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Appendix 

Table A1. Obesity rates (aged 18+) 

Africa 9.1 
Southeast Asia 4.6 
Europe 25.3 
Eastern Mediterranean 19.5 
Latin America and the Caribbean 24.1 
Western Pacific 6.7 
World 13.2 

Source: World Health Organization 

 

Table A2. Prevalence of diabetes (aged 20-80) 

Middle East and Northern Africa 11.4 
East Asia and the Pacific 8.6 
Europe and Central Asia 6.8 
Latin America and the Caribbean 8.7 
North America 10.4 
Sub-Saharan Africa 4.8 
World 8.5 

Source: World Development Indicators 

 

Table A3. Standardized prevalence of dementia (aged 60+) 

Australasia               6.91    
 Asia Pacific, High Income               5.96    
 East Asia               6.61    
 South Asia               7.70    
 Southeast Asia               7.15    
 Western Europe               6.80    
 Central Europe               4.65    
 USA               5.73    
 Latin America               8.34    
 Sub-Saharan Africa               4.63    

Source: World Alzheimer Report, 2015 
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Table A4. Changes in Healthy Life Expectancy and Life Expectancy at age 60 by 
Country from 2000 to 2015 

 (1) (2) (3) (4) (5) (6) (7) 

Country HLE 
2015 

HLE 
2000 

(1)-
(2) 

LE 
2015 

LE 
2000 

(4)-
(5) 

(6)-
(3) 

Antigua and Barbuda 15.6 14.6 1.0 19.7 18.6 1.1 0.1 
Argentina 17.2 15.9 1.3 21.7 20.2 1.5 0.2 
Bahamas 17.6 16.0 1.6 22.5 20.6 1.9 0.3 
Barbados 15.5 14.6 0.9 19.7 18.7 1.0 0.1 
Belize 13.3 12.9 0.4 17.0 16.6 0.4 0.0 
Bolivia 16.4 13.4 3.0 21.4 17.7 3.7 0.7 
Brazil 16.5 14.2 2.3 21.5 18.7 2.8 0.5 
Chile 17.9 16.6 1.3 23.3 21.6 1.7 0.4 
Colombia 16.9 15.2 1.7 21.7 19.6 2.1 0.4 
Costa Rica 18.9 17.4 1.5 24.0 22.2 1.8 0.3 
Cuba 17.6 16.7 0.9 22.5 21.5 1.0 0.1 
Dominican Republic 17.1 16.1 1.0 21.9 20.8 1.1 0.1 
Ecuador 17.7 16.6 1.1 22.7 21.5 1.2 0.1 
Grenada 14.7 13.2 1.5 19.0 17.1 1.9 0.4 
Guatemala 15.7 14.6 1.1 21.2 19.7 1.5 0.4 
Haiti 13.1 11.6 1.5 17.6 16.0 1.6 0.1 
Honduras 17.0 15.6 1.4 22.3 20.8 1.5 0.1 
Jamaica 17.4 16.2 1.2 22.4 21.0 1.4 0.2 
Mexico 16.9 16.2 0.7 22.0 21.6 0.4 -0.3 
Panama 18.7 17.6 1.1 23.9 22.6 1.3 0.2 
Paraguay 16.3 15.2 1.1 21.2 19.9 1.3 0.2 
Peru 16.8 15.3 1.5 21.5 19.8 1.7 0.2 
Saint Lucia 17.0 15.2 1.8 21.9 19.9 2.0 0.2 
Saint Vincent and the 
Grenadines 14.9 14.6 0.3 19.4 19.3 0.1 -0.2 
Sao Tome and Principe 14.1 13.3 0.8 18.3 17.6 0.7 -0.1 
Trinidad and Tobago 15.0 13.7 1.3 19.5 18.0 1.5 0.2 
Uruguay 17.4 16.2 1.2 22.1 20.7 1.4 0.2 
Venezuela 16.9 15.7 1.2 21.5 20.3 1.2 0.0 
        
Average 16.4 15.2 1.3 21.2 19.7 1.5 0.2 

HALE: healthy life expectancy; LE: life expectancy 
Source: World Health Organization (WHO; 2016) 
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Mathematical Appendix. 

Lemma 1. 

(i) Assume that the market wage for a family is higher than the cost of buying care 

at the market: 𝑤" > 𝑤$; then the family does not provide any care directly and 

purchases all the necessary care in the market, that is 𝑥& = 0 and 𝑥$ = 𝑥.  

