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CHAPTER 5PRIVATE 

MORTALITY

Introduction
As reported in Chapter 4, fertility rates in the FSM declined over the two decades before the 1994 census.  However, mortality rates in the FSM had been brought to a moderately low level, and thus little decline occurred between 1994 and 2000. In this chapter mortality is estimated directly from available registration data, and indirectly from recent censuses in the FSM to find the level and trend of mortality over time in the FSM.
Data Description
Mortality cannot be estimated through direct methods from the census data because no direct questions were asked regarding deaths. Indirect estimates of early age mortality can be derived from the questions concerning children ever born and children still alive (questionnaire item 17a). The proportion of children surviving can be applied to model life tables to produce basic mortality rates.  Children ever born and surviving were asked of women in the 1973 and 1980 Censuses as well and data are provided for comparison. 

Mortality indices of interest are crude death rate, infant mortality rate, child mortality rate, and life expectancy at birth. The crude death rate (CDR) is the most common direct measure of mortality and is defined as the number of deaths per 1,000 persons. Similar to the crude birth rate, the crude death rate is dependent on the age-sex structure; thus, it is a crude measure. An adjustment on the CDR must be made before any attempt to compare mortality over time or for different regions or countries can be made. The infant mortality rate (IMR) is defined as the number of infant deaths per 1,000 live births during the year. The IMR is a good indicator of the quality of health care in a nation because mortality is high during the first months of life and small improvements can be measured. It is also an adjusted measure but it is not dependent on the age-sex structure of a region. The child mortality rate is defined as the probability of dying between ages 1 and 5. Life expectancy at birth is the average number of years a newborn baby can expect to live, given the current level and pattern of mortality. Unlike the crude birth rate this measure is independent of the age structure of a nation and is thus a good measure for comparison between countries or regions.

Life expectancy is obtained from a life table constructed based on a set of age specific death rates, from which probability of surviving to a specific age is determined. These survival probabilities are applied to an assumed cohort of births that occurred in the same year, following the survivors as they reach successive ages until all have eventually died. From the total number of all years lived, the probability of survival from one age to another and the life expectancies at the various ages are estimated (see Arriaga, 1994 pp 74 - 83 for details on the derivation). In FSM, however, deaths are under-registered, making it difficult to obtain the life table from age specific death rates calculated from registration data. As an alternative, a life table implied by childhood survivorship ratios has been presented in this chapter.

Analysis of Mortality Data
Direct measures of mortality could be calculated using deaths registered with the Department of Health. Unfortunately, these events are under‑registered and inconsistently covered, providing only a guide to the patterns of mortality but not to the level. To compensate for the different levels of coverage and to smooth some erratic patterns, Table 5.1 presents two four-year averages of mortality rates. In both cases the CDR comes to approximately 4 per 1,000 persons, which shows large under-reporting. The CDR is calculated using the total number of deaths in a year divided by the estimated mid-period population. Age-specific mortality rates in the case of the FSM were erratic and inaccurate because of the small number of persons and deaths and because of inaccuracies in reporting. The reported age specific death rates also shows that the coverage problem was significant for childhood mortality. Direct estimation of mortality is not possible without an accurate and complete vital registration system. The FSM must make greater efforts to improve the coverage of the vital registration program.

	Table 5.1. Average Age Specific Mortality Rates (per '000), FSM: 1992-1995 and 1996-1999.
	
	

	
	1992-1995
	
	1996-1999

	
	
	Mid-period
	Age-specific
	
	
	Mid-period
	Age-specific

	
	Deaths
	population
	Mortality Rate
	
	Deaths
	Population
	Mortality Rate

	     Total
	483
	103,391
	4.7
	
	412
	106,087
	3.9

	0-5
	104
	15,884
	6.6
	
	60
	15,352
	3.9

	5-9
	11
	15,304
	0.7
	
	8
	14,791
	0.6

	9-14
	7
	14,376
	0.5
	
	10
	14,505
	0.7

	15-19
	12
	11,845
	1.0
	
	10
	12,694
	0.8

	20-24
	16
	8,523
	1.9
	
	12
	9,143
	1.3

	25-29
	13
	6,992
	1.8
	
	10
	7,304
	1.4

	30-34
	15
	6,471
	2.2
	
	12
	6,548
	1.9

	35-39
	17
	5,878
	2.9
	
	14
	6,049
	2.3

	40-44
	20
	4,736
	4.1
	
	16
	5,291
	3.1

	45-49
	19
	3,346
	5.8
	
	28
	4,048
	6.9

	50-54
	25
	2,241
	11.3
	
	28
	2,644
	10.4

	55-59
	33
	2,111
	15.7
	
	29
	2,008
	14.6

	60-64
	39
	1,951
	19.9
	
	46
	1,867
	24.8

	65-69
	43
	1,414
	30.4
	
	44
	1,435
	30.7

	70-74
	45
	1,170
	38.0
	
	39
	1,117
	34.5

	75+
	67
	1,150
	58.3
	
	64
	1,290
	49.6

	Source: Department of Health Services, FSM: 1994 and 2000 FSM Censuses, unpublished data.
	
