BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses
online. We also post the versions of the paper that were used during peer review. These are the
versions that the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited
or distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of
record of the manuscript is available on our site with no access controls, subscription charges or pay-
per-view fees (http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
editorial.bmjopen@bmj.com

“ybBuAdoa Aq paroslold 1sanb Aq 20z ‘0z [Mdy uo jwoo fwag uadolwa,/:dny wouy papeojumoq *2 102 Joquiaidas Tz uo $TZST0-9T02-uadolwa/oeTT 0T Se paysignd 1sii :uado NG


http://bmjopen.bmj.com/
mailto:editorial.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Household and familial resemblance in risk factors for type
2 diabetes and related cardio-metabolic diseases in rural

Uganda

Journal:

BMJ Open

Manuscript ID

bmjopen-2016-015214

Article Type:

Research

Date Submitted by the Author:

21-Nov-2016

Complete List of Authors:

Nielsen, Jannie ; University of Copenhagen, Global Health Section,
Department of Public Health

Bahendeka, Silver; St. Francis Hospital Nsambya,

Whyte, Susan; University of Copenhagen, Department of Anthropology
Meyrowitsch, Dan; University of Copenhagen, Global Health Section,
Department of Public Health

Bygbjerg, Ib; University of Copenhagen, Global Health Section,
Department of Public Health

Witte, Daniel; University of Aarhus, Department of Public Health; Danish
Diabetes Academy

<b>Primary Subject
Heading</b>:

Public health

Secondary Subject Heading:

Global health, Diabetes and endocrinology, Epidemiology

Keywords:

PUBLIC HEALTH, General diabetes < DIABETES & ENDOCRINOLOGY,
EPIDEMIOLOGY

\RONE”

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

“ybBuAdoa Aq paroalold 1sanb Aq 20z ‘0z [1Mdy uo jwoo fwag uadolwa,/:dny wouy papeojumoq */T0Z Joquiaidas Tz uo $TZST0-9T0Z-uadolwa/oeTT 0T Se paysignd 1sii :uado NG


http://bmjopen.bmj.com/

Page 1 of 21

©CoO~NOUITA,WNPE

BMJ Open

Household and familial resemblance in risk factors for type 2 diabetes and related cardio-

metabolic diseases in rural Uganda

Authors:

Jannie Nielsen' PhD

Silver K. Bahendeka” MD PhD
Susan R. Whyte®* PhD

Dan W. Meyrowitsch® PhD

Ib C. Bygbjerg" DSCiMed

Daniel R. Witte*®

'Global Health Section, Department of Public Health, University of Copenhagen, Denmark
2St. Francis Hospital Nsambya, Kampala, Uganda

3Department of Anthropology, University of Copenhagen, Denmark

“Department of Public Health, University of Aarhus, Denmark

>Danish Diabetes Academy, Odense, Denmark

Corresponding author: Dr. Jannie Nielsen, Oester Farimagsgade 5, Building 9, Mailbox 2099, 1014
Copenhagen K., Denmark. Telephone number: (+45) 35 32 69 79. E-mail address: Jannien@sund.ku.dk

Word count: 3068

1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘1ybLAdoo Ag paloalold 1sanb Ag 2oz ‘0z udy uo jwod’fwqg uadolwqy/:dny woiy papeojumoq ‘/T0Z laquwaldas Tz Uo #TZST0-9T0Z-uadolwag/9eTT 0T Se paysignd 1siy :uadQ CINg


http://bmjopen.bmj.com/

©CoOoO~NOUITA,WNPE

BMJ Open

ABSTRACT (269 words)
OBJECTIVES

Prevention of type 2 diabetes (T2D) has been successfully established in randomized clinical trials. However,
the best methods for the translation of this evidence into effective population-wide interventions remain
unclear. To assess whether households could be a target for T2D prevention and screening, we investigated
the resemblance of T2D risk factors at household level and by type of familial dyadic relationship in a rural
Ugandan community.

METHODS

This cross-sectional household based study included 437 individuals 213 years of age from 90 rural
households in south-western Uganda. Resemblance in HbAlc, anthropometry, blood pressure, fitness status
and sitting time were analysed using a general mixed model with random effects (by household or dyad) to
calculate household intraclass-correlation coefficients (ICC) and dyadic regression coefficients. Logistic
regression with household as a random effect was used to calculate the odd ratios (ORs) for individuals
having a condition or risk factor if another household member had the same condition.

RESULTS

The strongest degree of household member resemblances in T2D risk factors was seen in relation to fitness
status (ICC=0.24), HbA1lc (ICC=0.18), and systolic blood pressure (ICC=0.11). Regarding dyadic resemblance,
the highest standardised regression coefficient was seen in fitness status for spouses (0.54 95%Cl:0.32;0.76),
parent-offspring (0.41 95%Cl:0.28;0.54) and siblings (0.41 95%Cl:0.25;0.57). Overall, parent-offspring and
sibling pairs were the dyads with strongest resemblance, followed by spouses.

CONCLUSIONS

The marked degree of resemblance in T2D risk factors at household level and between spouses, parent-
offspring, and sibling dyads suggest that shared behavioural and environmental factors may influence risk
factor levels among cohabiting individuals, which point out the potential of the household setting for

screening and prevention of T2D.
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STRENGHT AND LIMITATIONS OF THIS STUDY

The household based approach visiting the families in the home setting resulted in a high individual
response rate (97.5%) and thus only minimal risk of selection bias in dyad representativeness.

The study included a comprehensive set of risk factor measurements and several types of dyadic
relationships, which enabled us to investigate resemblance in multiple risk factors for type 2 diabetes in
genetic and non-genetic relationships and across generations.

The cross-sectional design prevents us from concluding on whether the spousal resemblance was due to
shared risk behaviours or assortative mating, and for the genetic relationships we cannot distinguish
between shared genes and shared environment/behaviours.

The size of the intraclass-correlation coefficients should only be interpreted as a tool to investigate
which risk factors resemble most strongly at the household level in the present cohort, and should be

directly compared to other cohorts.
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INTRODUCTION

Globally the number of people with diabetes is increasing rapidly, and in Sub-Saharan African (SSA)
countries like Uganda the numbers will more than double within the next two decades.' The current state-
of-the-art for prevention of type 2 diabetes (T2D) in high-risk individuals, consisting of a healthy diet,
increased physical activity and weight loss, has been successfully established in randomized controlled trials
from both high-income? and middle-income countries.> However, the best methods for the translation of
clinical proof-of-concept evidence of prevention into low-cost effective and feasible population-wide
interventions remains unclear in high-income countries, and especially low- and middle-income countries.

In settings where daily life is focused around the family, households may present an opportunity to
target several individuals simultaneously. Most of the variation in the risk of T2D in high-income countries is
explained by lifestyle and behavioural factors, or by the interaction of lifestyle behaviours with genetic
factors,” and household members are likely to share lifestyle behaviours and to some extent genes. Shared
daily environment may partly explain the observed resemblance between household members such as
spouses in risk factors related to the development of T2D like obesity,®” exercise levels,®® raised blood

7;9;10

pressure”®® and smoking.*°

Further, spouses of a person with T2D have been shown to have higher fasting

112 and higher risk of developing T2D as compared to individuals with no spousal history of

plasma glucose
T2D."?" For familial relations that include a genetic relationship the degree of diabetes risk concordance®
and resemblance in obesity,”* glycaemic levels,” blood pressure levels'® and aerobic fitness status®’ are
consistently higher than for spouses or adoptees, likely due to a combination of genetic and shared
environmental effects.

In SSA a family or a household often consists of multiple members and types of relationships (dyads).
Yet, little is known about T2D risk factor resemblance among individuals sharing daily life in a low-income

country in epidemiological transition. Therefore, the ojective of this study was to investigate resemblance of

T2D risk factors at household level and by type of familial dyadic relationship in a rural Ugandan community.
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METHODS
Study design and setting

This cross-sectional study was part of a larger study examining households with and without a
member with previously diagnosed T2D.'® Data were collected between December 2012 and March 2013 in
Kasese District, Uganda. The area is mountainous and the majority of the inhabitants are peasants and live in
houses made of mud or unburned bricks with iron sheet roofs. Average household size is 5.3 individuals.™
One hundred households were approached and ninety agreed to participate. Reasons for non-participation
were lack of time. Of the 90 households, half included a person diagnosed with T2D, selected from diabetes
patient records at the nearby hospital diabetes clinic. Households without diagnosed T2D were selected
using a random sampling plan.'® To be included in the study, the household should consist of at least two
generations, have at least three individuals aged =13 years, and no member with diagnosed HIV/AIDS, type 1
diabetes, or active tuberculosis. Households were defined as people living together and sharing food on a
daily basis. All members aged 13 years or above, who had lived in the household for more than three months
prior to the visit by the survey team were invited to participate (response rate 97.5%). Details of sampling,
inclusion and exclusion criteria are described elsewhere.'®
Ethics

Prior to data collection, the households were visited, the overall aim of the project was verbally
explained and an information leaflet was handed out. On the day of data collection, verbal information
about the project was given again and the participants were given time to ask questions. Verbal and written
consent was obtained from all participants who still agreed to participate. For participants below 18 years of
age, a written consent from a caretaker was obtained from the caretaker. The study was approved by the
Uganda National Council of Science and Technology (ADM 154/212/01), Makerere University School of
Medicine Research & Ethics Committee (REC-REF 2012-183), St.Francis Hospital Nsambya, and Kagando

Hospital.
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Procedures

After the initial presentation of the study, a household profile was developed, detailing family
structure, members, dyads (relationship between every pair of members) and age. Dwelling elevation
(meters above sea-level, MSL) was measured using a Garmin Trex10 (Garmin, UK).
HbAlc (%) was measured using an Afinion AS100 Analyzer (Axis Shield PoC, Norway) and values were
converted to mmol/mol.”° Diabetes was defined as HbA1c>48 mmol/mol and HbA1c levels between 42-47
mmol/mol was defined as dysglycaemia.?’ Blood pressure was measured three times in sitting position after
at least 10 minutes of rest (Omron M6 HEM7211E, Kyoto, Japan). Hypertension was defined as a systolic
blood pressure>140 mm Hg, or a diastolic blood pressure290 mm Hg,** averaged over the last two blood
pressure readings. Body weight measured using a flat scale (model 876, SECA, UK) and height measured
using a portable stadiometer (Model 213, SECA UK) were used to calculate body mass index (BMI) as
weight(kg)/height(m)?. Underweight, normal weight, overweight and obesity were defined according to the
World Health Organization (WHO) classifications for adults®® and for adolescents aged from 13 to 19 years
according to WHO Child Growth Standards.?* For dyads where one member could be below 19 years of age
(parent-offspring, siblings and grandparent-grandchild) a Z-score of height-for-age was calculated and used
instead of height (cm) for both dyad members. The Z-score was calculated according to de Onis et al. (2007)
and individuals 219 years of age were handled as the oldest category in the standards WHO Child Growth
Reference.”

As a measure of aerobic fitness status, an eight-minute step test was conducted to estimate aerobic
capacity (maximal oxygen uptake, VO,-max [mlO,/min/kg body weight]) and managed according to the

1.7 Fifty individuals did not perform/complete at least four minutes of the step test. In

Cambridge Protoco
data analyses using fitness status as a continuous variable, these individuals were excluded, whereas in data

analyses where fitness status was used as a dichotomous variable, the 50 individuals were coded as unfit

with the exception of those who had recently given birth or had an acute illness (n=5).
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Household socio-economic status (SES), and individual educational level, age, sex, disease status and
smoking were assessed using questionnaires.'® Daily sitting time was assessed using a locally adapted
version of the International Physical Activity Questionnaire (IPAQ).%

Statistical analysis

The amount of resemblance in T2D risk factors in individuals living within the same household was
assessed calculating intraclass-correlation coefficients (ICC) with general mixed models with household as a
random effect, adjusting for sex, age, SES and household size.

Dyadic relationships were restricted to spouses, parent-offspring, grandparent-grandchild and sibling
dyads and analysed as distinguishable members based on sex for spousal dyads (husband dyad number one
and wife dyad number two), birth order for sibling dyads (oldest sibling dyad number 1) and age for parent-
offspring and grandparent-grandchild dyads (parent and grandparents as dyad number 1 respectively).”’” As
non-independence was assumed, a mixed model was used to analyse the dyadic resemblance between the
same risk factor in the two dyad members. Our primary analyses modelled the risk factors HbAlc, blood
pressure, height, BMI, fitness status and sitting time, separately, in dyad member 2 as a function of the same
risk factor in dyad member 1. Random effects were dyad member 1 (to account e.g. for a parent having
more than one child) or household (to account for more than one of the same type of dyad occurring per
household). For dyadic relationships regression coefficient estimates were reported with 95% confidence
intervals. Logistic regression with household as a random effect was used to calculate the odd ratio (OR) of
an individual having a condition if someone else in the household had the same condition. ORs are reported
with 95% confidence intervals. Explanatory variables were introduced sequentially: individual level (sex,
age); dyad level (age-difference between the dyad members); and household level (socio-economic status,
elevation of the dwelling, household size). Statistical significance was set as p<0.05.