(ii) Assume that the market wage for a family is lower than the cost of buying care at 

the market: 𝑤" < 𝑤$; then, the family does not buy care services and delivers all 

the necessary care itself, that is 𝑥$ = 0 and 𝑥& = 𝑥. 

(iii) Assume that the market wage for a family is equal to the cost of buying care at 

the market: 𝑤" = 𝑤$; then, the family may choose any combination of family and 

market care such that 𝑥$ ≥ 0, 𝑥& ≥ 0, and  𝑥& + 𝑥$ = 𝑥. 

 

Proof of Lemma 1. First, note that the Cobb-Douglas form implies that disposable 

income and leisure time must be positive, and therefore 𝑙 > 0 and 𝛺 > 𝑙 + 𝑥. This implies 

that the first column of (1) is a strict equality, that the first column of (5) is a strict inequality 

and 𝜆/ = 0. Let us replace these results into equation (1) to generate the following 

auxiliary expression 

0
1
𝑤" =

230
4

          (17) 

To prove (i), assume 𝑥$ < 𝑥. Then, because 𝑥& + 𝑥$ ≥ 𝑥, it must be that 𝑥& > 0. 

Therefore, the first column of FOC (2) is a strict equality. Inserting this expression into 

the first column of FOC (3) yields 

230
4
≤ 0

1
𝑤$          (37)  

And replacing (17), we get 

0
1
𝑤" ≤

0
1
𝑤$  

Which contradicts the assumption that 𝑤" > 𝑤$.Therefore, 𝑥$ = 𝑥 and 𝑥& = 0. 

To prove (ii),  assume 𝑥& < 𝑥 which implies 𝑥$ > 0, and that FOC (3) is a strict equality 
0
1
𝑤$ = 𝜆;. Replacing this value and (17) on equation (2) generates the following 
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expression 

0
1
𝑤" ≥

0
1
𝑤$          (27) 

Again, this expression contradicts 𝑤" < 𝑤$. Therefore 𝑥$ = 0 and 𝑥& = 𝑥. 

To prove (iii), because 𝑥 > 0, at least one of 𝑥&, 𝑥$ must be positive. Assuming 𝑥& > 0, 

we have 
230
4
= 𝜆;          (277) 

Replacing (277) and 𝑤$ = 𝑤" into (1’) yields 
𝛼
𝑌
𝑤" − 𝜆; = 0	

Since this expression implies FOC (3) holds, 𝑥$ may be positive. 

The analogous logic holds when assuming 𝑥$ > 0. 

 

Lemma 2. In the presence of an in-kind subsidy 𝑠 ≤ 𝑥, such that 𝑥 − 𝑠 ≥ 0 must still be 

provided, this level of care is provided following the rules (i), (ii) and (iii) of Lemma 1. 

Proof of Lemma 2. Let 𝑥7 = 𝑥 − 𝑠. We can write the Lagrangian of the UMP as 

𝛼 𝑙𝑛 𝑙𝑛	(𝑙	𝑤" − 𝑥$	𝑤$) 	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	E𝛺 − 𝑙 − 𝑥&F 		+ 𝜆;E𝑥$ + 𝑥& − 𝑥7F	

Which is analogous to the previous problem. Hence, if 𝑤" > 𝑤$ then 𝑥$ = 𝑥7 and 𝑥& =
0, if 𝑤" < 𝑤$ then 𝑥$ = 0 and 𝑥& = 𝑥7, and if 𝑤" = 𝑤$ then 𝑥& ≥ 0 and 𝑥$ ≥ 0 with 
𝑥$ + 𝑥& = 𝑥7. 

Lemma 3. In the presence of an in cash subsidy 𝑆 such that 𝑆 ≤ 𝑥	𝑤$, results (i), (ii) and 
(iii) hold. 

Proof of Lemma 3. Replacing 𝑌 = 	𝑙	𝑤" + 𝑆 − 𝑥$	𝑤$, we can write the Lagrangian of the 
UMP as 

𝛼 𝑙𝑛 𝑙𝑛	(𝑙	𝑤" + 𝑆 − 𝑥$	𝑤$)	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	E𝛺 − 𝑙 − 𝑥&F 		+ 𝜆;E𝑥$ + 𝑥& − 𝑥F	

Note that in this case it does not necessarily hold that 𝑙 > 0. We therefore rewrite the 
FOCs with 𝑌7 = 𝑙	𝑤" + 𝑆 − 𝑥$	𝑤$. 