	


The crude death rate, based on the registration system, is likely to be an underestimate due to the incomplete registration of deaths and should be considered only as a lower bound. In order to get better estimates of mortality, an indirect method was used to calculate child and infant mortality and to find a model life table applicable to the FSM. The life table is basically a statistical model of mortality experience based on given mortality rates. Model life tables allow us to project mortality rates (and other demographic indices) once we have matched a model to the population. Given the model life table we have estimated the crude death rate to be nearly 7 per 1,000 individuals. Also, the CDR implied by the life expectancy at birth should be considered as an upper bound, mainly because, while applying the indirect techniques, we could have possibly slightly over adjusted the data. The technique gives best results when fertility and mortality rates have not changed much in recent past. Thus, the results obtained from indirectly estimated CDR provide only indications for monitoring purposes.  

The life table is indirectly estimated from child survival information (for further discussion on this method see United Nations Manual X "Indirect Techniques for Demographic Estimations"). The 1994 and 2000 FSM Censuses asked women for the number of children ever born and the number of children surviving. With these data, estimations were made about the level of child mortality over the past 15 to 20 years before the respective censuses. This method assumes that the survivorship of children from women in different age groups reflects the child mortality for given periods before the census.  It also provides estimations of infant mortality, child mortality, and life expectancy at birth, and approximate changes in level for different years prior to the census. 

Table 5.2 shows the historical trends of proportion of children surviving by age of mother. As can be seen from the table, the proportion of children surviving has increased over time. In 1973 only 84 percent of children born to women ages 45 to 49 years survived to the census day. In 2000, about 93 percent of all children born to mothers ages 45 to 49 years survived to the census day. Thus we can assume that child mortality in the FSM improved between 1973 and 2000, with greater improvements between 1973 and 1980. 
	Table 5.2. Children Ever Born (CEB) and Children Surviving by Age of Mother, FSM: 1973 to 2000. 
	
	
	
	
	

	
	1973
	
	1980
	
	1994
	
	2000

	
	
	Children
	Percent
	
	
	Children
	Percent
	
	
	Children
	Percent
	
	
	Children
	Percent

	Age
	
	Survi-
	Survi-
	
	
	Survi-
	Survi-
	
	
	Survi-
	Survi-
	
	
	Survi-
	Survi-

	Group
	CEB
	ving
	ving
	
	CEB
	ving
	ving
	
	CEB
	ving
	ving
	
	CEB
	ving
	ving

	15-19
	626
	584
	93.3
	
	629
	592
	94.1
	
	749
	719
	96.0
	
	641
	628
	97.9

	20-24
	3,680
	3,410
	92.7
	
	3,969
	3,751
	94.5
	
	3,464
	3,298
	95.2
	
	3,623
	3,481
	96.0

	25-29
	5,755
	5,273
	91.6
	
	7,313
	6,895
	94.3
	
	7,454
	7,051
	94.6
	
	7,007
	6,670
	95.1

	30-34
	6,967
	6,324
	90.8
	
	8,698
	8,150
	93.7
	
	11,422
	10,712
	93.8
	
	10,310
	9,775
	94.8

	35-39
	9,677
	8,512
	88.0
	
	7,822
	7,235
	92.5
	
	14,124
	13,230
	93.7
	
	12,683
	12,016
	94.7

	40-44
	7,367
	7,181
	97.5
	
	8,145
	7,483
	91.9
	
	13,717
	12,736
	92.8
	
	14,191
	13,358
	94.1

	45-49
	6,682
	5,600
	83.8
	
	7,872
	7,158
	90.9
	
	10,366
	9,633
	92.9
	
	12,853
	11,937
	92.8

	Source: 1973 TTPI Census, Table T25 and T26; 1980 TTPI Census, Table T19; 1994 FSM Census, Table P15; 2000 FSM Census, Table P2-3.