For analyses including HbAlc, individuals with diagnosed T2D (n=45) were excluded and for analyses
including blood pressure measures individuals with diagnosed hypertension (n=32) were excluded. All

statistical analyses were performed using Stata 14.1 SE (StataCorp LP USA).
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RESULTS

From the 90 households we identified a total of 947 dyads of which 91 (9.6%) were spouses, 283
(29.8%) were parent-offspring dyads, 97 (10.2%) were grandparent-grandchild dyads and 148 (15.6%) were
sibling dyads. The remaining 330 dyads were primarily in-laws and uncle/aunt-nephew/niece dyads (not
included in this analysis). General characteristics and cardio-metabolic risk factors at household level and by
dyadic relationship are summarized in Table 1. In 84 (93.3%) households all meals were eaten within the

household. Median dwelling elevation was 1,177 meters above sea-level (MSL) (range 951-1,742 MSL).
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2
3
4
S Table 1. General characteristics and cardio-metabolic risk factors at household level and by dyadic relationships
6 (n) Households Dyads by type (n)
7 (90) Spouses (91) Parent-offspring (283) Grandparent-grandchild (97) Siblings (148)
8 Wives Husbands Parent (150) Offspring (164) Grandparent (64) Grandchild (64) Sisters Brothers
9 Members (n unique) (91) (89) Mothers Fathers Daughters Sons Grandmothers Grandfathers Granddaughters Grandsons (79) (71)
10 (88) (62) 81 (83) (41) (23) (25) (39)
Individuals in
5 (range 3-10)
household
11 N 38.7 51.0 56.1 53.7 60.4 21.3 19.7 67.5 68.4 16.8 16.8 21.5 19.0
12 Age (Years) [33.0;43.1]  [42.7;57.4] [49.6;67.4] [47.6;63.1] [52.6;68.4] [15.8;30.7] [16.0;26.7] [56.6;72.7] [60.5;74.7] [13.8;18.8]  [14.6;19.5] [15.4;39.6] [16.5;24.0]
13 ?f:;g;tﬁrence 46.0 [38.7:54.0] 6.1 [3.0:11.0] 32.6 [27.0;38.2] 50.2 [41.7;56.0] 4.8 [3.0:8.0]
12’ Diagnosed T2D n (%) 45 (50) 9 (9.9) 29 (32.6) 12 (13.6) 23 (37.1) 2 (2.5) 1(1.2) 8 (19.5) 6 (26.1) 0 (0) 0 (0) 3(3.8) 1(1.4)
Undiagnosed diabetes
16 ?r z;'ysglycaemia n 22 (24.4) 12(13.2) 5 (5.6) 11 (12.5) 4 (6.5) 5(6.2) 1(1.2) 6 (14.6) 2(8.7) 1 (4.0) 0 (0) 8 (10.1) 1(1.4)
%
17 )
18 a;?fe”r‘t’(:‘ﬁgion n (%) 28 (31.1) 10 (11.0) 14 (15.7) 12 (13.6) 10 (16.1) 0 (0) 0 (0) 12(29.3) 6 (26.1) 0 (0) 0 (0) 2 (2.5) 1(1.4)
:213 g;gfr@t’gr‘]’gf)i n (%) 67 (74.4) 16 (17.6) 23 (26.1) 17 (19.5) 20 (32.8) 3(3.7) 3 (3.6) 8 (19.5) 10 (45.5) 0 (0) 0 (0) 3 (3.9) 1(1.4)
21 HbA1c (mmol/mol)? 35.4 (3.2) 36.9(5.5) 35.8(5.9) 37.3(5.5) 36.4(6.5) 35.0(4.4) 34.6(5.7) 38.3(4.9) 38.0(8.7) 35.9 (3.0) 34.4 (3.8) (356_'30) 34.4 (4.2)
22 Systolic blood 128 134 139 137 151 118 124 152 164 117 125 120 122
23 pressure (mmHg)*? [123;137] [117;149] [127;164] [118;155] [132;170] [112;129] [117;131] [134;167] [153;192] [112;125] [114;131] [113;131] [117;130]
24 Er'gzg';g l(’:g‘erg)*3 78 [74;82] 80 [74;89] 84 [76;92] 84[79;91] 87[79;95] 75[71;81] 72[69;80] 86 [73;91] 91 [79;94] 73 [66;78] 73 [66;78] 75[70;81] 72 [66;78]
25 Height (cm) 155.2 (3.8) 152.4 (5.4) 161.3(5.3) 151.5(5.1) 160.6 (5.3) 153.5(6.6) 158.4(8.4) 150.4(5.2) 159.0 (4.5) 153.3 (6.7)  156.3 (10.1) 152.7 (6.2) 160.3 (7.7)
26 Short stature n (%)*° 78 (86.7) 30 (32.8) 49 (55.7) 33 (37.5) 38 (61.3) 19 (23.5) 45 (54.2) 22 (53.7) 15 (68.2) 3 (12.0) 20(52.3) 19(24.1) 35 (49.3)
27 ) 5 21.7 23.1 21.5 22.4 22.1 22.4 20.4 21.2 21.0 20.8 19.9 22.4 19.2
28 Body mass index* [20.7;23.2]  [21.0;25.3] [19.6;25.0] [19.7;24.6] [19.6;25.4] [20.2;24.4] [19.0;21.5] [18.3;24.7] [19.3;25.0] [18.6;23.7]  [18.3;21.2] [19.8;24.8] [19.2;21.6]
29 Underweight n (%) 27 (30.0) 9 (9.9) 8 (9.1) 13 (14.8) 6 (9.7) 5 (6.2) 2(2.4) 11 (26.8) 3 (13.6) 1 (4.0) 1(2.6) 4 (5.1) 1(1.4)
Overweight n (%) 52 (57.8) 25 (27.5) 24 (27.3) 19 (21.6) 20 (32.3) 19 (23.5) 5 (6.0) 10 (24.4) 6 (27.3) 4 (16.0) 0 21 (26.6) 2(2.8)
32 ﬂZ”f-anftoat/“;fnv/ﬁgz)'e 38.5 (4.7) 34.3 (6.8) 33.5(8.8) 32.0(6.7) 32.7(7.2) 37.3(6.6) 44.6(6.8) 29.1(6.8) 29.2 (6.0) 38.9 (5.9) 46.0 (4.6) (377'00) 44.8 (5.9)
: 2 .
32 Unfit n (% )’ 72 (80.0) 35 (40.2) 39 (44.3) 43 (49.4) 25 (41.0) 24 (29.6) 30 (36.1) 30 (75.0) 14 (63.6) 5 (20.0) 15(39.5) 26(32.9) 25(35.2)
- ) 275.4 208 274 231 283 261 240 274 257 274 240 257 238
33 Sitting per day (min)*  [555:310] [169;279] [189;351] [189;334] [197;373] [204;326] [189;369] [197;380] [189;343] [180;334] [159;360] [204;326] [180;354]
34 Smoking status n (%)
35 Never smoked 52 (57.8) 71 (78.0) 59 (66.3) 57 (64.8) 39 (62.9) 77 (95.1) 68 (81.9) 22 (53.7) 13 (56.5) 24 (96.0) 38(97.4) 70(88.6) 59 (83.1)
36 Former smoker 38 (42.2) 11 (12.1) 21 (23.6) 19 (21.6) 17 (27.4) 2 (2.5) 9 (10.8) 13 (31.7) 6 (26.1) 0 (0) 0 (0) 5(6.3) 6 (8.5)
37 Current smoker 21 (23.3) 9 (9.9) 9(10.1) 12 (13.6) 6 (9.7) 2 (2.5) 6(7.2) 6 (14.6) 4 (17.4) 1 (4.0) 1(2.6) 4(5.1) 6 (8.5)
Years of education* 5.3 (2.2) 2 [0;6] 6 [3;7] 2 [0;4) 5[1;7] 6 [5;10] 7 [5;10] 0[0;2] 51[1;6] 6 [5;7] 6 [4;8] 6[3:9] 7 [5;10]
38 Data are presented as mean (SD); *Median [p25;p75]]; 1: At household level age-difference is between the oldest and youngest individual in the household. 2: Individuals with diagnosed diabetes are
39 excluded; 3: Individuals with diagnosed hypertension are excluded. 4: Short stature is defined as age (months) z-score below -2SD or final height for males below 161.9cm and for females below 150.1cm 24;
40 5: missing value on 1 man; 6: 50 individuals did not complete the steptest. 7: Data missing on six individuals because of pregnancy, recent delivery, sickness, or technical error.
41
42
9
43
44
45
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Household resemblance in T2D risk factors

At household level ICCs showed statistically significant household member resemblance for four risk
factors; After adjustment for age and sex ICCs were statistically significant for fitness status (ICC=0.24,
p<0.001), HbAlc (ICC=0.18, p<0.001), BMI (ICC=0.08, p=0.010) and systolic blood pressure (ICC=0.11,
p=0.003), while only a tendency was observed for diastolic blood pressure (ICC=0.06, p=0.06). Additional
adjustment for SES, household size or dwelling elevation did not change the ICCs.
Dyad resemblance

Dyad resemblance in T2D risk factors is shown as regression coefficients adjusted for age-difference
and sex in Table 2. Sibling and parent-offspring dyads both had five statistically associated risk factors with
siblings being associated in measures of HbA1lc, systolic blood pressure, diastolic blood pressure, height and
fitness status and parent-offspring dyads in HbAlc, systolic blood pressure, height, fitness status and sitting
time. Spouses were statistically significantly associated in systolic blood pressure and fitness status while
grandparent-grandchild dyads were only associated with regard to diastolic blood pressure. None of the four
dyad types had a statically significant association for BMI.

Standardized regression coefficients are shown in Table 3. For spouses, parent-offspring and sibling

dyads the standardized regression coefficients were highest for fitness status.

Table 2. Dyad regression coefficients for type 2 diabetes risk factors (adjusted for
age-difference and sex)

Spouses Parent-offspring Grandparent-grandchild Siblings

(n) (91) (283) (97) (148)
. 0.18 0.16* 0.07 0.28*
HbA1c (%) [-0.09;0.45] [0.02;0.29] [-0.8;0.22] [0.13;0.44]
Systolic Blood 0.27%* 0.10%* 0.08 0.18%
Pressure (mmHg)?  [0.01;0.53] [0.04;0.16] [-0.02;0.19] [0.01;0.36]
Diastolic Blood 0.10 0.02 0.14% 0.16%
pressure (mmHg)? [-0.13;0.34] [-0.07;0.10] [0.02;0.27] [0.01;0.32]
. . 0.07 0.35% 0.10 0.26*
Height (cm or SD)* | 13,9 5¢) [0.19;0.52] [-0.17;0.38] [0.09;0.42]
Body mass index 0.19 0.02 -0.01 0.11
(kg/m?) [-0.04;0.42] [-0.07;0.12] [-0.14;0.13] [-0.06;0.29]
Fitness status 0.42% 0.46* -0.08 0.38%
(ml0>/min/kg)? [0.25;0.59] [0.31;0.60] [-0.37;0.20] [0.22;0.53]
Daily sitting time 0.09 0.15% 0.10 0.09
(minutes) [-0.05;0.24] [0.04;0.27] [-0.07;0.27] [-0.08;0.27]

Values are presented as regression coefficients [95% conf. interval]; Coefficients express the difference in each risk
factor in dyad member 2 per unit difference in that same risk factor in dyad member 1. *p<0.05; !Individuals with
diagnosed diabetes were excluded; ?Individuals with diagnosed hypertension were excluded; 3In 15% of the dyads,
one member did not complete the step test; *For spouses height (cm) is used while for parent-offspring,
grandparent-grandchild and siblings height-for-age is used and not adjusted for age-difference or sex.
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Table 3. Standardized regression coefficients for type 2 diabetes risk factors
(adjusted for age-difference and sex)

Spouses Parent-offspring Grandparent-grandchild Siblings
(91) (283) (97) (148)

. 0.19 0.21% 0.12 0.26%
HbA1c [-0.11;0.50] [0.02;0.40] [-0.13;0.37] [0.11;0.42]
Systolic Blood 0.28* 0.20* 0.22 0.20%
Pressure? [0.01;0.54] [0.08;0.33] [-0.06;0.50] [0.01;0.39]
Diastolic Blood 0.10 0.02 0.27* 0.20%*
pressure? [-0.14;0.35] [-0.11;0.15] [0.03;0.05] [0.01;0.39]

. 4 0.07 0.26* 0.08 0.26*
Height for age [-0.13;0.28] [0.14;0.37] [-0.13;0.31] [0.09:0.42]
Body mass 0.16 0.02 0.02 0.14
index [-0.04;0.37] [-0.11;0.16] [-0.20;0.24] [-0.03;0.31]

) 3 0.54% 0.41% -0.09 0.41%
VO2-max [0.32;0.76] [0.28;0.54] [-0.38; 0.21] [0.25;0.57]
Daily sitting 0.11 0.17* 0.11 0.09
time [-0.09;0.31] [0.04;0.32] [-0.09;0.32] [-0.10;0.27]

Values are presented as standardized regression coefficients [95% conf. interval]; *p<0.05

Concordance in risk factors

The results of the logistic regression models are shown in Table 4. At household level effect estimates
showed that if one member in the household had undiagnosed diabetes or dysglycaemia the OR of another
household member having the same status was increased almost 20 times. Having diagnosed hypertension
in the household increased the odds of another member having diagnosed or undiagnosed hypertension 2.6
times whereas undiagnosed hypertension increased the odds of diagnosed or undiagnosed hypertension in
another member 4.8 times. The ORs of being overweight or obese, underweight, unfit, smoker or former

smoker were all statistically significantly higher if another member of the household had the same status as

compared to if no one in the household had the same status (Table 4).

Table 4. Odd ratios of having a condition as a function of the disease or
risk factor status in other members of the same household (adjusted for
age, sex and household size)

Exposure (status Outcome Household level

Diagnosed diabetes Und/agnoseq diabetes or 0.8 [0.4; 2.0]
dysglycaemia

Undlagnoseq diabetes or Und/agnoseq diabetes or 19.8 [11.0; 35.5]*

dysglycaemia dysglycaemia

Diagnosed hypertension
Undiagnosed hypertension
Short stature

Overweight or obesity
Underweight

Unfit

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Diagnosed or undiagnosed
hypertension

Diagnosed or undiagnosed
hypertension

Short stature
Overweight or obesity
Underweight

unfit®
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2.6 [1.5; 4.5]*
4.8 [2.9; 8.0]*
10.9 [6.9; 17.01*
9.0 [6.1; 13.2]*
13.7 [7.1; 26.3]*

11.2 [7.4; 17.11*
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Smoker Smoker 33.7 [15.8; 71.8]*

Former smoker Former smoker 18.9 [9.4; 38.0]*

Values are presented as odd ratios [95% conf. interval]; *p<0.05; 'Individuals with diagnosed diabetes
were excluded; 2Individuals with diagnosed hypertension were excluded; 3In 15% of the dyads, one
member did not complete the step test; *Not adjusted for age-difference; *Unfit is defined as a fitness
level below middle derived from VO,-max and grouped according to Astrand (1960).%

DISCUSSION

The results of the present study indicate that individuals living in the same household in rural Uganda
share risk factors for T2D and cardio-metabolic diseases. We showed that in particular for systolic blood
pressure and fitness status the spousal association was at least as strong as the association between siblings
or parent-offspring pairs indicating an effect of shared lifestyle behaviours. For other cardio-metabolic risk
factors the resemblance was more prominent between siblings and parent-offspring dyads, whereas
grandparent-grandchild dyads were less alike.

To our knowledge this is the first study to investigate the resemblance of multiple cardio-metabolic
risk factors in household clusters including several generations living and eating together on a daily basis. A
German study of aerobic fitness found an ICC of 0.22 in fitness status in nuclear families, but no association
when restricting the analyses to spouses.” Our findings of dyad resemblance in HbAlc, blood pressure,

height and fitness status are in agreement with other epidemiological studies focusing on a single type of

15,16 29;30
d

dya or a single type of risk factor. We are not aware of studies from low-income countries
investigating household or dyad resemblance in risk factors for T2D.