𝜕𝐿
𝜕𝑙
=
𝛼
𝑌7
𝑤" −

1 − 𝛼
𝐿

≤ 0;	 𝑙 ≥ 0;	 𝑙 K
𝛼
𝑌7
𝑤" −

1 − 𝛼
𝐿

	− 𝜆/L = 0	 (6)	
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𝜕𝐿
𝜕𝑥&

= −
1 − 𝛼
𝐿

	+ 𝜆; ≤ 0;	 𝑥& ≥ 0;	 𝑥& K−
1 − 𝛼
𝐿

	+ 𝜆; − 𝜆/L = 0	 (7)	

𝜕𝐿
𝜕𝑥$

= −
𝛼
𝑌7
𝑤$ + 𝜆; ≤ 0;	 𝑥$ ≥ 0;	 𝑥$ O−

𝛼
𝑌7
𝑤$ + 𝜆;P = 0	 (8)	

𝜕𝐿
𝜕𝜆;

= 𝑥$ + 𝑥& − 𝑥 ≥ 0;	 𝜆; ≥ 0;	 𝜆;E𝑥$ + 𝑥& − 𝑥F = 0	 (9)	

𝜕𝐿
𝜕𝜆/

= 𝛺 − 𝑙 − 𝑥 ≥ 0;	 𝜆/ ≥ 0;	 𝜆/E𝛺 − 𝑙 − 𝑥&F = 0	 (10)	

 

If 𝑥& > 0, FOC (7) implies 230
4
= 𝜆;. Inserting this into FOC (6) gives 0

1S
𝑤" −	𝜆; ≤ 0. 

However, this expression can only hold simultaneously with FOC (8) if 𝑤" ≤ 𝑤$. 

If 𝑥$ > 0, FOC (8) implies 0
1S
𝑤$ = 𝜆;. We first consider the case in which 𝑙 > 0 and FOC 

(6) is a strict equality 0
1S
𝑤" =

230
4

. Then, FOC (7) can only hold for  𝑤" ≥ 𝑤$. 

Instead, if 𝑙 = 0, since 𝑌7 must be positive, it must be that 𝑆 > 𝑤$𝑥$. Because we 
imposed 𝑆 < 𝑥𝑤$, then 𝑥$ < 𝑥 and 𝑥& must be positive. FOC’s (7) and (8) must therefore 
be equalities, and FOC (6) can then only hold if 𝑤" ≤ 𝑤$. Last, if 𝑥$ > 0 and 𝑙 = 0, the 
following condition must hold 

𝑥$ <
(1 − 𝛼)𝑆 − 𝛼(𝛺 − 𝑥)𝑤"
𝛼𝑤" + (1 − 𝛼)𝑤$

	

And so, if 𝑆 is small enough or 𝑥 is large enough (in the sense that the numerator of the 
expression on the right-hand-side is negative), then 𝑥$ > 0 cannot hold. 

Finally, this implies that (i) if 𝑤" > 𝑤$, then 𝑥& = 0 and 𝑥$ = 𝑥; (ii) if 𝑤" < 𝑤$, it may be 
the case that 𝑙 > 0 and 𝑥& = 𝑥 and 𝑥$ = 0, or 𝑙 = 0, 𝑥& > 0 and 𝑆/𝑤$ > 𝑥$ > 0 with 𝑥& +
𝑥$ = 𝑥; (iii) if 𝑤" = 𝑤$, it may be the case that 𝑙 > 0 and 𝑥& ≥ 0 and 𝑥$ ≥ 0, or 𝑥& = 𝑥, 
𝑥$ = 0 and 𝑙 = 0. Hence, if the in cash subsidy is small in the sense that the family does 
not forgo work altogether, the rules defined by Lemma 1 hold. 

Lemma 4. For families with 𝑤" > 𝑤$ an in-kind subsidy 𝑠 and an in-cash subsidy 𝑆 =
𝑠	𝑤$ are equivalent in terms of welfare. 