Data on children ever born and children surviving classified by age of mother can be used to determine probabilities of surviving to specific ages. These probabilities of surviving can then be fitted to a model life table that allows us to calculate the approximate infant mortality rates and the corresponding life expectancy at birth for different time periods (United Nations, 1983; Feeney, 1976, 1980; Sullivan 1972; Coale, A., and Trussel J., 1974, 1977). The resulting mortality indices for recent censuses are summarized in Tables 5.3. The results show a decline in mortality rates over the past 27 years before the 2000 census. Data for women aged 15 to 19 years were ignored because the numbers were small and child mortality for young mothers was often selectively high. The data for the final three age groups were also disregarded because poor recollection by mothers in these ages usually gave an underestimate of the mortality rates. The most accurate information applied to women aged 20 to 34 years. These calculations could be done separately for male and female children but because of inadequate data they were combined. The United Nations Software package for mortality measurement was used for computing the various indices and their reference periods (Arriaga, 1994).

The estimates provide mortality indices for years prior to the Census (see the reference dates in Tables 5.3). The averages of the three age groups 20 to 24, 25 to 29, and 30 to 34 give the most accurate data and apply to an average reference date of about 4 years before each census. Table 5.4 contains the average of these age groups and the summary of the indicators. The 2000 data provide estimates that refer to 1996, the data from 1994 refer to 1990, the data from 1980 refer to 1976, and the 1973 data refer to 1969. 

	Table 5.3 Indirect Estimates of Early Age Mortality CEB/CS, FSM: 1973 to 2000
	
	
	
	

	
	
	
	
	
	 Probability
	
	Infant
	Child
	

	Mother's
	Children
	Children
	Proportion
	Age
	of dying by
	Reference
	mortality
	mortality
	Life

	age
	ever born
	surviving
	dead
	(x)
	age (x)
	date
	rate
	rate
	expectancy

	
	
	
	
	
	
	
	
	
	

	2000 Census
	
	
	
	
	
	
	
	
	

	20-25
	0.780
	0.749
	0.040
	2
	0.043
	Feb. 1998
	0.038
	0.011
	67.5

	25-30
	1.789
	1.703
	0.048
	3
	0.049
	Apr. 1996
	0.041
	0.012
	66.8

	30-35
	3.068
	2.909
	0.052
	5
	0.053
	Jan. 1994
	0.041
	0.012
	66.7

	1994 Census
	
	
	
	
	
	
	
	
	

	20-25
	0.769
	0.732
	0.048
	2
	0.051
	May. 1992
	0.045
	0.015
	65.7

	25-30
	2.090
	1.977
	0.054
	3
	0.056
	Dec. 1990
	0.046
	0.015
	65.4

	30-35
	3.475
	3.259
	0.062
	5
	0.066
	Apr. 1989
	0.050
	0.017
	64.6

	1980 Census
	
	
	
	
	
	
	
	
	

	20-25
	1.431
	1.136
	0.055
	2
	0.058
	Jun. 1978
	0.051
	0.018
	64.3

	25-30
	3.383
	2.518
	0.057
	3
	0.058
	Aug. 1976
	0.047
	0.016
	65.2

	30-35
	5.339
	4.108
	0.063
	5
	0.064
	May 1974
	0.049
	0.016
	64.9

	1973 Census
	
	
	
	
	
	
	
	
	

	20-25
	1.431
	1.326
	0.073
	2
	0.079
	Jul. 1971
	0.067
	0.027
	60.7

	25-30
	3.383
	3.100
	0.084
	3
	0.085
	Oct. 1969
	0.067
	0.027
	60.7

	30-35
	5.339
	4.846
	0.092
	5
	0.094
	Aug. 1967
	0.069
	0.028
	60.4

	Source: 1973 and 1980 TTPI Census, unpublished data; 1994 and 2000 FSM Censuses, unpublished data.
	
	


Mortality indicators improved during all three time periods. The ratio of infant deaths to births in a year decreased from 68 to 40 per 1,000 persons between 1969 and 1996. The child mortality rate between ages 1 and 5 also decreased from 27 to 012 between 1969 and 1996. Finally, the average length that a person could expect to live increased by almost 7 years between 1969 and 1996; however, the rapid improvements in longevity occurred only between 1969 and 1976.

	Table 5.4. Summary Indicators from Indirect Estimation of Early Age Mortality, FSM: 1969 to 1996
	

	
	Infant
	Child
	

	
	mortality
	mortality
	Life

	Reference date
	rate
	rate
	expectancy

	1996
	40
	12
	67.0

	1990
	46
	16
	65.2

	1976
	48
	17
	64.8

	1969
	68
	27
	60.6

	Source: Preceding Table 5.3.
	
	
	

	Note: These rates are calculated using the Coale-Demeny life table model West 20.
	