Among the measured risk factors, fitness status had the highest ICC at household level and
standardised regression coefficient among spouse, parent-offspring and sibling dyads. The high resemblance
in fitness status is partly explained by the high heritability of VO,-max."” However, in contrast to the German
study®® we also found a high association in spousal fitness status suggesting that also shared physical activity
patterns may contribute to the high fitness status resemblance in our study population. In the Ugandan
situation most often a peasant’s wife is also a peasant and offspring help cultivating the family land. Shared

daily activities as the explanation for spousal resemblance in fitness status is supported by a French study

finding that spouses’ physical activity patterns were only similar during weekend days.*" In addition, for most
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of the study participants walking was the primary means of transportation, giving all individuals in the same
household the same walking distance and elevation differential when going to e.g. the nearest trading
centre. However, adjusting for elevation only gave a modest attenuation of the household ICC or the dyad
resemblance in fitness status.

In line with the results of a meta-analysis,*”> spouses resembled each other with regard to systolic
blood pressure. Contradicting other studies®** we did not find a statistically significant spousal association
for BMI, diastolic blood pressure or HbAlc. Discordance in ethnicity of spouses, low numbers of people living
in the household and higher SES have previously been shown to attenuate the spousal association in BMI.®
However, none of these factors were present or affected the absence of a spousal BMI association on our
study. Assortative mating and/or convergence over time are often used to explain spousal resemblance in
risk factors for T2D.%2** However, studies of assortative mating and risk factors for T2D are almost exclusively
from high-income settings,®** and preferences for choice of spouse may differ across geographical, social
and ethnic settings. For instance, overweight has traditionally been viewed as a desirable feature in SSA
settings®* whereas it is more stigmatizing in high-income settings.*® Further, until recently the prevalence of
obesity in SSA was low, and results from a Danish study showed a tendency to an increase in assorted
marriages between obese spouses along with the obesity epidemic®®

In contrast to other studies of genetically related individuals, we did not find a relationship in BMI for

14;36 15;30;37

parent-offspring or sibling dyads. Concerning parent-offspring, a study from the U.S including
children from 2-16 years of age suggested that pubertal children are less likely to resemble their parents in
BMI than pre-puberty children as children with age grow more independent from parents’ behaviours in
terms of eating and exercise,*® which could explain the lack of parent-offspring relationship in our study
where some of the parent-offspring dyads included adult offspring. However, stratifying parent-offspring
dyads into adolescents and adult offspring or above/below median age-difference did not change the lack of
statistical associations. In terms of siblings, another study found sibling dyads to resemble in BMI,* but that
the sibling BMI correlations were less pronounced during adolescence,*® decreased with increasing age
difference™ and was higher among home living adolescents than adult siblings living apart.’” The mean

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘1ybLAdoo Ag paloailold 1sanb Ag 2oz ‘0z udy uo jwod fwqg uadolwqy/:dny woiy papeojumoq ‘/T0Z laquwaldas Tz Uo #TZST0-9T0Z-uadolwag/9eTT 0T Se paysignd 1siy :uadQ CINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

sibling age difference (7 years) in our study was not markedly different from the mentioned studies, and the
siblings lived together. Thus these factors cannot entirely explain the lack of relationship. The last
relationship with a genetic component examined in the present study was grandparent-grandchild dyads.
Again no relationship was seen in BMI, which is supported by data from a Korean population,®® but in
contrast to a study from Belgium finding a direct association in obesity measures through three
generations.* Neither the Korean nor the Belgian study reported that grandparents and grandchildren lived
together, which they did in our study and could have increased the chance of resemblance in BMI. However,
Uganda is a country in transition both in terms of disease burden and nutrition. In addition the Ruwenzori
Mountain region was centre of civil strife with a civil war in 1962-1982 and again from 1996-2002, making it
likely that grandparents and grandchildren were exposed to very different intrauterine environments and
growing up conditions. This hypothesis is supported by the findings of a statistically significant height
increment between each of the three generations in our cohort (data not shown), which was not reported in
the study from Korea including three generations.® Potential unmeasured confounders for BMI may have
been unreported/undiagnosed infectious disease such as tuberculosis or HIV/AIDS; both have a fairly high
prevalence in the study setting®® and both affect body weight.

The high ORs in smoking status may partly be explained by a low overall smoking prevalence (7.6%).
Further, 63% of the smokers lived together with a least one other smoker. The high resemblance in smoking
status is supported by results of a studies finding a high spousal resemblance in smoking status® and that
both smoking and quitting of smoking spreads in social ties in social networks.*!

Strengths and limitations

One of the main strengths of this study is the household based approach visiting the families in the home
setting resulting in a high individual response rate (97.5%) and thus only minimal risk of selection bias in
dyad representativeness. The cross-sectional design prevents us from concluding on whether the spousal
resemblance was due to shared risk behaviours or assortative mating, and for the genetic relationships we
cannot distinguish between shared genes and shared environment/behaviours. The ICCs reflect the
proportion of variances, whereby the sizes of the ICCs cannot be compared to other cohorts or settings.
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Thus, the size of ICCs should only be interpreted as a tool to investigate which risk factors resemble most
strongly at the household level in the present cohort. Due to the initial sampling of this study population,
50% of the households had a member with diagnosed T2D. We have previously shown that having diagnosed
T2D in the household may have positive spill-over effects on the other members*® potentially due to changes
in diet and physical activity due to the diabetes status.*” This could explain the difference between
diagnosed T2D and unknown diabetes/dysglycaemia in the household as a risk factor for unknown
diabetes/dysglycaemia in other members of the household.
CONCLUSION

The moderate to strong correlations in T2D risk factors at household level and between spouses,
parent-offspring, and sibling dyads suggest that shared behavioural and environmental factors such as
physical activity may influence the risk factor level among cohabiting individuals. The marked degree of
household resemblance for certain T2D risk factors highlights the potential of the household setting for
screening and prevention of T2D. Thus, when one household member presents with elevated glucose, blood
pressure, or physical inactivity the entire household could benefit from lifestyle interventions.
Acknowledgement
We thank the people who opened their homes and took time to participate in this study, the field assistants
for collecting data and carrying equipment up the mountain slopes, and the Kagando Hospital staff members
for their hospitality and support. We also thank Dr. Adam Hulman, Department of Public Health, University
of Aarhus, for help with data management; and Soren Brage, University of Cambridge, for assistance with
step-test data.
Author contribution statement
Dr. Jannie Nielsen developed the study protocol; collected the data; performed the statistically analyses and
the interpretation of data; and drafted, revised and finalized the article.
Dr. Silver K. Bahendeka contributed to the protocol with substantially knowledge concerning diabetes in
Uganda and specifically in Kasese district; took part in the later stage and final interpretation of data, and,
participated in developing, revising and finalizing the manuscript.

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

")yBuAdod Aq parosrold 1sanb Ag 20z ‘0z |Hdy uo jwod fwg uadolwa//:dny woly papeojumoq "2T0Z Joquaides Tz Uo #TZST0-9T0Z-uadolwa/9eTT 0T se paysiignd isiy :uado riNg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Professor Susan R. Whyte contributed to the development of the study protocol; took part in the later stage
and final interpretation of data; and participated in developing, revising and finalizing the manuscript.
Associate Professor Dan W. Meyrowitsch contributed to the development of the study protocol; took part in
the later stage and final interpretation of data; and participated in developing, revising and finalizing the
manuscript.

Professor Ib C. Bygbjerg contributed to the development of the study protocol; took part in the later stage
and final interpretation of data; and participated in developing, revising and finalizing the manuscript.
Professor Daniel R. Witte performed the statistically analysis and the interpretation of data, participated in
developing, revising and finalizing the manuscript.

Competing interests

Dr. Nielsen’s PhD fellowship was partly funded by Novo Nordisk Fonden (grant no. 29847).

Funding

The study was sponsored by University of Copenhagen, Thorvald Madsens Fond, Aase and Ejnar Danielsens
Fond, and Christian and Otilia Brorsons Rejselegat. No sponsor had any influence on the study design; data
collection, analysis, or interpretation; or the writing of this article. The remaining authors have declared no
conflict of interest.

Data sharing statement

No additional data available.

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16wf 21

")yBuAdod Aq parosrold 1sanb Ag 20z ‘0z IHdy uo jwod fwg uadolway//:dny woly papeojumod */T0Z Joqueidas Tz Uo T2ST0-9T0Z-Uadolwa/oeTT 0T Se paysiignd 1siy :uado N


http://bmjopen.bmj.com/

Page 17 of 21

©CoO~NOUITA,WNPE

BMJ Open

REFERENCE LIST

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

IDF. IDF Diabetes Atlas Seventh Edition. 2015. International Diabetes Federation.
Ref Type: Report

Lindstrom J, llanne-Parikka P, Peltonen M et al. Sustained reduction in the incidence of type 2
diabetes by lifestyle intervention: follow-up of the Finnish Diabetes Prevention Study. Lancet
2006;368:1673-1679.

Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD, Vijay V. The Indian Diabetes
Prevention Programme shows that lifestyle modification and metformin prevent type 2 diabetes in
Asian Indian subjects with impaired glucose tolerance (IDPP-1). Diabetologia 2006;49:289-297.

Hu FB, Manson JE, Stampfer MJ et al. Diet, lifestyle, and the risk of type 2 diabetes mellitus in
women. N Engl J Med 2001;345:790-797.

Uusitupa MI, Stancakova A, Peltonen M et al. Impact of positive family history and genetic risk
variants on the incidence of diabetes: the Finnish Diabetes Prevention Study. Diabetes Care
2011;34:418-423.

Chen HJ, Liu Y, Wang Y. Socioeconomic and demographic factors for spousal resemblance in obesity
status and habitual physical activity in the United States. J Obes 2014;2014:703215.

Knuiman MW, Divitini ML, Bartholomew HC, Welborn TA. Spouse correlations in cardiovascular risk
factors and the effect of marriage duration. Am J Epidemiol 1996;143:48-53.

Ask H, Rognmo K, Torvik FA, Roysamb E, Tambs K. Non-random mating and convergence over time
for alcohol consumption, smoking, and exercise: the Nord-Trondelag Health Study. Behav Genet
2012;42:354-365.

Jurj AL, Wen W, Li HL et al. Spousal correlations for lifestyle factors and selected diseases in Chinese
couples. Ann Epidemiol 2006;16:285-291.

Hippisley-Cox J, Coupland C, Pringle M, Crown N, Hammersley V. Married couples' risk of same
disease: cross sectional study. BMJ 2002;325:636.

Barrett-Connor E, Suarez L. Spouse concordance for fasting plasma glucose in non-diabetics. Am J
Epidemiol 1982;116:475-481.

Khan A, Lasker SS, Chowdhury TA. Are spouses of patients with type 2 diabetes at increased risk of
developing diabetes? Diabetes Care 2003;26:710-712.

Hemminki K, Li X, Sundquist K, Sundquist J. Familial risks for type 2 diabetes in Sweden. Diabetes
Care 2010;33:293-297.

Ajslev TA, Angquist L, Silventoinen K, Baker JL, Sorensen TI. Stable intergenerational associations of
childhood overweight during the development of the obesity epidemic. Obesity (Silver Spring)
2015;23:1279-1287.

Feng Y, Zang T, Xu X, Xu X. Familial aggregation of metabolic syndrome and its components in a large
Chinese population. Obesity (Silver Spring) 2008;16:125-129.

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘ybLAdoo Ag paloalold 1sanb Ag 2oz ‘0z udy uo jwod’fwqg uadolwqy/:dny woiy papeojumoq ‘/T0Z loquwaldas Tz uo #TZST0-9T0Z-uadolwag/9eTT 0T Se paysignd 1siy :uadQ CING


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

BMJ Open

Chen W, Srinivasan SR, Bao W, Berenson GS. The magnitude of familial associations of cardiovascular
risk factor variables between parents and offspring are influenced by age: the Bogalusa Heart Study.
Ann Epidemiol 2001;11:522-528.

Bouchard C, Daw EW, Rice T et al. Familial resemblance for VO2max in the sedentary state: the
HERITAGE family study. Med Sci Sports Exerc 1998;30:252-258.

Nielsen J, Bahendeka SK, Gregg EW, Whyte SR, Bygbjerg IC, Meyrowitsch DW. A comparison of
cardiometabolic risk factors in households in rural Uganda with and without a resident with type 2
diabetes, 2012-2013. Prev Chronic Dis 2015;12:E44.

Renno DC, Twinamasiko J, Mugisa CP. Kasese District Poverty Profiling and Mapping 2011-2012.
2012. Kasese.
Ref Type: Report

International Federation of Clinical Chemistry. International Federation of Clinical Chemistry (IFCC).
Standardization of HbAlc. 2016. 12-10-2016.
Ref Type: Online Source

WHO. Use of Glycated Haemoglobin (HbA1lc) in the Diagnosis of Diabetes Mellitus. 2011.
Ref Type: Report

Chobanian AV, Bakris GL, Black HR et al. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA
2003;289:2560-2572.

WHO. Obesity: Preventing and managing the global epidemic. 2000. Geneva, World Health
Organization.
Ref Type: Report

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO growth
reference for school-aged children and adolescents. Bull World Health Organ 2007;85:660-667.

Brage S, Brage N, Franks PW, Ekelund U, Wareham NJ. Reliability and validity of the combined heart
rate and movement sensor Actiheart. Eur J Clin Nutr 2005;59:561-570.

Craig CL, Marshall AL, Sjostrom M et al. International physical activity questionnaire: 12-country
reliability and validity. Med Sci Sports Exerc 2003;35:1381-1395.

Kenny DA, Kashy DA, Cook WL. Dyadic Data Analysis. New York, N.Y: Guilford Press, 2006.

ASTRAND I. Aerobic work capacity in men and women with special reference to age. Acta Physiol
Scand Suppl 1960;49:1-92.

Foraita R, Brandes M, Gunther F, Bammann K, Pigeot |, Ahrens W. The influence of aerobic fitness on
obesity and its parent-offspring correlations in a cross-sectional study among German families. BMC
Public Health 2015;15:638.

Rebato E, Salces |, Saha R et al. Age trends of sibling resemblance for height, weight and BMI during
growth in a mixed longitudinal sample from Sarsuna-Barisha, India. Ann Hum Biol 2005;32:339-350.

Jacobi D, Caille A, Borys JM et al. Parent-offspring correlations in pedometer-assessed physical
activity. PLoS One 2011;6:e29195.