Proof of Lemma 4. We start with the UMP when there is an in-cash subsidy. Replacing 
𝑆 = 𝑠	𝑤$ we have 

𝛼 𝑙𝑛 𝑙𝑛	(𝑙	𝑤" + 𝑆 − (𝑥$ − 𝑠)	𝑤$)	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	𝐿		 + 𝜆;E𝑥$ + 𝑥& − 𝑥F	

Let 𝑥$7 = 𝑥$ − 𝑠 be the amount of care hired above 𝑠. We can rewrite the problem as 



 

 

6 
 

𝛼 𝑙𝑛 𝑙𝑛	(𝑙	𝑤" + 𝑆 − 𝑥$7 	𝑤$) 	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	𝐿		 + 𝜆; O𝑥$7 + 𝑥& − (𝑥 − 𝑠)P	

If we impose the restriction 𝑥$7 ≥ 0, this problem equals the UMP with an in-kind subsidy. 
Let 𝑈WX∗  be the solution to the UMP with an in-kind subsidy and 𝑈WZ∗  be the solution to the 
UMP with an in-cash subsidy. Since adding a restriction to the UMP with an in-cash 
subsidy delivers the UMP with an in-kind subsidy, it must be true that 𝑈WZ∗ ≥ 𝑈WX∗ . 

Now, we start with the UMP with an in-kind subsidy. If we define 𝑥$77 	𝑤$ = 𝑥$	𝑤$ + 𝑆  as 
the total cost of care for a family. Since 𝑆 = 𝑠	𝑤$, 𝑥$77 	= 𝑥$ + 𝑠. Replacing these into the 
UMP with an in-kind subsidy we get 

𝛼 𝑙𝑛 𝑙𝑛	(𝑙	𝑤" + 𝑆 − 𝑥$77 	𝑤$)	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	𝐿		 + 𝜆; O𝑥$77 − 𝑠 + 𝑥& − (𝑥 − 𝑠)P	

Simplifying the restriction, we have 

𝛼 𝑙𝑛 𝑙𝑛	(𝑙	𝑤" + 𝑆 − 𝑥$77 	𝑤$) 	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	𝐿		 + 𝜆;E𝑥$77 + 𝑥& − 𝑥F	

If we add the restriction 𝑥$77 ≥ 0, we have the UMP with an in-cash subsidy. Since we 
have written the UMP with an in-cash subsidy as the UMP with an in-kind subsidy and a 
restriction, it must be that 𝑈WZ∗ ≤ 𝑈WX∗ . 

Given that 𝑈WZ∗ ≥ 𝑈WX∗  and 𝑈WZ∗ ≤ 𝑈WX∗ , it must be that 𝑈WZ∗ = 𝑈WX∗ .  

Lemma 5. For families with 𝑤" < 𝑤$, an in-cash subsidy 𝑆 is preferable to an in-kind 
subsidy 𝑠 = [

\]
. 

Proof of Lemma 5. Let 𝑙7, 𝑥&7 , 𝑥$7  be the solution to the UMP with an in-kind subsidy. 
Because of Lemma 3, 𝑥$7 = 0 and 𝑥&7 = 𝑥 − 𝑠. We define 𝑈WX∗  as the utility level attained 
by this combination. 

Now, we look at the UMP with an in-cash subsidy, and assume we added the restriction 
𝑥$ ≥ 𝑠	. Then, the Lagrangian to the problem would be 

𝛼 𝑙𝑛 𝑙𝑛	(𝑙	𝑤" + 𝑆 − 𝑥$77 	𝑤$) 	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	𝐿		 + 𝜆;E𝑥$77 + 𝑥&77 − 𝑥F + 𝜆;](	𝑥$
77 − 𝑠)	

This problem generates the following FOC. 

𝜕𝐿
𝜕𝑙
=
𝛼
𝑌
𝑤" −

1 − 𝛼
𝐿

≤ 0;	 𝑙 ≥ 0;	 𝑙 K
𝛼
𝑌7
𝑤" −

1 − 𝛼
𝐿

	− 𝜆/L = 0	 (11)	

𝜕𝐿
𝜕𝑥&

= −
1 − 𝛼
𝐿

	+ 𝜆; ≤ 0;	 𝑥& ≥ 0;	 𝑥& K−
1 − 𝛼
𝐿

	+ 𝜆; − 𝜆/L = 0	 (12)	

