829 3031323334353637
383940 414243 44 4546 47 48 49 50 51 52 53 54
5556 57 5859 60 61 62 63 64 65 66 67 68 69 70 71
7273747576
Parameter Information

Parameter Effect

Prmi Intercept
Prm2 rain
Prm3 temp
Prm4 forest
Prm5 north
Prmeé neast
Prm7 south
Prms east
Prm9 west
Prm10 nojan
Prm11 mayjul

Prmi2 augoct

40
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Criteria For Assessing Goodness Of Fit

Criterion DF Value Value/DF
Deviance 900 36633.1295 40.7035
Scaled Deviance 900 900.0000 1.0000

Pearson Chi-Square 900 44142.7889 49.0475
Scaled Pearson X2 900 1084.4968 1.2050
Log Likelihood 4664.4420

Algorithm converged.
Analysis Of Initial Parameter Estimates
Standard Wald 95% Confidence Chi-

Parameter DF Estimate Error Limits Square Pr > ChiSq

Intercept 1 -4.2250 0.8904 -5.9703 -2.4798 22.51 <.0001
rain 1 0.0008 0.0002 0.0004 0.0012 16.46 <.0001

0.1583  0.0297  0.1000 0.2166  28.31 <.0001

J—

temp
forest 1 0.0857 0.0101 0.0659 0.1056 71.80 <.0001
north 1 0.5183 0.1326 0.2584 0.7783  15.28 <.0001
neast 1 0.3341  0.1020  0.1343  0.5340 10.74 0.0010
south 1 1.3019 0.1051 1.0958 1.5079 153.33 <.0001
east 1 0.8718 0.1219 0.6329 1.1108 51.13 <.0001
west 1 -0.0390 0.1616 -0.3557 0.2776 0.06 0.8090
nojan 1 0.3223 0.1568 0.0150 0.6296 4.23 0.0398
mayjul 1 1.2095 0.1016 1.0105 1.4086 141.85 <.0001
augoct 1 1.3817 0.1122 1.1618 1.6016 151.67 <.0001

Scale 0 6.3799 0.0000 6.3799 6.3799



NOTE: The scale parameter was estimated by the square root of

DEVIANCE/DOF.

GEE Model Information
Correlation Structure AR(1)
Subject Effect id (76 levels)
Number of Clusters 76
Correlation Matrix Dimension 12
Maximum Cluster Size 12
Minimum Cluster Size 12

Covariance Matrix (Model-Based)

Prmi1 Prm2 Prm3 Prm4 Prms Prmeo

Prm1 0.47685  -4.274E-6 -0.01263  -0.000403 -0.09035 -
0.09030
Prm2 -4.274E-6  1.4871E-8 5.6094E-8 -5.185E-8 1.7383E-7 -
2.386E-9
Prm3 -0.01263  5.6094E-8  0.0004026  7.6552E-6  0.0005657
0.0005330
Prm4 -0.000403 -5.185E-8  7.6552E-6  0.0006032  -0.004740 -
0.000843
Prm5 -0.09035  1.7383E-7  0.0005657 -0.004740 0.13107
0.08089
Prmeo -0.09030  -2.386E-9  0.0005330 -0.000843 0.08089

0.09066



Prm7

Prms8

Prm9

Prm10

Prmi11

Prm12

-0.09662

-0.08068

-0.08028

-0.03548

-0.02211

-0.02759

-2.453E-7  0.0007475
0.07514
-7.744E-7  0.0002484
0.07421
7.2718E-7  0.0002384
0.07783
-1.347E-6 0.001006
0.002281
-5.376E-7  0.0005611
0.0008847
-1.863E-6  0.0007002

0.001422

-0.000703

-0.000418

-0.002947

0.0000531

0.0000666

0.0000464

0.07982

0.07699

0.09695

0.002132

0.0009649

0.001200
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Covariance Matrix (Model-Based)

Prm7 Prms8 Prmo9 Prm10 Prmi11 Prm12

Prm1 -0.09662 -0.08068 -0.08028 -0.03548 -0.02211 -0.02759
Prm2 -2.453E-7  -7.744E-7  7.2718E-7  -1.347E-6  -5.376E-7 -
1.863E-6
Prm3 0.0007475  0.0002484  0.0002384 0.001006 0.0005611
0.0007002
Prm4 -0.000703  -0.000418  -0.002947  0.0000531  0.0000666
0.0000464
Prm5 0.07982 0.07699 0.09695 0.002132  0.0009649
0.001200
Prmeé 0.07514 0.07421 0.07783 0.002281  0.0008847
0.001422
Prm7 0.09427 0.07425 0.07714 0.001060 0.001087 0.001548
Prm8 0.07425 0.13762 0.07547  0.0006248  0.0002989
0.0003661
Prm9 0.07714 0.07547 0.31030  0.0008097  0.0002333
0.0003689
Prm10 0.001060 0.0006248  0.0008097 0.008609 0.003882
0.005631
Prmi11 0.001087  0.0002989  0.0002333 0.003882 0.004896
0.004726
Prmi2 0.001548 0.0003661  0.0003689 0.005631 0.004726

0.007137



Covariance Matrix (Empirical)