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18wf 21

")yBuAdod Aq parosrold 1sanb Ag 20z ‘0z IHdy uo jwod fwg uadolway//:dny woly papeojumod */T0Z Joqueidas Tz Uo T2ST0-9T0Z-Uadolwa/oeTT 0T Se paysiignd 1siy :uado N


http://bmjopen.bmj.com/

Page 19 of 21

©CoO~NOUITA,WNPE

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

BMJ Open

Di Castelnuovo A., Quacquaruccio G, Donati MB, de GG, lacoviello L. Spousal concordance for major
coronary risk factors: a systematic review and meta-analysis. Am J Epidemiol 2009;169:1-8.

Ajslev TA, Angquist L, Silventoinen K et al. Assortative marriages by body mass index have increased
simultaneously with the obesity epidemic. Front Genet 2012;3:125.

Whyte SR. The publics of the New Public Health: life conditions and 'lifestyle diseases' in Uganda. In:
Prince RJ, Marsland R, eds. Making and Unmaking Public Health in Africa: Ethnographic and
Historical Perspectives. Athens, OH: Ohio University Press; 2013;187-207.

Puhl RM, Heuer CA. Obesity stigma: important considerations for public health. Am J Public Health
2010;100:1019-1028.

Zhang Q, Lamichhane R, Chen HJ, Xue H, Wang Y. Does child-parent resemblance in body weight
status vary by sociodemographic factors in the USA? J Epidemiol Community Health 2014;68:1034-
1042.

Brown HW, Roberts J. Exploring the factors contributing to sibling correlations in BMI: a study using
the Panel Study of Income Dynamics. Obesity (Silver Spring) 2012;20:978-984.

Shin MN, Lee KH, Lee HS et al. Maternal and grandmaternal obesity and environmental factors as
determinants of daughter's obesity. Nutr Res Pract 2013;7:400-408.

Guillaume M, Lapidus L, Beckers F, Lambert A, Bjorntorp P. Familial trends of obesity through three
generations: the Belgian-Luxembourg child study. Int J Obes Relat Metab Disord 1995;19 Suppl 3:S5-
S9.

World Health Organization. Uganda: WHO statistical profile. World Health Organization . 2015.
Ref Type: Online Source

Christakis NA, Fowler JH. The collective dynamics of smoking in a large social network. N Engl J Med
2008;358:2249-2258.

Nielsen J, Bahendeka SK, Bygbjerg IC, Meyrowitsch DW, Whyte SR. Diabetes Treatment as
"Homework": Consequences for Household Knowledge and Health Practices in Rural Uganda. Health
Educ Behav 2016;43:100S-111S.

19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘ybLAdoo Ag paloalold 1sanb Ag 2oz ‘0z udy uo jwod’fwqg uadolwqy/:dny woiy papeojumoq ‘/T0Z loquwaldas Tz uo #TZST0-9T0Z-uadolwag/9eTT 0T Se paysignd 1siy :uadQ CING


http://bmjopen.bmj.com/

©CoO~NOUTA,WNPE

o
[Ny

U OO A DMBEMDIAMDIMBAEDIAEMDIMNDNMWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOUPRRWNRPOOO~NOOUOPRARWNPRPOOONOUPRARWNRPFPOOONOODURAWNRPOOO~NOOODMWN

BMJ Open
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Study: Household and familial resemblance in risk factors for type 2 diabetes and related

cardio-metabolic diseases in rural Uganda

Type of study: Cross-sectional

Item
No Recommendation Page
Title and 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 2
abstract (b) Provide in the abstract an informative and balanced summary of what was done 2
and what was found
Introduction
Background/ 2 Explain the scientific background and rationale for the investigation being reported 4
rationale
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 5
exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case
ascertainment and control selection. Give the rationale for the choice of cases and
controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of 5
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 7
modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 6
measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group
Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6
variables describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for confounding
methods (b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 9
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 8+9
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 9
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*¥  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures 10+11
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 10+11
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 9
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other 17 Report other analyses done—eg analyses of subgroups and interactions, and 11
analyses sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 12
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 14
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 13
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisabili 21 Discuss the generalisability (external validity) of the study results 14+15
ty
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 16

applicable, for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT
OBIJECTIVES

Prevention of type 2 diabetes (T2D) has been successfully established in randomized clinical trials. However,
the best methods for the translation of this evidence into effective population-wide interventions remain
unclear. To assess whether households could be a target for T2D prevention and screening, we investigated
the resemblance of T2D risk factors at household level and by type of familial dyadic relationship in a rural
Ugandan community.

METHODS

This cross-sectional household based study included 437 individuals 213 years of age from 90 rural
households in south-western Uganda. Resemblance in HbAlc, anthropometry, blood pressure, fitness status
and sitting time were analysed using a general mixed model with random effects (by household or dyad) to
calculate household intraclass-correlation coefficients (ICC) and dyadic regression coefficients. Logistic
regression with household as a random effect was used to calculate the odds ratios (ORs) for individuals
having a condition or risk factor if another household member had the same condition.

RESULTS

The strongest degree of household member resemblances in T2D risk factors was seen in relation to fitness
status (ICC=0.24), HbA1lc (ICC=0.18), and systolic blood pressure (ICC=0.11). Regarding dyadic resemblance,
the highest standardised regression coefficient was seen in fitness status for spouses (0.54 95%Cl:0.32;0.76),
parent-offspring (0.41 95%Cl:0.28;0.54) and siblings (0.41 95%Cl:0.25;0.57). Overall, parent-offspring and
sibling pairs were the dyads with strongest resemblance, followed by spouses.

CONCLUSIONS

The marked degree of resemblance in T2D risk factors at household level and between spouses, parent-
offspring, and sibling dyads suggest that shared behavioural and environmental factors may influence risk
factor levels among cohabiting individuals, which point to the potential of the household setting for

screening and prevention of T2D.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

The household-based approach, which involved visiting the families in the home setting, resulted in a
high individual response rate (97.5%) and thus only minimal risk of selection bias in dyad
representativeness.

The study included a comprehensive set of risk factor measurements and four types of dyadic
relationships, which enabled us to investigate resemblance in multiple risk factors for type 2 diabetes in
genetic and non-genetic relationships and across generations.

The cross-sectional design prevents us from concluding on whether the spousal resemblance was due to
shared risk behaviours or assortative mating, and for the genetic relationships we cannot distinguish
between shared genes and shared environment/behaviours.

The size of the intraclass-correlation coefficients should only be interpreted as a tool to investigate
which risk factors resemble most strongly at the household level in the present cohort, and should be

directly compared to other cohorts.
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INTRODUCTION

Globally, the number of people with diabetes is increasing rapidly, and in Sub-Saharan African (SSA)
countries like Uganda the numbers will more than double within the next two decades.[1] The majority (90-
95%) of all diabetes is type 2 diabetes (T2D)[1]. Prevention or postponement of the onset of T2D in high risk
individuals through a healthy diet, increased physical activity, and weight loss has been successfully
established in randomized clinical trials from both high-income[2,3] and middle-income countries[4,5].
However, it remains unclear as to the best methods for the translation of such clinical proof-of-concept
evidence into low-cost effective and feasible population-wide interventions, especially in low-income
countries, where access to diabetes diagnostics and treatment is often limited.[6,7]

In settings where daily life is focused around the family, households may present an opportunity to
target several individuals simultaneously. Most of the variation in the risk of T2D in high-income countries is
explained by lifestyle and behavioural factors, or by the interaction of lifestyle behaviours with genetic
factors,[8,9] and household members are likely to share lifestyle behaviours and to some extent genes.
Shared daily environment may partly explain the observed resemblance between household members such
as spouses in risk factors related to the development of T2D like obesity,[10,11] exercise levels,[12,13] raised
blood pressure[11,13,14] and smoking.[13,14] Further, spouses of a person with T2D have been shown to
have higher fasting plasma glucose[15,16] and higher risk of developing T2D as compared to individuals with
no spousal history of T2D.[16,17] For familial relations that include a genetic relationship the degree of
diabetes risk concordance[17] and resemblance in obesity,[18] glycaemic levels,[19] blood pressure
levels[20] and aerobic fitness status[21] are consistently higher than for spouses or adoptees, likely due to a
combination of genetic and shared environmental effects.

In SSA, a family or a household often consists of multiple members and types of relationships (dyads),
especially in rural areas. Yet little is known about T2D risk factor resemblance among individuals sharing
daily life in a low-income country in epidemiological transition. Therefore, the objective of this study was to
investigate resemblance of T2D risk factors at household level and by type of familial dyadic relationship in a
rural Ugandan community.
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METHODS
Study design and setting

This cross-sectional study was part of a larger study examining households with and without a
member with previously diagnosed T2D.[22] Data were collected between December 2012 and March 2013
in Kasese District, Uganda. The district is mountainous and agrarian, though substantial parts may not be
cultivated because they are National Forest, National Park or water bodies[23]. The majority of the
approximately 770,000 inhabitants (75.3%) live in rural areas[23] and around 80% is involved in crop
production, with small scale farming being the main occupation for the villagers. The main crops include
cassava, sweet potatoes, maize, and matoke (plantain), which are also the primary staple foods, and cash
crops like coffee[24]. The majority of people live in houses made of mud or sun-dried bricks with an iron
sheet roof, no electricity, and no piped water. Average household size is 5.3 individuals.[24] Kasese District
has three hospitals - one public general hospital (Bwera District Hospital) and two private-not-for-profit
hospitals. Diabetes and hypertension diagnostics and treatment are mainly available at hospital level and
only free of charge in public facilities.[6] In 2012, the health services were severely understaffed, with only
405 out of 933 positions filled.[23] The doctor-to-patient ratio was 1:43,037 and the nurse-to-patient ratio
was 1:12,662[23] as compared to the overall national ratios of 1:24,725 for doctor-to-patients and 1:11,000
for nurse-to-patients[25].

One hundred households were approached and ninety agreed to participate. Reasons for non-
participation were lack of time. Of the 90 households, half included a person diagnosed with T2D, selected
from diabetes patient records at the nearby hospital diabetes clinic. Households without diagnosed T2D
were selected using a random sampling plan.[22] To be included in the study, the household should consist
of at least two generations, have at least three individuals aged 213 years, and no member with diagnosed
HIV/AIDS, type 1 diabetes, or active tuberculosis. Households were defined as people living together and
sharing food on a daily basis. All members aged 13 years or above, who had lived in the household for more
than three months prior to the visit by the survey team were invited to participate (response rate 97.5%).
Details of sampling, inclusion and exclusion criteria are described elsewhere.[22]
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Ethics

Prior to data collection, the households were visited, the overall aim of the project was verbally
explained and an information leaflet was handed out. On the day of data collection, verbal information
about the project was given again and the participants were given time to ask questions. Verbal and written
consent was obtained from all participants who still agreed to participate. For participants below 18 years of
age, written consent was obtained from the caretaker. The study was approved by the Uganda National
Council of Science and Technology (ADM 154/212/01), Makerere University School of Medicine Research &
Ethics Committee (REC-REF 2012-183), St.Francis Hospital Nsambya, and Kagando Hospital.
Procedures

After the initial presentation of the study, a household profile was developed, detailing family
structure, members, dyads (relationship between every pair of members) and age. Dwelling elevation
(meters above sea-level) was measured using a Garmin Trex10 (Garmin, UK). HbAlc (%) was measured using
an Afinion AS100 Analyzer (Axis Shield PoC, Norway); values were presented as % and as converted to
mmol/mol.[26] Dysglycaemia was defined as HbA1c>42 mmol/mol (>6%).[27] Blood pressure was measured
three times in sitting position after at least 10 minutes of rest (Omron M6 HEM7211E, Kyoto, Japan).
Hypertension was defined as a systolic blood pressure2140 mm Hg, or a diastolic blood pressure290 mm
Hg,[28] averaged over the last two blood pressure readings. Body weight measured using a flat scale (model
876, SECA, UK) and height measured using a portable stadiometer (Model 213, SECA UK) were used to
calculate body mass index (BMI) as weight (kg)/height (m). Underweight, normal weight, overweight and
obesity were defined according to the World Health Organization (WHO) classifications for adults[29] and for
adolescents aged from 13 to 19 years according to WHO Child Growth Standards.[30] For dyads where one
member could be below 19 years of age (parent-offspring, siblings and grandparent-grandchild) a Z-score of
height-for-age was calculated and used instead of height (cm) for both dyad members. The Z-score was
calculated according to de Onis et al. (2007) and individuals 219 years of age were handled as the oldest

category in the WHO Child Growth Reference.[30]
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As a measure of aerobic fitness status, an eight-minute step test was conducted to estimate aerobic
capacity (maximal oxygen uptake, VO,-max [mlO,/min/kg body weight]) and managed according to the
Cambridge Protocol.[31] Fifty individuals did not perform/complete at least four minutes of the step test. In
data analyses using fitness status as a continuous variable, these individuals were excluded, whereas in data
analyses where fitness status was used as a dichotomous variable, the 50 individuals were coded as unfit
with the exception of those who had recently given birth or had an acute illness (n=5).

Household socio-economic status (SES), and individual educational level, age, sex, disease status and
smoking were assessed using questionnaires. Daily sitting time was assessed using a locally adapted version
of the International Physical Activity Questionnaire (IPAQ).[32]

Statistical analysis

The amount of resemblance in T2D risk factors in individuals living within the same household was
assessed calculating intraclass-correlation coefficients (ICC) with general mixed models with household as a
random effect, adjusting for sex, age, SES and household size.

Dyadic relationships were restricted to spouses, parent-offspring, grandparent-grandchild and sibling
dyads and analysed as distinguishable members based on sex for spousal dyads (husband dyad number one
and wife dyad number two), birth order for sibling dyads (oldest sibling dyad number 1) and age for parent-
offspring and grandparent-grandchild dyads (parent and grandparents as dyad number 1 respectively).[33]
As non-independence was assumed, a mixed model was used to analyse the dyadic resemblance between
the same risk factor in the two dyad members. Our primary analyses modelled the risk factors HbAlc, blood
pressure, height, BMI, fitness status and sitting time, separately, in dyad member 2 as a function of the same
risk factor in dyad member 1. Random effects were dyad member 1 (to account e.g. for a parent having
more than one child) or household (to account for more than one of the same type of dyad occurring per
household). For dyadic relationships, regression coefficient estimates were reported with 95% confidence
intervals. Logistic regression with household as a random effect was used to calculate the odds ratio (OR) of
an individual having a condition if someone else in the household had the same condition. ORs are reported
with 95% confidence intervals. Explanatory variables were introduced sequentially: individual level (sex,
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age); dyad level (age-difference between the dyad members); and household level (socio-economic status,
elevation of the dwelling, household size). Statistical significance was set as p<0.05.