𝜕𝐿
𝜕𝑥$

= −
𝛼
𝑌𝑤$ + 𝜆; + 𝜆;] ≤ 0;	 𝑥$ ≥ 0;	 𝑥$ O−

𝛼
𝑌7
𝑤$ + 𝜆;P = 0	 (13)	
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𝜕𝐿
𝜕𝜆;

= 𝑥$ + 𝑥& − 𝑥 ≥ 0;	 𝜆; ≥ 0;	 𝜆;E𝑥$77 + 𝑥&77 − 𝑥F = 0	 (14)	

𝜕𝐿
𝜕𝜆;]

= 	𝑥$77 − 𝑠 ≥ 0;	 𝜆;] ≥ 0;	 𝜆;](	𝑥$
77 − 𝑠) = 0	 (15)	

 

Notice that this problem generates the same solution as before, 𝑙77 = 𝑙7, 𝑥$77 = 𝑠, 𝑥&77 = 𝑥&7 , 
delivering the same utility level 𝑈WZ77 = 𝑈WX∗ .  

Now, because 	𝑥$77 > 𝑠 > 0, FOC (13) is a strict equality. As we explained earlier, the 
case 𝑙 = 0 is an extreme case, and so we focus on 𝑙 > 0, implying  0

1
𝑤" =

230
4

. Replacing 

this into FOC (12), we get −0
1
𝑤" 	+ 𝜆; ≤ 0. Because 𝑤" < 𝑤$, then −0

1
𝑤$ 	+ 𝜆; < 0. 

Because FOC (13) is an equality, this implies 𝜆;] > 0. Finally, 	𝜆;] is the shadow cost 
of restriction 	𝑥$77 − 𝑠 ≥ 0, and given that it is positive, it implies that utility is greater if the 
restriction is lifted. Hence, because the maximal utility with an in-kind subsidy can be 
generated in the UMP with and in-cash subsidy by adding a constraint, and because this 
constraint is binding, the UMP with an in-cash subsidy must generate a greater utility 
level.  

Lemma 6. Let 𝑈WZ(𝑆) be the indirect utility function with an in-cash subsidy 𝑆 and 𝑈WX(𝑠) 
be the indirect utility function with an in-kind subsidy 𝑠 = 𝑆/𝑤$. For families with 𝑤" <
𝑤$, there exists a unique 𝑆∗ < 𝑆 such that   𝑈WZ(𝑆∗) = 𝑈WX(𝑠). 

Proof of Lemma 6. We start by showing that 𝑈WZ(𝑆) is an increasing function of 𝑆. Note 
that  

𝑈WZ(𝑆) = 𝛼 𝑙𝑛 𝑙𝑛	(𝑙7	𝑤" + 𝑆) 	+ (1 − 𝛼) 𝑙𝑛 𝑙𝑛	𝐿7	 

Where 𝑙7, 𝑥&7 , and 𝐿7 = 𝛺 − 𝑙7 − 𝑥&7  are the solutions to the UMP. Our previous discussion 
implied that for  𝑤" < 𝑤$, 𝑥&7 = 𝑥 and 𝑙7 satisfied the first column of FOC (1) with equality. 
Now, we differentiate 𝑈WZ(𝑆) with respect to 𝑆 

𝑑𝑈WZ(𝑆)
𝑑𝑆

=
𝛼𝑤"

𝑙7	𝑤" + 𝑆
	
𝜕𝑙7

𝜕𝑆
𝑑𝑆 +

𝛼
𝑙7	𝑤" + 𝑆

	𝑑𝑆 +
(1 − 𝛼)
𝐿7

	a
𝜕𝑙7

𝜕𝑆
+
𝜕𝑥&7

𝜕𝑆
b𝑑𝑆	

Since 𝑥&7  is independent of 𝑆, 
c;d

S

c[
= 0. Additionally, because of FOC (1), the first and third 

term add up to zero. Hence 

𝑑𝑈WZ(𝑆)
𝑑𝑆

=
𝛼

𝑙7	𝑤" + 𝑆
	𝑑𝑆 > 0	

Now, note that 𝑈WZ(𝑆) > 𝑈WX(𝑠) > 𝑈WZ(0). Note that out indirect utility function is 
continuous. Hence, there must exist some value 𝑆∗	Є	(0, 𝑆) such that 𝑈WZ(𝑆∗) = 𝑈WX(𝑠). 
Additionally, since 𝑈WZ(. ) is strictly increasing, 𝑆∗ is unique. 