Prm1 Prm2 Prm3 Prm4 Prms Prmeé

Prm1 0.69140  -0.000037 -0.02019 0.003648 -0.08347 -
0.09962
Prm2 -0.000037 4.1166E-8  9.0236E-7 2.505E-7  6.2458E-6
6.7281E-6
Prm3 -0.02019  9.0236E-7  0.0006145 -0.000115 0.001796
0.002164
Prm4 0.003648 2.505E-7 -0.000115 0.0004778 -0.005273 -
0.001765
Prms5 -0.08347  6.2458E-6 0.001796  -0.005273 0.09526
0.04248
Prmeo -0.09962  6.7281E-6 0.002164  -0.001765 0.04248
0.08514
Prm7 -0.06422  -9.097E-6 0.001286 -0.000876 0.03287
0.02927
Prms8 -0.008463 1.7577E-6  -0.000404  -0.000323 0.02581
0.02339
Prm9 -0.02186  -5.044E-6  -0.000042 -0.001787 0.04476
0.03212
Prm10 -0.05404  8.4826E-7 0.001551  -0.000541 0.008361
0.01163
Prmi1 -0.05691  3.7507E-6 0.001692  2.0316E-6 0.002467

0.004827
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Covariance Matrix (Empirical)

Prm7 Prms8 Prm9 Prm10 Prmi11 Prm12

Prm1 -0.06422  -0.008463 -0.02186 -0.05404 -0.05691 -0.07456
Prm2 -9.097E-6 1.7577E-6  -5.044E-6  8.4826E-7 3.7507E-6 -
6.985E-7
Prm3 0.001286  -0.000404 -0.000042 0.001551 0.001692
0.002155
Prm4 -0.000876 -0.000323  -0.001787 -0.000541 2.0316E-6 -
0.000487
Prm5 0.03287 0.02581 0.04476 0.008361 0.002467 0.007479
Prmeo 0.02927 0.02339 0.03212 0.01163 0.004827 0.01250
Prm?7 0.03610 0.02241 0.02388 0.004155 0.004024 0.007567
Prms8 0.02241 0.04949 0.02376  -0.001917  -0.000106 -
0.004042
Prm9 0.02388 0.02376 0.17768 0.006538  -0.000553
0.002303
Prm10 0.004155  -0.001917 0.006538 0.008861 0.003307
0.008798
Prmi11 0.004024  -0.000106 -0.000553 0.003307 0.006525

0.005869



Covariance Matrix (Empirical)

Prmi1 Prm2 Prm3 Prm4 Prms5s

Prmi2 -0.07456  -6.985E-7 0.002155  -0.000487

0.01250

Covariance Matrix (Empirical)
Prm?7 Prms8 Prm9 Prm10 Prmi1

Prmi2 0.007567 -0.004042 0.002303 0.008798

0.01364
Algorithm converged.
Working Correlation Matrix

Col1 Col2 Col3 Col4 Cols
Rowl 1.0000 0.8256 0.6816 0.5627 0.4646
Row2 0.8256 1.0000 0.8256 0.6816 0.5627
Row3 0.6816 0.8256 1.0000 0.8256 0.6816
Row4 0.5627 0.6816 0.8256 1.0000 0.8256
Row5s 0.4646 0.5627 0.6816 0.8256 1.0000
Roweé 0.3836 0.4646 0.5627 0.6816 0.8256
Row7 0.3167 0.3836 0.4646 0.5627 0.6816
Rows8 0.2615 0.3167 0.3836 0.4646 0.5627
Row9 0.2159 0.2615 0.3167 0.3836 0.4646
Row10 0.1782 0.2159 0.2615 0.3167 0.3836
Rowl1 0.1471 0.1782 0.2159 0.2615 0.3167
Row12 0.1215 0.1471 0.1782 0.2159 0.2615

Prmeé

0.007479

Prmi12

0.005869

Cole
0.3836
0.4646
0.5627
0.6816
0.8256
1.0000
0.8256
0.6816
0.5627
0.4646
0.3836

0.3167
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Rowl

Row2

Row3

Row4

Row5

Row6

Row7

Row8

Row9

Row10

Rowl1

Row12

Col7

0.3167

0.3836

0.4646

0.5627

0.6816

0.8256

1.0000

0.8256

0.6816

0.5627

0.4646

0.3836

Cols

0.2615

0.3167

0.3836

0.4646

0.5627

0.6816

0.8256

1.0000

0.8256

0.6816

0.5627

0.4646

Working Correlation Matrix

Col9

0.2159

0.2615

0.3167

0.3836

0.4646

0.5627

0.6816

0.8256

1.0000

0.8256

0.6816

0.5627

Col10
0.1782
0.2159
0.2615
0.3167
0.3836
0.4646
0.5627
0.6816
0.8256
1.0000
0.8256

0.6816

Col11

0.1471

0.1782

0.2159

0.2615

0.3167

0.3836

0.4646

0.5627

0.6816

0.8256

1.0000

0.8256

Col12

0.1215

0.1471

0.1782

0.2159

0.2615

0.3167

0.3836

0.4646

0.5627

0.6816

0.8256

1.0000

48



Analysis Of GEE Parameter Estimates
Empirical Standard Error Estimates
Standard 95% Confidence
Parameter Estimate Error  Limits Z. Pr>|Z|
Intercept -5.0219 0.8315 -6.6516 -3.3922 -6.04 <.0001
rain 0.0006 0.0002 0.0002 0.0010 3.14 0.0017
temp 0.1685 0.0248 0.1199 0.2171 6.80 <.0001
forest 0.0795 0.0219 0.0367 0.1223 3.64 0.0003
north 1.4129 0.3086 0.8080 2.0178 4.58 <.0001
neast 1.2279 0.2918 0.6560 1.7998 4.21 <.0001
south 2.0699 0.1900 1.6975 2.4423 10.89 <.0001
east 1.2916 0.2225 0.8556 1.7276 5.81 <.0001
west -0.1018 0.4215 -0.9280 0.7243 -0.24 0.8091
nojan 0.3432 0.0941 0.1587 0.5277 3.65 0.0003
mayjul  0.6982 0.0808 0.5399 0.8565 8.64 <.0001

augoct  0.8055 0.1168 0.5766 1.0344 6.90 <.0001
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