For analyses including HbAlc, individuals with diagnosed T2D (n=45) were excluded and for analyses
including blood pressure measures, individuals with diagnosed hypertension (n=32) were excluded as
medication may have influenced these values. All statistical analyses were performed using Stata 14.1 SE
(StataCorp LP USA).

RESULTS

From the 90 households we identified a total of 947 dyads of which 91 (9.6%) were spouses, 283
(29.8%) were parent-offspring dyads, 97 (10.2%) were grandparent-grandchild dyads and 148 (15.6%) were
sibling dyads. The remaining 330 dyads were primarily in-laws and uncle/aunt-nephew/niece dyads (not
included in this analysis). General characteristics and cardio-metabolic risk factors at household level and by
dyadic relationship are summarized in Table 1. In 84 (93.3%) households, all meals were eaten within the
household. Median dwelling elevation was 1,177 meters above sea-level (range 951-1,742 MSL).

Household resemblance in T2D risk factors

At household level ICCs showed statistically significant household member resemblance for four risk
factors. After adjustment for age and sex, ICCs were statistically significant for fitness status (ICC=0.24,
p<0.001), HbAlc (ICC=0.18, p<0.001), BMI (ICC=0.08, p=0.010) and systolic blood pressure (ICC=0.11,
p=0.003), while only a tendency was observed for diastolic blood pressure (ICC=0.06, p=0.06). Additional
adjustment for SES, household size or dwelling elevation did not change the ICCs.

Dyad resemblance

Dyad resemblance in T2D risk factors is shown as regression coefficients adjusted for age-difference
and sex in Table 2. Sibling and parent-offspring dyads both had five statistically associated risk factors.
Siblings were associated in measures of HbAlc, systolic blood pressure, diastolic blood pressure, height and
fitness status, while parent-offspring dyads were associated with in HbAlc, systolic blood pressure, height,

fitness status and sitting time.
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1
2
3
4
S Table 1. General characteristics and cardio-metabolic risk factors at household level and by dyadic relationships
6 (n) Households Dyads by type (n)
7 (90) Spouses (91) Parents-offspring (283) Grandparents-grandchildren (97) Siblings (148)
8 Wives Husbands Parents (150) Offspring (164) Grandparents (64) Grandchildren (64) Sisters Brothers
9 Members (n unique) (91) (89) Mothers Fathers Daughters Sons Grandmothers Grandfathers Granddaughters Grandsons (79) (71)
(88) (62) 81 (83) (41) (23) (25) (39)
19 il s(rense 310)
38.7 51.0 56.1 53.7 60.4 21.3 19.7 67.5 68.4 16.8 16.8 21.5 19.0
12 Age (Years)* [33.0;43.1] [42.7;57.4] [49.6;67.4] [47.6;63.1] [52.6;68.4] [15.8;30.7] [16.0;26.7] [56.6;72.7] [60.5;74.7] [13.8;18.8] [14.6;19.5] [15.4;39.6] [16.5;24.0]
13 ?f:;g;tﬁrence 46.0 [38.7;54.0] 6.1[3.0;11.0] 32.6 [27.0;38.2] 50.2 [41.7;56.0] 4.8 [3.0;8.0]
14 Diagnosed T2D n (%) 45 (50) 9(9.9) 29 (32.6) 12 (13.6) 23 (37.1) 2 (2.5) 1(1.2) 8 (19.5) 6 (26.1) 0 (0) 0 (0) 3(3.8) 1(1.4)
15 Dysglycaemia, n (%) 22 (24.4) 12(13.2) 5 (5.6) 11 (12.5) 4 (6.5) 5(6.2) 1(1.2) 6 (14.6) 2 (8.7) 1(4.0) 0 (0) 8(10.1) 1(1.4)
i? a;?;?enric):ﬁgion n (%) 28 (31.1) 10 (11.0) 14 (15.7) 12 (13.6) 10 (16.1) 0 (0) 0 (0) 12 (29.3) 6 (26.1) 0 (0) 0 (0) 2 (2.5) 1(1.4)
18 g\’;gfﬁt’gr‘]’:zﬂ n (%) 67 (74.4) 16 (17.6)  23(26.1) 17(19.5) 20(32.8)  3(3.7) 3(3.6) 8(19.5) 10 (45.5) 0(0) 0(0) 3(3.9) 1.4
19 HbAlc (%) 5.4 (0.3) 5.5 (0.5) 5.4 (0.5) 5.6 (0.5) 5.5 (0.6) 5.4 (0.4) 5.3 (0.5) 5.7 (0.4) 5.6 (0.8) 5.4 (0.3) 5.3(0.3) 5.4(0.5) 5.3 (0.4)
20 (mmol/mol)? 35.4 (3.2) 36.9(5.5) 35.8(5.9) 37.3(5.5) 36.4(6.5) 35.0(4.4) 34.6(5.7) 38.3(4.9) 38.0(8.7) 35.9 (3.0) 34.4 (3.8) 36.0(5.3) 34.4(4.2)
21 Systolic blood 128 134 139 137 151 118 124 152 164 117 125 120 122
22 pressure (mmHg)*3 [123;137] [117;149] [127;164] [118;155] [132;170] [112;129] [117;131] [134;167] [153;192] [112;125] [114;131] [113;131] [117;130]
23 ;‘:z;‘;’g t(’:“:ﬁng)*s 78 [74;82] 80 [74;89] 84 [76;92] 84[79;91] 87([79;95] 75[71;81] 72[69;80] 86[73;91] 91 [79;94] 73 [66;78] 73 [66;78] 75[70;81] 72 [66;78]
24 Height (cm) 155.2 (3.8) 152.4 (5.4) 161.3(5.3) 151.5(5.1) 160.6(5.3) 153.5(6.6) 158.4(8.4) 150.4(5.2) 159.0 (4.5) 153.3 (6.7)  156.3 (10.1) 152.7 (6.2) 160.3 (7.7)
25 Short stature n (%)*° 78 (86.7) 30(32.8) 49(55.7) 33(37.5)  38(61.3) 19 (23.5)  45(54.2) 22 (53.7) 15 (68.2) 3 (12.0) 20(52.3) 19 (24.1) 35 (49.3)
26 Body mass index*> 21.7 23.1 21.5 22.4 22.1 22.4 20.4 21.2 21.0 20.8 19.9 22.4 19.2
Y [20.7;23.2] [21.0;25.3] [19.6;25.0] [19.7;24.6] [19.6;25.4] [20.2;24.4] [19.0;21.5] [18.3;24.7] [19.3;25.0] [18.6;23.7] [18.3;21.2] [19.8;24.8] [19.2;21.6]
27 Underweight n (%) 27 (30.0) 9(9.9) 8(9.1) 13 (14.8) 6(9.7) 5(6.2) 2 (2.4) 11 (26.8) 3(13.6) 1(4.0) 1(2.6) 4 (5.1) 1(1.4)
28 Overweight n (%) 52 (57.8) 25 (27.5) 24 (27.3) 19 (21.6) 20 (32.3) 19 (23.5) 5 (6.0) 10 (24.4) 6 (27.3) 4 (16.0) 0 21 (26.6) 2 (2.8)
gg ﬁlta"xesfnftoaf,”;.ﬂﬁgz)e 38.5 (4.7) 34.3(6.8) 33.5(8.8) 32.0(6.7) 32.7(7.2) 37.3(6.6) 44.6(6.8) 29.1(6.8) 29.2 (6.0) 38.9 (5.9) 46.0 (4.6) (377_'00) 44.8 (5.9)
31 Unfit n (% )7 72 (80.0) 35 (40.2) 39 (44.3) 43 (49.4) 25 (41.0) 24 (29.6) 30 (36.1) 30 (75.0) 14 (63.6) 5 (20.0) 15(39.5) 26 (32.9) 25 (35.2)
- ) 275.4 208 274 231 283 261 240 274 257 274 240 257 238
32 Sitting per day (min)*  [555.310] [169;279] [189;351] [189;334] [197;373] [204;326] [189;369] [197;380] [189;343] [180;334] [159;360] [204:326] [180;354]
33 Smoking status n (%)
34 Never smoked 52 (57.8) 71 (78.0) 59 (66.3) 57 (64.8) 39 (62.9) 77 (95.1) 68 (81.9)  22(53.7) 13 (56.5) 24 (96.0) 38(97.4) 70(88.6) 59 (83.1)
35 Former smoker 38 (42.2) 11 (12.1) 21 (23.6) 19 (21.6) 17 (27.4) 2 (2.5) 9 (10.8) 13 (31.7) 6 (26.1) 0 (0) 0 (0) 5(6.3) 6 (8.5)
Current smoker 21 (23.3) 9(9.9) 9(10.1) 12 (13.6) 6(9.7) 2 (2.5) 6(7.2) 6 (14.6) 4(17.4) 1(4.0) 1(2.6) 4 (5.1) 6 (8.5)
36 Years of education* 5.3 (2.2) 2[0;6] 6[3;7] 2 [0;4) 5[1;7] 6 [5;10] 7 [5;10] 0 [0;2] 5[1;6] 6 [5;7] 6 [4;8] 6 [3:9] 7 [5;10]
37 Data are presented as mean (SD). *Median [p25;p75]]. ‘At household level age-difference is between the oldest and youngest individual in the household. ?Individuals with diagnosed diabetes are excluded.
38 3Individuals with diagnosed hypertension are excluded. “Short stature is defined as age (months) z-score below -2SD or final height for males below 161.9cm and for females below 150.1cm [30]. *Missing
39 value on 1 man. 50 individuals did not complete the steptest. ’Data missing on six individuals because of pregnancy, recent delivery, sickness, or technical error.
40
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Table 2. Dyad regression coefficients for type 2 diabetes risk factors (adjusted for
age-difference and sex)

Spouses Parents- Grandparents- Siblings
(n) (91) offspring (283) grandchildren (97) (148)
1 0.18 0.16%* 0.07 0.28%*
HbA1c (%) [-0.09;0.45] [0.02;0.29] [-0.8;0.22] [0.13;0.44]
Systolic Blood 0.27%* 0.10%* 0.08 0.18%
Pressure (mmHg)? [0.01;0.53] [0.04;0.16] [-0.02;0.19] [0.01;0.36]
Diastolic Blood 0.10 0.02 0.14* 0.16%*
pressure (mmHg)2 [-0.13;0.34] [-0.07;0.10] [0.02;0.27] [0.01;0.32]
. a 0.07 0.35% 0.10 0.26%
Height (cm or SD)* | 3.5 5¢) [0.19:0.52] [-0.17;0.38] [0.09;0.42]
Body mass index 0.19 0.02 -0.01 0.11
(kg/m?) [-0.04;0.42] [-0.07;0.12] [-0.14;0.13] [-0.06;0.29]
Fitness status 0.42%* 0.46%* -0.08 0.38*
(ml0>/min/kg)?3 [0.25;0.59] [0.31;0.60] [-0.37;0.20] [0.22;0.53]
Daily sitting time 0.09 0.15% 0.10 0.09
(minutes) [-0.05;0.24] [0.04;0.27] [-0.07;0.27] [-0.08;0.27]

Values are presented as regression coefficients [95% conf. interval]. Coefficients express the difference in each risk
factor in dyad member 2 per unit difference in that same risk factor in dyad member one. *p<0.05. *Individuals
with diagnosed diabetes were excluded. ?Individuals with diagnosed hypertension were excluded. 3In 15% of the
dyads, one member did not complete the step test. “For spouses, height (cm) is used while for parents-offspring,
grandparents-grandchildren and siblings, height-for-age is used and not adjusted for age-difference or sex.

Spouses were statistically significantly associated in systolic blood pressure and fitness status, while
grandparent-grandchild dyads were only associated with regard to diastolic blood pressure. None of the four
dyad types had a statically significant association for BMI.

Standardized regression coefficients are shown in Table 3. For spouses, parent-offspring and sibling

dyads the standardized regression coefficients were highest for fitness status.

Table 3. Standardized regression coefficients for type 2 diabetes risk factors
(adjusted for age-difference and sex)

Spouses Parents- Grandparents- Siblings
(91) offspring (283) grandchildren (97) (148)

1 0.19 0.21% 0.12 0.26*
HbA1c [-0.11;0.50] [0.02;0.40] [-0.13;0.37] [0.11;0.42]
Systolic Blood 0.28* 0.20%* 0.22 0.20%
Pressure? [0.01;0.54] [0.08;0.33] [-0.06;0.50] [0.01;0.39]
Diastolic Blood 0.10 0.02 0.27* 0.20%
pressure? [-0.14;0.35] [-0.11;0.15] [0.03;0.05] [0.01;0.39]

. 4 0.07 0.26* 0.08 0.26*
Height for age [-0.13;0.28] [0.14:0.37] [-0.13;0.31] [0.09:0.42]
Body mass 0.16 0.02 0.02 0.14
index [-0.04;0.37] [-0.11;0.16] [-0.20;0.24] [-0.03;0.31]

. s 0.54% 0.41% -0.09 0.41%
VO2-max [0.32;0.76] [0.28;0.54] [-0.38; 0.21] [0.25;0.57]
Daily sitting 0.11 0.17* 0.11 0.09
time [-0.09;0.31] [0.04;0.32] [-0.09;0.32] [-0.10;0.27]

Values are presented as standardized regression coefficients [95% conf. interval]. *p<0.05
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Concordance in risk factors

The results of the logistic regression models are shown in Table 4. At household level, effect estimates
showed that if one member in the household had dysglycaemia, the OR of another household member
having the same status was increased almost 20 times. Having diagnosed hypertension in the household
increased the odds of another member having diagnosed or undiagnosed hypertension 2.6 times, whereas
undiagnosed hypertension increased the odds of diagnosed or undiagnosed hypertension in another
member 4.8 times. The ORs of being overweight or obese, underweight, unfit, smoker or former smoker
were all statistically significantly higher if another member of the household had the same status as

compared to if no one in the household had the same status (Table 4).