The trend observed in infant mortality and life expectancy at birth could have been slightly distorted by the quality of the mortality data in earlier censuses. As in the case of many developing countries, the quality of data collection is improving over time (better educated enumerators and respondents, better computational facilities, etc.). In this respect, the higher life expectancy and lower infant mortality rate observed in 1976 could be partly due to suspected under-reporting on mortality data in the 1980 Census. 

A comparison of mortality rates for the FSM to other neighboring Pacific Islands is summarized in Table 5.5. The FSM infant mortality rate of 40 was significantly higher than the average of  27, and  only slightly lower than the rates in Kiribati.  The FSM’s high level of infant mortality rate is a major concern and one that policy makers, particularly in the health sector, should prioritize.  

	Table 5.5. Estimated Mortality Data From Other Neighboring Pacific Island Nations
	 
	 

	
	Infant
	
	Life
	

	Country
	mortality rate
	 
	expectancy
	 

	Kosrae from 2000 FSM Census data
	44
	(1996)
	66
	(1996)

	FSM from 2000 Census data
	40
	(1996)
	67
	(1996)

	Guam 
	9
	(1990-95)
	72
	(1990)

	Kiribati
	62
	(1992-93)
	62
	(1990-95)

	Marshall Islands
	37
	(1999)
	68
	(1997-99)

	Nauru
	13
	(1991-93)
	58
	(1991-93)

	CNMI
	10
	(1992-96)
	70
	(1994-96)

	Palau
	19
	(1994-96)
	67
	(1990)

	Source: Preceding Table 5.4; Secretariat of the Pacific Communities, "Oceania Population 2000."

	Note: Figure in parenthesis denotes the reference period
	
	
	


Finally, for the purpose of generating life tables for the FSM, we used life expectancy at birth, computed separately from male and female survivorship data of the 2000 FSM Census (see appendix Table B03A). The male and female life expectancy at birth for the period of 1997 to 1998 was estimated at 66.5 and 67.6 years, respectively. Using a Coale and Demeny model life table for West pattern, we generated a life table for FSM that best matched the estimated life expectancies at birth. The result is presented in Table 5.6. The life table could serve useful purposes both within the demographic community and also in the world at large. The life table provides estimates of life expectancy at the various ages, survival ratios for each age group that could be used in population projections, constructing nuptiality tables, constructing actuarial tables, etc. It is, however, important to note that the life table was based on a selected level of childhood mortality. The resulting level and pattern of adult mortality may not be accurate, and therefore should be used with caution.

	Table 5.6. Life Table as Implied by Coale & Demeny Model Life Table for the West Pattern of Females and Males, FSM.

	AGE
	M(x,n)
	Q(x,n)
	I(x)
	D(x,n)
	L(x,n)
	S(x,n)
	
	T(x)
	E(x)
	A(x,n)

	   Females
	
	
	
	
	
	
	
	
	
	

	0
	0.04203
	0.04061
	100000
	4061
	96637
	0.95451
	/a/
	6760000
	67.6
	0.172

	1
	0.00324
	0.01286
	95939
	1234
	380617
	0.98967
	/b/
	6663363
	69.5
	1.458

	5
	0.00101
	0.00506
	94704
	479
	472325
	0.99549
	
	6282746
	66.3
	2.500

	10
	0.00079
	0.00396
	94225
	373
	470195
	0.99507
	
	5810422
	61.7
	2.500

	15
	0.00127
	0.00632
	93852
	593
	467876
	0.99245
	
	5340227
	56.9
	2.663

	20
	0.00175
	0.00873
	93259
	814
	464343
	0.99042
	
	4872351
	52.2
	2.600

	25
	0.00208
	0.01037
	92445
	959
	459894
	0.98875
	
	4408008
	47.7
	2.566

	30
	0.00246
	0.01221
	91487
	1117
	454722
	0.98649
	
	3948114
	43.2
	2.572

	35
	0.00302
	0.01501
	90370
	1357
	448579
	0.98301
	
	3493392
	38.7
	2.590

	40
	0.00390
	0.01934
	89013
	1722
	440956
	0.97727
	
	3044813
	34.2
	2.613

	45
	0.00542
	0.02674
	87291
	2334
	430934
	0.96780
	
	2603858
	29.8
	2.634

	50
	0.00785
	0.03856
	84957
	3276
	417058
	0.95338
	
	2172924
	25.6
	2.641

	55
	0.01154
	0.05620
	81681
	4590
	397616
	0.93003
	
	1755866
	21.5
	2.650

	60
	0.01807
	0.08667
	77091
	6682
	369793
	0.89066
	
	1358249
	17.6
	2.656

	65
	0.02927
	0.13691
	70409
	9639
	329360
	0.82603
	
	988456
	14.0
	2.646

	70
	0.04891
	0.21894
	60770
	13305
	272060
	0.72719
	
	659096
	10.8
	2.611

	75
	0.08124
	0.33862
	47465
	16072
	197841
	0.48883
	/c/
	387036
	8.2
	2.543

	80+
	0.16593
	.....
	31392
	31392
	189195
	.....
	