Table 4. Odds ratios of having a condition as a function of the disease or
risk factor status in other members of the same household (adjusted for
age, sex and household size)

Exposure (status Outcome Household level
Diagnosed diabetes Dysglycaemia 0.8 [0.4; 2.0]
Dysglycaemia Dysglycaemia 19.8 [11.0; 35.5]*

Diagnosed or undiagnosed

. . . 3
Diagnosed hypertension hypertension 2.6 [1.5; 4.5]
Undiagnosed hypertension biag nosec{ or undiagnosed 4.8 [2.9; 8.0]*
hypertension

Short stature Short stature 10.9 [6.9; 17.0]*
Overweight or obesity Overweight or obesity 9.0 [6.1; 13.2]*
Underweight Underweight 13.7 [7.1; 26.3]*
Unfit unfit® 11.2[7.4; 17.1]*
Smoker Smoker 33.7 [15.8; 71.8]*
Former smoker Former smoker 18.9 [9.4; 38.0]*

Values are presented as odds ratios [95% conf. interval]. *p<0.05. *Individuals with diagnosed diabetes
were excluded. 2Individuals with diagnosed hypertension were excluded. 3In 15% of the dyads, one
member did not complete the step test. “Not adjusted for age-difference. *Unfit is defined as a fitness
level below middle derived from VO,-max and grouped according to Astrand (1960).[34]

DISCUSSION

The results of the present study indicate that individuals living in the same household in rural Uganda
share risk factors for T2D and cardio-metabolic diseases. We showed that, in particular for systolic blood
pressure and fitness status, the spousal association was at least as strong as the association between siblings

or parent-offspring pairs, indicating an effect of shared lifestyle behaviours. For other cardio-metabolic risk
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factors the resemblance was more prominent between siblings and parent-offspring dyads, whereas
grandparent-grandchild dyads were less alike.

To our knowledge this is the first study to investigate the resemblance of multiple cardio-metabolic
risk factors in household clusters including several generations living and eating together on a daily basis. A
German study of aerobic fitness found an ICC of 0.22 in fitness status in nuclear families, but no association
when restricting the analyses to spouses.[35] Our findings of dyad resemblance in HbAlc, blood pressure,
height and fitness status are in agreement with other epidemiological studies focusing on a single type of
dyad[19, 20] or a single type of risk factor.[35,36] We are not aware of studies from low-income countries
investigating household or dyad resemblance in risk factors for T2D.

Among the measured risk factors, fitness status had the highest ICC at household level and
standardised regression coefficient among spouse, parent-offspring and sibling dyads. The high resemblance
in fitness status is partly explained by the high heritability of VO,-max.[21] However, in contrast to the
German study[35] we also found a high association in spousal fitness status suggesting that also shared
physical activity patterns may contribute to the high fitness status resemblance in our study population. In
the Ugandan situation, a peasant’s wife is most often also a peasant, and offspring help cultivating the family
land. Shared daily activities as the explanation for spousal resemblance in fitness status is supported by a
French study finding that spouses’ physical activity patterns were only similar during weekend days.[37] In
addition, walking was the primary means of transportation for most of the study participants, giving all
individuals in the same household the same walking distance and elevation differential when e.g. going to
the nearest trading centre. However, adjusting for elevation gave only a modest attenuation of the
household ICC or the dyad resemblance in fitness status.

In line with the results of a meta-analysis,[38] spouses resembled each other with regard to systolic
blood pressure. Contradicting other studies[10,38] we did not find a statistically significant spousal
association for BMI, diastolic blood pressure or HbAlc. Discordance in ethnicity of spouses, low numbers of
people living in the household and higher SES have previously been shown to attenuate the spousal
association in BMI.[10] However, none of these factors were present or affected the absence of a spousal
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BMI association on our study. Assortative mating and/or convergence over time are often used to explain
spousal resemblance in risk factors for T2D.[12,39] However, studies of assortative mating and risk factors
for T2D are almost exclusively from high-income settings, and preferences for choice of spouse may differ
across geographical, social and ethnic settings. For instance, overweight has traditionally been viewed as a
desirable feature in SSA settings[40] whereas it is more stigmatizing in high-income settings.[41] Further,
until recently the prevalence of obesity in SSA was low, and results from a Danish study showed a tendency
to an increase in assorted marriages between obese spouses along with the obesity epidemic.[39]

In contrast to other studies of genetically related individuals, we did not find a relationship in BMI for
parent-offspring[18,42] or sibling dyads.[19,36,43] Concerning parent-offspring, a study from the U.S
including children from 2-16 years of age suggested that pubertal children are less likely to resemble their
parents in BMI than pre-puberty children, as they grow more independent of parents’ eating and exercise
behaviours.[42] This could explain the lack of parent-offspring relationship in our study where some of the
parent-offspring dyads included adult offspring. However, stratifying parent-offspring dyads into adolescents
and adult offspring or above/below median age-difference did not change the lack of statistical associations.
In terms of siblings, other studies found that sibling dyads resembled in BMI,[19] but that the sibling BMI
correlations were less pronounced during adolescence,[36] decreased with increasing age difference[19] and
were higher among home living adolescents than adult siblings living apart.[43] The mean sibling age
difference (7 years) in our study was not markedly different from the mentioned studies, and the siblings
lived together. Thus, these factors cannot entirely explain the lack of relationship.

The last relationship with a genetic component examined in the present study was grandparent-
grandchild dyads. Again no relationship was seen in BMI, which is supported by data from a Korean
population,[44] but in contrast to a study from Belgium finding a direct association in obesity measures
through three generations.[45] Neither the Korean nor the Belgian study reported that grandparents and
grandchildren lived together, which they did in our study and could have increased the chance of
resemblance in BMI. However, Uganda is a country in transition in terms of both disease burden and
nutrition. In addition, the Ruwenzori Mountain region in Kasese district was the centre of civil strife with a
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civil war in 1962-1982 and again from 1996-2002, making it likely that grandparents and grandchildren were
exposed to very different intrauterine environments and growth conditions. This hypothesis is supported by
the findings of a statistically significant height increment between each of the three generations in our
cohort (data not shown), which was not reported in the study from Korea including three generations.[44]
Potential unmeasured confounders for BMI may have been unreported/undiagnosed infectious disease such
as tuberculosis or HIV/AIDS; both have a fairly high prevalence in the study setting[46] and both affect body
weight.

The high ORs in smoking status may partly be explained by a low overall smoking prevalence (7.6%).
Further, 63% of the smokers lived together with at least one other smoker. The high resemblance in smoking
status is supported by results of studies finding a high spousal resemblance in smoking status[12] and that
both smoking and quitting smoking spread in social ties in social networks.[47]

Strengths and limitations

One of the main strengths of this study is the household-based approach. Visiting the families in the
home setting resulted in a high individual response rate (97.5%) and thus only minimal risk of selection bias
in dyad representativeness. The cross-sectional design prevents us from concluding on whether the spousal
resemblance was due to shared risk behaviours or assortative mating, and for the genetic relationships, we
cannot distinguish between shared genes and shared environment/behaviours. The ICCs reflect the
proportion of variances, whereby the sizes of the ICCs cannot be compared to other cohorts or settings.
Thus, the size of ICCs should only be interpreted as a tool to investigate which risk factors resemble most
strongly at the household level in the present cohort. The application of HbAlc as a diagnostic tool in African
populations is debated [48]. However, in the present study, HbAlc was used to investigate resemblance in
dyad members and not to diagnose diabetes. Due to the initial sampling of this study population, 50% of the
households had a member with diagnosed T2D. We have previously shown that having diagnosed T2D in the
household may have positive spill-over effects on the other members[22] potentially due to changes in diet
and physical activity due to the diabetes status.[49] This could explain the difference between diagnosed
T2D and dysglycaemia in the household as a risk factor for dysglycaemia in other members of the household.
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CONCLUSION

The moderate to strong correlations in T2D risk factors at household level and between spouses,
parent-offspring, and sibling dyads suggest that shared behavioural and environmental factors such as
physical activity may influence the risk factor level among cohabiting individuals. The marked degree of
household resemblance for certain T2D risk factors highlights the potential of the household setting for
screening and prevention of T2D. Thus when one household member presents with elevated glucose, blood
pressure, or physical inactivity, the entire household could benefit from lifestyle interventions.
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ABSTRACT
OBIJECTIVES

Prevention of type 2 diabetes (T2D) has been successfully established in randomized clinical trials. However,
the best methods for the translation of this evidence into effective population-wide interventions remain
unclear. To assess whether households could be a target for T2D prevention and screening, we investigated
the resemblance of T2D risk factors at household level and by type of familial dyadic relationship in a rural
Ugandan community.

METHODS

This cross-sectional household based study included 437 individuals 213 years of age from 90 rural
households in south-western Uganda. Resemblance in HbAlc, anthropometry, blood pressure, fitness status
and sitting time were analysed using a general mixed model with random effects (by household or dyad) to
calculate household intraclass-correlation coefficients (ICC) and dyadic regression coefficients. Logistic
regression with household as a random effect was used to calculate the odds ratios (ORs) for individuals
having a condition or risk factor if another household member had the same condition.

RESULTS

The strongest degree of household member resemblances in T2D risk factors was seen in relation to fitness
status (ICC=0.24), HbA1lc (ICC=0.18), and systolic blood pressure (ICC=0.11). Regarding dyadic resemblance,
the highest standardised regression coefficient was seen in fitness status for spouses (0.54 95%Cl:0.32;0.76),
parent-offspring (0.41 95%Cl:0.28;0.54) and siblings (0.41 95%Cl:0.25;0.57). Overall, parent-offspring and
sibling pairs were the dyads with strongest resemblance, followed by spouses.

CONCLUSIONS

The marked degree of resemblance in T2D risk factors at household level and between spouses, parent-
offspring, and sibling dyads suggest that shared behavioural and environmental factors may influence risk
factor levels among cohabiting individuals, which point to the potential of the household setting for

screening and prevention of T2D.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

The household-based approach, which involved visiting the families in the home setting, resulted in a
high individual response rate (97.5%) and thus only minimal risk of selection bias in dyad
representativeness.

The study included a comprehensive set of risk factor measurements and four types of dyadic
relationships, which enabled us to investigate resemblance in multiple risk factors for type 2 diabetes in
genetic and non-genetic relationships and across generations.

The cross-sectional design prevents us from concluding on whether the spousal resemblance was due to
shared risk behaviours or assortative mating, and for the genetic relationships we cannot distinguish
between shared genes and shared environment/behaviours.

The size of the intraclass-correlation coefficients should only be interpreted as a tool to investigate
which risk factors resemble most strongly at the household level in the present cohort, and should be

directly compared to other cohorts.
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INTRODUCTION

Globally, the number of people with diabetes is increasing rapidly, and in Sub-Saharan African (SSA)
countries like Uganda the numbers will more than double within the next two decades.[1] The majority (90-
95%) of all diabetes is type 2 diabetes (T2D)[1]. Prevention or postponement of the onset of T2D in high risk
individuals through a healthy diet, increased physical activity, and weight loss has been successfully
established in randomized clinical trials from both high-income[2,3] and middle-income countries[4,5].
However, it remains unclear as to the best methods for the translation of such clinical proof-of-concept
evidence into low-cost effective and feasible population-wide interventions, especially in low-income
countries, where access to diabetes diagnostics and treatment is often limited.[6,7]

In settings where daily life is focused around the family, households may present an opportunity to
target several individuals simultaneously. Most of the variation in the risk of T2D in high-income countries is
explained by lifestyle and behavioural factors, or by the interaction of lifestyle behaviours with genetic
factors,[8,9] and household members are likely to share lifestyle behaviours and to some extent genes.
Shared daily environment may partly explain the observed resemblance between household members such
as spouses in risk factors related to the development of T2D like obesity,[10,11] exercise levels,[12,13] raised
blood pressure[11,13,14] and smoking.[13,14] Further, spouses of a person with T2D have been shown to
have higher fasting plasma glucose[15,16] and higher risk of developing T2D as compared to individuals with
no spousal history of T2D.[16,17] For familial relations that include a genetic relationship the degree of
diabetes risk concordance[17] and resemblance in obesity,[18] glycaemic levels,[19] blood pressure
levels[20] and aerobic fitness status[21] are consistently higher than for spouses or adoptees, likely due to a
combination of genetic and shared environmental effects.

In SSA, the number of people with diabetes is increasing in both urban and rural areas. However,
especially in the rural areas is access to diabetes diagnostics and treatment very restricted[6,7]. Thus, novel
approaches to low-cost diabetes prevention in such settings is highly needed. In SSA, a family or a household
often consists of multiple members and types of relationships (dyads), especially in rural areas. Yet little is
known about T2D risk factor resemblance among individuals sharing daily life in a low-income country in
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epidemiological transition. Therefore, the objective of this study was to investigate resemblance of T2D risk
factors at household level and by type of familial dyadic relationship in a rural Ugandan community.
METHODS

Study design and setting

This cross-sectional study was part of a larger study examining households with and without a
member with previously diagnosed T2D.[22] Data were collected between December 2012 and March 2013
in Kasese District, Uganda. The district is mountainous and agrarian, though substantial parts may not be
cultivated because they are National Forest, National Park or water bodies[23]. The majority of the
approximately 770,000 inhabitants (75.3%) live in rural areas[23] and around 80% is involved in crop
production, with small scale farming being the main occupation for the villagers. The main crops include
cassava, sweet potatoes, maize, and matoke (plantain), which are also the primary staple foods, and cash
crops like coffee[24]. The majority of people live in houses made of mud or sun-dried bricks with an iron
sheet roof, no electricity, and no piped water. Average household size is 5.3 individuals.[24] Kasese District
has three hospitals - one public general hospital (Bwera District Hospital) and two private-not-for-profit
hospitals. Diabetes and hypertension diagnostics and treatment are mainly available at hospital level and
only free of charge in public facilities.[6] In 2012, the health services were severely understaffed, with only
405 out of 933 positions filled.[23] The doctor-to-patient ratio was 1:43,037 and the nurse-to-patient ratio
was 1:12,662[23] as compared to the overall national ratios of 1:24,725 for doctor-to-patients and 1:11,000
for nurse-to-patients[25].

One hundred households were approached and ninety agreed to participate. Reasons for non-
participation were lack of time. Of the 90 households, half included a person diagnosed with T2D, selected
from diabetes patient records at the nearby hospital diabetes clinic. Households without diagnosed T2D
were selected using a random sampling plan.[22] To be included in the study, the household should consist
of at least two generations, have at least three individuals aged 213 years, and no member with diagnosed
HIV/AIDS, type 1 diabetes, or active tuberculosis. Households were defined as people living together and
sharing food on a daily basis. All members aged 13 years or above, who had lived in the household for more
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than three months prior to the visit by the survey team were invited to participate (response rate 97.5%).
Details of sampling, inclusion and exclusion criteria are described elsewhere.[22]
Ethics

Prior to data collection, the households were visited, the overall aim of the project was verbally
explained and an information leaflet was handed out. On the day of data collection, verbal information
about the project was given again and the participants were given time to ask questions. Verbal and written
consent was obtained from all participants who still agreed to participate. For participants below 18 years of
age, written consent was obtained from the caretaker. The study was approved by the Uganda National
Council of Science and Technology (ADM 154/212/01), Makerere University School of Medicine Research &
Ethics Committee (REC-REF 2012-183), St.Francis Hospital Nsambya, and Kagando Hospital.
Procedures

After the initial presentation of the study, a household profile was developed, detailing family
structure, members, dyads (relationship between every pair of members) and age. Dwelling elevation
(meters above sea-level) was measured using a Garmin Trex10 (Garmin, UK). HbAlc (%) was measured using
an Afinion AS100 Analyzer (Axis Shield PoC, Norway); values were presented as % and as converted to
mmol/mol.[26] Dysglycaemia was defined as HbA1c=42 mmol/mol (26%).[27] Blood pressure was measured
three times in sitting position after at least 10 minutes of rest (Omron M6 HEM7211E, Kyoto, Japan).
Hypertension was defined as a systolic blood pressure2140 mm Hg, or a diastolic blood pressure290 mm
Hg,[28] averaged over the last two blood pressure readings. Body weight measured using a flat scale (model
876, SECA, UK) and height measured using a portable stadiometer (Model 213, SECA UK) were used to
calculate body mass index (BMI) as weight (kg)/height (m). Underweight, normal weight, overweight and
obesity were defined according to the World Health Organization (WHO) classifications for adults[29] and for
adolescents aged from 13 to 19 years according to WHO Child Growth Standards.[30] For dyads where one
member could be below 19 years of age (parent-offspring, siblings and grandparent-grandchild) a Z-score of

height-for-age was calculated and used instead of height (cm) for both dyad members. The Z-score was
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calculated according to de Onis et al. (2007) and individuals 219 years of age were handled as the oldest
category in the WHO Child Growth Reference.[30]

As a measure of aerobic fitness status, an eight-minute step test was conducted to estimate aerobic
capacity (maximal oxygen uptake, VO,-max [mlO,/min/kg body weight]) and managed according to the
Cambridge Protocol.[31] Fifty individuals did not perform/complete at least four minutes of the step test. In
data analyses using fitness status as a continuous variable, these individuals were excluded, whereas in data
analyses where fitness status was used as a dichotomous variable, the 50 individuals were coded as unfit
with the exception of those who had recently given birth or had an acute illness (n=5).

Household socio-economic status (SES), and individual educational level, age, sex, disease status and
smoking were assessed using questionnaires. Daily sitting time was assessed using a locally adapted version
of the International Physical Activity Questionnaire (IPAQ).[32]

Statistical analysis

The amount of resemblance in T2D risk factors in individuals living within the same household was
assessed calculating intraclass-correlation coefficients (ICC) with general mixed models with household as a
random effect, adjusting for sex, age, SES and household size.

Dyadic relationships were restricted to spouses, parent-offspring, grandparent-grandchild and sibling
dyads and analysed as distinguishable members based on sex for spousal dyads (husband dyad number one
and wife dyad number two), birth order for sibling dyads (oldest sibling dyad number 1) and age for parent-
offspring and grandparent-grandchild dyads (parent and grandparents as dyad number 1 respectively).[33]
As non-independence was assumed, a mixed model was used to analyse the dyadic resemblance between
the same risk factor in the two dyad members. Our primary analyses modelled the risk factors HbA1lc, blood
pressure, height, BMI, fitness status and sitting time, separately, in dyad member 2 as a function of the same
risk factor in dyad member 1. Random effects were dyad member 1 (to account e.g. for a parent having
more than one child) or household (to account for more than one of the same type of dyad occurring per
household). For dyadic relationships, regression coefficient estimates were reported with 95% confidence
intervals. Logistic regression with household as a random effect was used to calculate the odds ratio (OR) of
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an individual having a condition if someone else in the household had the same condition. ORs are reported
with 95% confidence intervals. Explanatory variables were introduced sequentially: individual level (sex,
age); dyad level (age-difference between the dyad members); and household level (socio-economic status,
elevation of the dwelling, household size). Statistical significance was set as p<0.05.

For analyses including HbAlc, individuals with diagnosed T2D (n=45) were excluded and for analyses
including blood pressure measures, individuals with diagnosed hypertension (n=32) were excluded as
medication may have influenced these values. All statistical analyses were performed using Stata 14.1 SE
(StataCorp LP USA).

RESULTS

From the 90 households we identified a total of 947 dyads of which 91 (9.6%) were spouses, 283
(29.8%) were parent-offspring dyads, 97 (10.2%) were grandparent-grandchild dyads and 148 (15.6%) were
sibling dyads. The remaining 330 dyads were primarily in-laws and uncle/aunt-nephew/niece dyads (not
included in this analysis). General characteristics and cardio-metabolic risk factors at household level and by
dyadic relationship are summarized in Table 1. In 84 (93.3%) households, all meals were eaten within the
household. Median dwelling elevation was 1,177 meters above sea-level (range 951-1,742 MSL).

Household resemblance in T2D risk factors

At household level ICCs showed statistically significant household member resemblance for four risk
factors. After adjustment for age and sex, ICCs were statistically significant for fitness status (ICC=0.24,
p<0.001), HbAlc (ICC=0.18, p<0.001), BMI (ICC=0.08, p=0.010) and systolic blood pressure (ICC=0.11,
p=0.003), while only a tendency was observed for diastolic blood pressure (ICC=0.06, p=0.06). Additional
adjustment for SES, household size or dwelling elevation did not change the ICCs.

Dyad resemblance

Dyad resemblance in T2D risk factors is shown as regression coefficients adjusted for age-difference
and sex in Table 2. Sibling and parent-offspring dyads both had five statistically associated risk factors.

Siblings were associated in measures of HbAlc, systolic blood pressure, diastolic blood pressure,
height
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Table 1. General characteristics and cardio-metabolic risk factors at household level and by dyadic relationships

(n)

Households
(90)

Dyads by type (n)?!

Spouses (91)

Parents-offspring (283)

Grandparents-grandchildren (97)

Siblings (148)

Wives Husbands Parents (150) Offspring (164) Grandparents (64) Grandchildren (64) Sisters Brothers
Members (n unique) (91) (89) Mothers Fathers Daughters Sons Grandmothers Grandfathers Granddaughters Grandsons (79) (71)
(88) (62) 81 (83) (41) (23) (25) (39)
Individuals in _
household 5 (range 3-10)
N 38.7 51.0 56.1 53.7 60.4 21.3 19.7 67.5 68.4 16.8 16.8 21.5 19.0
Age (Years) [33.0;43.1] [42.7;57.4] [49.6;67.4] [47.6;63.1] [52.6;68.4] [15.8;30.7] [16.0;26.7] [56.6;72.7] [60.5;74.7] [13.8;18.8]  [14.6;19.5] [15.4;39.6] [16.5;24.0]
?f:gf;;tirence 46.0 [38.7;54.0] 6.1 [3.0;11.0] 32.6 [27.0;38.2] 50.2 [41.7;56.0] 4.8 [3.0;8.0]
Diagnosed T2D n (%) 45 (50) 9 (9.9) 29 (32.6) 12 (13.6) 23 (37.1) 2 (2.5) 1(1.2) 8 (19.5) 6 (26.1) 0 (0) 0 (0) 3(3.8) 1(1.4)
Dysglycaemia, n (%) 22 (24.4) 12(13.2) 5 (5.6) 11 (12.5) 4 (6.5) 5 (6.2) 1(1.2) 6 (14.6) 2(8.7) 1 (4.0) 0 (0) 8 (10.1) 1(1.4)
Diagnosed
Hypertension n (%) 28 (31.1) 10 (11.0) 14 (15.7) 12 (13.6) 10 (16.1) 0 (0) 0 (0) 12 (29.3) 6 (26.1) 0 (0) 0 (0) 2 (2.5) 1(1.4)
Undiagnosed
Hypertension n (%) 67 (74.4) 16 (17.6) 23 (26.1) 17 (19.5) 20 (32.8) 3(3.7) 3(3.6) 8 (19.5) 10 (45.5) 0 (0) 0 (0) 3(3.9) 1(1.4)
HbAlc (%) 5.4 (0.3) 5.5 (0.5) 5.4 (0.5) 5.6 (0.5) 5.5 (0.6) 5.4 (0.4) 5.3 (0.5) 5.7 (0.4) 5.6 (0.8) 5.4 (0.3) 5.3(0.3) 5.4(0.5) 5.3 (0.4)
(mmol/mol)? 35.4 (3.2) 36.9(5.5) 35.8(5.9) 37.3(5.5) 36.4(6.5) 35.0(4.4) 34.6(5.7) 38.3(4.9) 38.0(8.7) 35.9 (3.0) 34.4 (3.8) 36.0(5.3) 34.4(4.2)
Systolic blood 128 134 139 137 151 118 124 152 164 117 125 120 122
pressure (mmHg)** [123;137] [117;149] [127;164] [118;155] [132;170] [112;129] [117;131] [134;167] [153;192] [112;125] [114;131] [113;131] [117;130]
Er':z;t'g t(’:gﬁng)*s 78 [74;82] 80 [74;89] 84 [76;92] 84([79;91] 87[79;95] 75[71;81] 72[69;80] 86[73;91] 91 [79;94] 73 [66;78] 73 [66;78] 75[70;81] 72 [66;78]
Height (cm) 155.2 (3.8) 152.4 (5.4) 161.3(5.3) 151.5(5.1) 160.6 (5.3) 153.5(6.6) 158.4(8.4) 150.4(5.2) 159.0 (4.5) 153.3 (6.7)  156.3 (10.1) 152.7 (6.2) 160.3 (7.7)
Short stature n (%)%® 78 (86.7) 30 (32.8) 49 (55.7) 33 (37.5) 38 (61.3) 19 (23.5) 45 (54.2) 22 (53.7) 15 (68.2) 3 (12.0) 20(52.3) 19(24.1) 35 (49.3)
Body mass index*® 21.7 23.1 21.5 22.4 22.1 22.4 20.4 21.2 21.0 20.8 19.9 22.4 19.2
Y [20.7;23.2] [21.0;25.3] [19.6;25.0] [19.7;24.6] [19.6;25.4] [20.2;24.4] [19.0;21.5] [18.3;24.7] [19.3;25.0] [18.6;23.7]  [18.3;21.2] [19.8;24.8] [19.2;21.6]
Underweight n (%) 27 (30.0) 9 (9.9) 8 (9.1) 13 (14.8) 6 (9.7) 5 (6.2) 2(2.4) 11 (26.8) 3 (13.6) 1 (4.0) 1(2.6) 4 (5.1) 1(1.4)
Overweight n (%) 52 (57.8) 25 (27.5) 24 (27.3) 19 (21.6) 20 (32.3) 19 (23.5) 5 (6.0) 10 (24.4) 6 (27.3) 4 (16.0) 0 21 (26.6) 2(2.8)
Fitness status (VO2- 38.5 (4.7 34.3 (6.8 33.5(8.8) 32.0(6.7) 32.7(7.2) 37.3(6.6) 44.6(6.8) 29.1(6 29.2 (6.0 38.9 (5.9 46.0 (4.6 37.0 44.8 (5.9
max: ml O,/min/kg)’ .5(4.7) .3(6.8) .5(8.8) .0 (6.7) .7 (7.2) .3 (6.6) .6 (6.8) .1(6.8) .2 (6.0) .9 (5.9) .0 (4.6) (7.0) -8 (5.9)
Unfit n (% )® 72 (80.0) 35 (40.2) 39 (44.3) 43 (49.4) 25 (41.0) 24 (29.6) 30 (36.1) 30 (75.0) 14 (63.6) 5 (20.0) 15(39.5) 26(32.9) 25(35.2)
- ok 275.4 208 274 231 283 261 240 274 257 274 240 257 238
Sitting per day (min) [225;310] [169;279] [189;351] [189;334] [197;373] [204;326] [189;369] [197;380] [189;343] [180;334] [159;360] [204:326] [180;354]
Smoking status n (%)
Never smoked 52 (57.8) 71 (78.0) 59 (66.3) 57 (64.8) 39 (62.9) 77 (95.1) 68 (81.9) 22 (53.7) 13 (56.5) 24 (96.0) 38(97.4) 70(88.6) 59 (83.1)
Former smoker 38 (42.2) 11 (12.1) 21 (23.6) 19 (21.6) 17 (27.4) 2 (2.5) 9 (10.8) 13 (31.7) 6 (26.1) 0 (0) 0 (0) 5(6.3) 6 (8.5)
Current smoker 21 (23.3) 9 (9.9) 9 (10.1) 12 (13.6) 6 (9.7) 2 (2.5) 6(7.2) 6 (14.6) 4 (17.4) 1 (4.0) 1(2.6) 4 (5.1) 6 (8.5)
Years of education* 5.3 (2.2) 2 [0;6] 6[3;7] 2 [0;4) 5[1;7] 6 [5;10] 7 [5;10] 0[0;2] 51[1;6] 6 [5;7] 6 [4;8] 6[3:9] 7 [5;10]

Data are presented as mean (SD). *Median [p25;p75]]. Please note that for the different types of dyads there can be a different number of dyad member 1 and dyad member 2 as e.g. one husband had two
wives or a mother can have more than one child. 2At household level age-difference is between the oldest and youngest individual in the household. 3Individuals with diagnosed diabetes are excluded.
“Individuals with diagnosed hypertension are excluded. *Short stature is defined as age (months) z-score below -2SD or final height for males below 161.9cm and for females below 150.1cm [30]. ®Missing
value on 1 man. 750 individuals did not complete the steptest. ®Data missing on six individuals because of pregnancy, recent delivery, sickness, or technical error.
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and fitness status, while parent-offspring dyads were associated with in HbAlc, systolic blood

pressure, height, fitness status and sitting time.

Table 2. Dyad regression coefficients for type 2 diabetes risk factors (adjusted for
age-difference and sex)

Spouses Parents- Grandparents- Siblings
(n) (91) offspring (283) grandchildren (97) (148)
1 0.18 0.16%* 0.07 0.28%*
HbA1c (%) [-0.09;0.45] [0.02;0.29] [-0.8;0.22] [0.13;0.44]
Systolic Blood 0.27* 0.10* 0.08 0.18*
Pressure (mmHg)? [0.01;0.53] [0.04;0.16] [-0.02;0.19] [0.01;0.36]
Diastolic Blood 0.10 0.02 0.14* 0.16%*
pressure (mmHg)2 [-0.13;0.34] [-0.07;0.10] [0.02;0.27] [0.01;0.32]
R a 0.07 0.35%* 0.10 0.26%*
Height (cm or SD)* | ;3.5 5¢) [0.19:0.52] [-0.17;0.38] [0.09;0.42]
Body mass index 0.19 0.02 -0.01 0.11
(kg/m?) [-0.04;0.42] [-0.07;0.12] [-0.14;0.13] [-0.06;0.29]
Fitness status 0.42* 0.46* -0.08 0.38*
(ml0./min/kg)? [0.25;0.59] [0.31;0.60] [-0.37;0.20] [0.22;0.53]
Daily sitting time 0.09 0.15% 0.10 0.09
(minutes) [-0.05;0.24] [0.04;0.27] [-0.07;0.27] [-0.08;0.27]

Values are presented as regression coefficients [95% conf. interval]. Coefficients express the difference in each risk
factor in dyad member 2 per unit difference in that same risk factor in dyad member one. *p<0.05. *Individuals
with diagnosed diabetes were excluded. ?Individuals with diagnosed hypertension were excluded. 3In 15% of the
dyads, one member did not complete the step test. “For spouses, height (cm) is used while for parents-offspring,
grandparents-grandchildren and siblings, height-for-age is used and not adjusted for age-difference or sex.