	189195
	6.0
	6.027

	
	
	
	
	
	
	
	
	
	
	

	   Males
	
	
	
	
	
	
	
	
	
	

	0
	0.04090
	0.03954
	100000
	3954
	96664
	0.95737
	/a/
	6649999
	66.5
	0.156

	1
	0.00230
	0.00914
	96046
	877
	382021
	0.99178
	/b/
	6553335
	68.2
	1.534

	5
	0.00092
	0.00460
	95169
	438
	474749
	0.99585
	
	6171315
	64.8
	2.500

	10
	0.00074
	0.00370
	94731
	351
	472778
	0.99508
	
	5696565
	60.1
	2.500

	15
	0.00133
	0.00664
	94380
	626
	470454
	0.99192
	
	5223788
	55.3
	2.690

	20
	0.00187
	0.00929
	93754
	871
	466653
	0.99053
	
	4753334
	50.7
	2.571

	25
	0.00191
	0.00948
	92883
	881
	462235
	0.99000
	
	4286681
	46.2
	2.526

	30
	0.00216
	0.01073
	92002
	987
	457612
	0.98798
	
	3824446
	41.6
	2.572

	35
	0.00275
	0.01367
	91014
	1244
	452113
	0.98368
	
	3366834
	37.0
	2.621

	40
	0.00396
	0.01960
	89771
	1760
	444733
	0.97556
	
	2914721
	32.5
	2.659

	45
	0.00613
	0.03021
	88011
	2659
	433863
	0.96215
	
	2469988
	28.1
	2.671

	50
	0.00957
	0.04683
	85352
	3997
	417442
	0.94106
	
	2036125
	23.9
	2.668

	55
	0.01514
	0.07310
	81355
	5947
	392838
	0.90907
	
	1618682
	19.9
	2.656

	60
	0.02360
	0.11176
	75408
	8427
	357117
	0.86198
	
	1225845
	16.3
	2.636

	65
	0.03683
	0.16926
	66980
	11337
	307826
	0.79168
	
	868727
	13.0
	2.612

	70
	0.05830
	0.25535
	55644
	14209
	243701
	0.69022
	
	560901
	10.1
	2.571

	75
	0.09263
	0.37605
	41435
	15582
	168208
	0.46971
	/c/
	317200
	7.7
	2.499

	80+
	0.17352
	.....
	25853
	25853
	148992
	.....
	
	148992
	5.8
	5.763

	Source: Implied by childhood survivorship data from the 2000 census, unpublished data.
	

	Notes: /a/ Value given is for survivorship of 5 cohorts of birth to age group 0-4 = L(0,5)/500000.
	
	
	

	          /b/ Value given is for S(0,5)=L(5,5)/L(0,5).
	
	
	
	
	
	

	          /c/ Value given is S( 75+,5)=T( 80)/T( 75).
	
	
	
	
	
	

	          M(x,n) = Age specific central death rate.
	
	
	
	
	
	

	          Q(x,n) = Probability of dying between exact age x and x+n (age-specific mortality rate).
	

	           l(x) = Number of survivors at age x.
	
	
	
	
	
	
	

	           D(x,n) = Number of deaths occurring between ages x and x+n.
	
	
	
	

	           L(x,n) = Number of persons-year lived after age x.
	
	
	
	
	

	           E(x) = Life expectancy at age x.
	
	
	
	
	
	
	

	           A(x,n) =  Average person-years lived by those who die between ages x and x+n.
	
	


Conclusion
Census data from the 2000 FSM Census suggest that life expectancy has increased by only 7 years between 1973 and 2000. Child survival has improved, with the largest improvement occurring between 1973 and 1980 and less improvement occurring in the 20 years after 1980. Direct estimation of mortality is not possible without an accurate and complete vital registration system. The FSM should make greater efforts to improve the coverage of the vital registration program.

It has also been indicated that FSM was one of the highest mortality regimes in the Pacific (both in terms of life expectancy and infant mortality) and the decline in infant mortality was not satisfactory. Given the result of the 2000 Census alone, the high level of infant mortality rate should be a real worry for FSM policy makers, particularly in the health sector.
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