Spouses were statistically significantly associated in systolic blood pressure and fitness status, while
grandparent-grandchild dyads were only associated with regard to diastolic blood pressure. None of the four
dyad types had a statically significant association for BMI.

Standardized regression coefficients are shown in Table 3. For spouses, parent-offspring and sibling

dyads the standardized regression coefficients were highest for fitness status.

Table 3. Standardized regression coefficients for type 2 diabetes risk factors
(adjusted for age-difference and sex)

Spouses Parents- Grandparents- Siblings
(91) offspring (283) grandchildren (97) (148)

1 0.19 0.21* 0.12 0.26*
HbA1c [-0.11;0.50] [0.02;0.40] [-0.13;0.37] [0.11;0.42]
Systolic Blood 0.28* 0.20%* 0.22 0.20*
Pressure? [0.01;0.54] [0.08;0.33] [-0.06;0.50] [0.01;0.39]
Diastolic Blood 0.10 0.02 0.27* 0.20%*
pressure? [-0.14;0.35] [-0.11;0.15] [0.03;0.05] [0.01;0.39]

. 4 0.07 0.26* 0.08 0.26*
Height for age [-0.13;0.28] [0.14:0.37] [-0.13;0.31] [0.09:0.42]
Body mass 0.16 0.02 0.02 0.14
index [-0.04;0.37] [-0.11;0.16] [-0.20;0.24] [-0.03;0.31]
VO,-max? 0.54* 0.41* -0.09 0.41*

2 [0.32;0.76] [0.28;0.54] [-0.38; 0.21] [0.25;0.57]
Daily sitting 0.11 0.17* 0.11 0.09
time [-0.09;0.31] [0.04;0.32] [-0.09;0.32] [-0.10;0.27]

Values are presented as standardized regression coefficients [95% conf. interval]. *p<0.05
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Concordance in risk factors

The results of the logistic regression models are shown in Table 4. At household level, effect estimates
showed that if one member in the household had dysglycaemia, the OR of another household member
having the same status was increased almost 20 times. Having diagnosed hypertension in the household
increased the odds of another member having diagnosed or undiagnosed hypertension 2.6 times, whereas
undiagnosed hypertension increased the odds of diagnosed or undiagnosed hypertension in another
member 4.8 times. The ORs of being overweight or obese, underweight, unfit, smoker or former smoker
were all statistically significantly higher if another member of the household had the same status as

compared to if no one in the household had the same status (Table 4).

Table 4. Odds ratios of having a condition as a function of the disease or
risk factor status in other members of the same household (adjusted for
age, sex and household size)

Exposure (status Outcome Household level
Diagnosed diabetes Dysglycaemia 0.8 [0.4; 2.0]
Dysglycaemia Dysglycaemia 19.8 [11.0; 35.5]*

Diagnosed or undiagnosed

. . . 3
Diagnosed hypertension hypertension 2.6 [1.5; 4.5]
Undiagnosed hypertension biag nosec{ or undiagnosed 4.8 [2.9; 8.0]*
hypertension

Short stature Short stature 10.9 [6.9; 17.0]*
Overweight or obesity Overweight or obesity 9.0 [6.1; 13.2]*
Underweight Underweight 13.7 [7.1; 26.3]*
Unfit unfit® 11.2[7.4; 17.1]*
Smoker Smoker 33.7 [15.8; 71.8]*
Former smoker Former smoker 18.9 [9.4; 38.0]*

Values are presented as odds ratios [95% conf. interval]. *p<0.05. *Individuals with diagnosed diabetes
were excluded. 2Individuals with diagnosed hypertension were excluded. 3In 15% of the dyads, one
member did not complete the step test. “Not adjusted for age-difference. *Unfit is defined as a fitness
level below middle derived from VO,-max and grouped according to Astrand (1960).[34]

DISCUSSION

The results of the present study indicate that individuals living in the same household in rural Uganda
share risk factors for T2D and cardio-metabolic diseases. We showed that, in particular for systolic blood
pressure and fitness status, the spousal association was at least as strong as the association between siblings

or parent-offspring pairs, indicating an effect of shared lifestyle behaviours. For other cardio-metabolic risk
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factors the resemblance was more prominent between siblings and parent-offspring dyads, whereas
grandparent-grandchild dyads were less alike.

To our knowledge this is the first study to investigate the resemblance of multiple cardio-metabolic
risk factors in household clusters including several generations living and eating together on a daily basis. A
German study of aerobic fitness found an ICC of 0.22 in fitness status in nuclear families, but no association
when restricting the analyses to spouses.[35] Our findings of dyad resemblance in HbAlc, blood pressure,
height and fitness status are in agreement with other epidemiological studies focusing on a single type of
dyad[19, 20] or a single type of risk factor.[35,36] We are not aware of studies from low-income countries
investigating household or dyad resemblance in risk factors for T2D.

Among the measured risk factors, fitness status had the highest ICC at household level and
standardised regression coefficient among spouse, parent-offspring and sibling dyads. The high resemblance
in fitness status is partly explained by the high heritability of VO,-max.[21] However, in contrast to the
German study[35] we also found a high association in spousal fitness status suggesting that also shared
physical activity patterns may contribute to the high fitness status resemblance in our study population. In
the Ugandan situation, a peasant’s wife is most often also a peasant, and offspring help cultivating the family
land. Shared daily activities as the explanation for spousal resemblance in fitness status is supported by a
French study finding that spouses’ physical activity patterns were only similar during weekend days.[37] In
addition, walking was the primary means of transportation for most of the study participants, giving all
individuals in the same household the same walking distance and elevation differential when e.g. going to
the nearest trading centre. However, adjusting for elevation gave only a modest attenuation of the
household ICC or the dyad resemblance in fitness status.

In line with the results of a meta-analysis,[38] spouses resembled each other with regard to systolic
blood pressure. Contradicting other studies[10,38] we did not find a statistically significant spousal
association for BMI, diastolic blood pressure or HbAlc. Discordance in ethnicity of spouses, low numbers of
people living in the household and higher SES have previously been shown to attenuate the spousal
association in BMI.[10] However, none of these factors were present or affected the absence of a spousal
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BMI association on our study. Assortative mating and/or convergence over time are often used to explain
spousal resemblance in risk factors for T2D.[12,39] However, studies of assortative mating and risk factors
for T2D are almost exclusively from high-income settings, and preferences for choice of spouse may differ
across geographical, social and ethnic settings. For instance, overweight has traditionally been viewed as a
desirable feature in SSA settings[40] whereas it is more stigmatizing in high-income settings.[41] Further,
until recently the prevalence of obesity in SSA was low, and results from a Danish study showed a tendency
to an increase in assorted marriages between obese spouses along with the obesity epidemic.[39]

In contrast to other studies of genetically related individuals, we did not find a relationship in BMI for
parent-offspring[18,42] or sibling dyads.[19,36,43] Concerning parent-offspring, a study from the U.S
including children from 2-16 years of age suggested that pubertal children are less likely to resemble their
parents in BMI than pre-puberty children, as they grow more independent of parents’ eating and exercise
behaviours.[42] This could explain the lack of parent-offspring relationship in our study where some of the
parent-offspring dyads included adult offspring. However, stratifying parent-offspring dyads into adolescents
and adult offspring or above/below median age-difference did not change the lack of statistical associations.
In terms of siblings, other studies found that sibling dyads resembled in BMI,[19] but that the sibling BMI
correlations were less pronounced during adolescence,[36] decreased with increasing age difference[19] and
were higher among home living adolescents than adult siblings living apart.[43] The mean sibling age
difference (7 years) in our study was not markedly different from the mentioned studies, and the siblings
lived together. Thus, these factors cannot entirely explain the lack of relationship.

The last relationship with a genetic component examined in the present study was grandparent-
grandchild dyads. Again no relationship was seen in BMI, which is supported by data from a Korean
population,[44] but in contrast to a study from Belgium finding a direct association in obesity measures
through three generations.[45] Neither the Korean nor the Belgian study reported that grandparents and
grandchildren lived together, which they did in our study and could have increased the chance of
resemblance in BMI. However, Uganda is a country in transition in terms of both disease burden and
nutrition. In addition, the Ruwenzori Mountain region in Kasese district was the centre of civil strife with a
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civil war in 1962-1982 and again from 1996-2002, making it likely that grandparents and grandchildren were
exposed to very different intrauterine environments and growth conditions. This hypothesis is supported by
the findings of a statistically significant height increment between each of the three generations in our
cohort (data not shown), which was not reported in the study from Korea including three generations.[44]
Potential unmeasured confounders for BMI may have been unreported/undiagnosed infectious disease such
as tuberculosis or HIV/AIDS; both have a fairly high prevalence in the study setting[46] and both affect body
weight.

The high ORs in smoking status may partly be explained by a low overall smoking prevalence (7.6%).
Further, 63% of the smokers lived together with at least one other smoker. The high resemblance in smoking
status is supported by results of studies finding a high spousal resemblance in smoking status[12] and that
both smoking and quitting smoking spread in social ties in social networks.[47]

Strengths and limitations

One of the main strengths of this study is the household-based approach. Visiting the families in the
home setting resulted in a high individual response rate (97.5%) and thus only minimal risk of selection bias
in dyad representativeness. The cross-sectional design prevents us from concluding on whether the spousal
resemblance was due to shared risk behaviours or assortative mating, and for the genetic relationships, we
cannot distinguish between shared genes and shared environment/behaviours. The ICCs reflect the
proportion of variances, whereby the sizes of the ICCs cannot be compared to other cohorts or settings.
Thus, the size of ICCs should only be interpreted as a tool to investigate which risk factors resemble most
strongly at the household level in the present cohort. The application of HbAlc as a diagnostic tool in African
populations is debated [48]. However, in the present study, HbAlc was used to investigate resemblance in
dyad members and not to diagnose diabetes. Due to the initial sampling of this study population, 50% of the
households had a member with diagnosed T2D. We have previously shown that having diagnosed T2D in the
household may have positive spill-over effects on the other members[22] potentially due to changes in diet
and physical activity due to the diabetes status.[49] This could explain the difference between diagnosed
T2D and dysglycaemia in the household as a risk factor for dysglycaemia in other members of the household.
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CONCLUSION

The moderate to strong correlations in T2D risk factors at household level and between spouses,
parent-offspring, and sibling dyads suggest that shared behavioural and environmental factors such as
physical activity may influence the risk factor level among cohabiting individuals. The marked degree of
household resemblance for certain T2D risk factors highlights the potential of the household setting for
screening and prevention of T2D. Thus when one household member presents with elevated glucose, blood
pressure, or physical inactivity, the entire household could benefit from lifestyle interventions.
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2 STROBE CHECKLIST
2 Study: Household and familial resemblance in risk factors for type 2 diabetes and related
5 cardio-metabolic diseases in rural Uganda
6 Type of study: Cross-sectional
7
8 Item
9 No Recommendation Page
10 Title and 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 2
i;‘ abstract (b) Provide in the abstract an informative and balanced summary of what was done 2
13 and what was found
14 Introduction
ig Background/ 2 Explain the scientific background and rationale for the investigation being reported 4
17 rationale
18 Objectives 3 State specific objectives, including any prespecified hypotheses 4
;'g Methods
21 Study design 4 Present key elements of study design early in the paper 5
22 Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 5
23 exposure, follow-up, and data collection
24 Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
gg selection of participants. Describe methods of follow-up
27 Case-control study—Give the eligibility criteria, and the sources and methods of case
28 ascertainment and control selection. Give the rationale for the choice of cases and
29 controls
32 Cross-sectional study—Give the eligibility criteria, and the sources and methods of 5
32 selection of participants
33 (b) Cohort study—For matched studies, give matching criteria and number of
34 exposed and unexposed
35 Case-control study—For matched studies, give matching criteria and the number of
g? controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 7
38
39 modifiers. Give diagnostic criteria, if applicable
40 Data sources/ 8* For each variable of interest, give sources of data and details of methods of 6
j; measurement assessment (measurement). Describe comparability of assessment methods if there is
43 more than one group
44 Bias 9 Describe any efforts to address potential sources of bias 5
45 Study size 10  Explain how the study size was arrived at
jg Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, 6
48 variables describe which groupings were chosen and why
49 Statistical 12 (a) Describe all statistical methods, including those used to control for confounding
50 methods (b) Describe any methods used to examine subgroups and interactions
g; (c) Explain how missing data were addressed
53 (d) Cohort study—If applicable, explain how loss to follow-up was addressed

Case-control study—If applicable, explain how matching of cases and controls was

54
55 addressed
56 Cross-sectional study—If applicable, describe analytical methods taking account of
g; sampling strategy
59 (e) Describe any sensitivity analyses
60

For peer review only - http://bmjopen1.bmj.com/site/about/guidelines.xhtml

yb1Adoo Aq pajoalold 1sanb Ag 20z ‘0z IHdy uo /wod fwg uadolwiagy/:dny woly papeojumoq "/ TOZ J8quwiaidas Tz Uo #TZST0-9T0z-uadolwag/9eTT 0T Se paysiignd 1siiy :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUTA,WNPE

e
[Ny

U OO A DMBEMBIAMDIMBAEDIAMDIMNDNWOWWWWWWWWWWNDNNDNNNNNNNRERPRPRERERERERELPR
QOO NOUPRRWNRPOOO~NOOUOPRARWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOOMWN

BMJ Open

Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 9
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 8+9
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 9
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*¥  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures 10+11
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 10+11
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 9
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other 17 Report other analyses done—eg analyses of subgroups and interactions, and 11
analyses sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 12
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 14
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 13
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisabili 21 Discuss the generalisability (external validity) of the study results 14+15
ty
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 16

applicable, for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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